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Preface

This report describes plants of the family Leguminosae, all of them greatly
underexploited. Some are extensively used in one part of the world but
unknown elsewhere; others are virtually unknown to science but have particu-
lar attributes that suggest they could become major crops in the future;a few
are already widespn%ad but their possibilities are not yet fully realized.

Most of the plants described in this book have the capacity to provide
their own nitrogenous fertilizer through bacteria that live in nodules on their
roots; the bacteria chemically convert nitrogen gas from the air into soluble
compounds that the plant can absorb and utilize.* As a result, legumes gén-
erally require no additional nitrogenous fertilizer for average growth. This is
advantzlgcous because commercial nitrogenous fertilizers are now extremely
expensive for peasant farmers. This report demonstrates how farmers in devel-
oping countries, by using leguminous$ plants, can grow useful crops while
avoiding that expense. However, the plants to be discussed here should be
seen as complements to, not as substitutes for, conventional tropical Crops.

The panel that produced the report met at Kahului, Maui, Hawalii, in
August 1976. Its objectives were:

e To identify leguminous plants, currently little known and underutilized,
that could improve the well-being of people in developing countries;

o To select the species with the greatest inherent value; and

e To indicate what needs to be done to capitalize on these plants and to
develop them to their potential.

&

Prior to the panel’s meeting, a list of 150 neglected and seemingly promis-
ing legumes was mailed to plant scientists throughout the world. Each recip-
ient was asked to “‘vote” for the species most worthy of inclusion in the
panel’s report. More than 150 scientists responded and, at the same time,
nominated an additional 250 species for cfmsiduation. Furthermore, as the

|
*In the cases of some tree legumes described in the timber and ornamentals sections it is
not yet known il they have either the root nodules or the bactéria necessary for this
nitrogen “fixation” process. ’
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s’tudy progressed, an additional 200 species with promise came to light. Ina
total-of about 600 species, almost.300 received top ranking from at least one
reviewer. From this wealth of candidates the panel selected the almost 200
species that are included in the 31 chapters of this book. . -

The choice is necessarily subjective, based as it is on the experlence and
judgment of the individuals making up the -panel. However, the staff under-
took extensive correspohdence with researchers throughout the world to
check out the merits of the species described in this report. For inclusion, a
species-had to satrsfy certain general criteria, the most important of which

) were-

. e

e Its potent1a1 to help improve the quality of life in developmg countriés:
o The lack of recognition of its potential; and
e [ts need for greater attention from researchers and farmers, and for
increased, investment by orgamzatrons that fund research and development
pro;ects »

b

»

Other considerations were: Does the plant yield more than one product use-
ful to a developing country? Can the plant i improve the lives of the rural poor?
Can it be grown in habitats where other plants grow poorly (for example, arid
areas, swamps, slopelands, toxic soils)? If introduced" to a new region; is the
plant likely to’'becdme a-pest? Little consideration was given to how much is
known about the plant—if a species showed the requisite promise, it was
- included in the book even if it had been little studied in the past. a
~The ob]éct of this report is to show how little-known legumes can con-
tribute to the economies of developing countries. Because most of these coun-
_-tries are tropical, the majority of the species discussed are adapted to warm -
areas. Nonetheless, there are huge areas of upland savanna dnd mountainous
highlands throughout the .developing world; therefore, plants like tarwi
(Lupinus mutabzlts) and honeylocust (Gledztsza trzacanthos) that wrll grow in.
~ cooler régions are also included. - -

The report provides a brief introduction to the plants selected. It is mtend
ed neither as a textbook nor a comprehensive survey of tropical botany. For
the convenience of the reader, most of the plants are presented in separate
chapters, each arranged in the followmg general order: . : s

- e Description of the plant and of its advantages
® Limitations and spec1a1 ‘requirements
- o Research needs t

.

24




PREFACE vii

o Selected readings (significant reviews and general articles)*
e Research contdcts (individuals or organizations known by the panelists
to be involved in relevant research and who have agréed to provide advice and

perhaps small amounts of seed to bona fide researchers addresses are correct
as of mid-1978). ®

The present book is\one in a series that identifies unconventional scien-
tific subjects with promise for developing countries. In each study, distin-
~guished scientists pool their experience and knowledge and direct their rec-
~ommendations to dec1s1c\n makers. Prevrous publicationst dealing with:
legumes are: "

e The Winged Bean:, A High Protein Crop for the Tropics
_e Leucaena leucocephala: New Forage and Tree Crop for the Tropics

', ) Underefpl()ited Tropical P{ams with-Promising E conomic Value
o s

: [Tlus last bools\ descrlbes 36 species and includes discussion of five legumes:

:~(w1nged ‘bean (Rsophocarpus tetragonolobus), Acacia albida, Cassia sturtii,

X "tamarugo (Prosopls tamarugo), and’ guar (Cyamopsis tetragonoloba). -

. A companion regort, Firewood Crops: Shrub and Tree Species for Energy-
_ Production, is in preparation. It describes woody species smted for fuelwood
~.in rural developing arexs, where firewood shortages are reachmg a crisis pornt

.-Many of the species it désctibes will be legumes.

This report was made\possible by a grant from thé Ofﬂce of Agriculture
-and Office of Science an Technology, Bureau for Development Support,
Agency for Thternational Dayelopment. Travel funds for Dr. Setrjatr Sastra- -
pradja were provided by The Asra Foundation. o

The panel is indebted to Professor Sheldon Whitney of the Maul Branch
Statron,LHawan Agricultural Exjeriment Statlon Kula, Maui, Hawaii, who
' made allsarrangements for its meeting. - :

Without the hundreds of articles) books and data bank searches obtained -
' by the s,la ff of the NAS Library this s udy could not have been accomplished. -
The paﬁ(‘el gratefully acknowledges th;’\,mvaluable help of James Olsen (hy/

s

, *Although legumes are easily drstmgurshed from \other plant types, maﬁy are not easily
differentiated from closely related species wrthln\the famrly Thls eads to continual
changes in the names designated by taxonomists,-In\the last decade “for example almost

- all the species described in the pulse section of this report have had their names changed.

 Readers pursuing species described in this report showld carefully note the synonymous
names listed with each.chapter. Many older references W‘l\ll uSe these synonyms.

tFor mformatlon on how’to order these and other report\, see page 329.
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librarian), Celine Alvey, and Mary Jane Cochrane. Thanks are als’b_due Pro-
fessor J. P. M. Brenan and Dr. Bernard Verdcourt of the Royal Botanic Gar-
dens, Kew, for éhecking and correcting taxonomic details.

The report was prepared for publication by F. R. Ruskin.

We also wish to acknowledge the courtesy of the Compania Shell de
Venezuela for permitting use of the color plate of Ervihrina poepprgzana :
which appeared in the book Arboles en Flor de Venezuela (NV 1959),
Encyclopaedia Britannica, for permission to adapt the article on leucaena,
page 131, and Dr. C. G. G.J. van Steenis for permission to reproduce the map
on page 218 showigg the distribution of /ntsia species.

Throughout this book the symbol “t™ is used for metric ton and all quoted
percentages of protein and other ingredients are based on dry weight rather
than fresh weight. The figures quoted for diameters of tree trunks all refer to
DBH, the diameter at breast height.

Comments on the report, especially if it has induced further research on
the species described, should be sent to the staff officer, Dr. Noel Vietmeyer,
National Academy of Sciences—National Research.Council, 2101 Constitution
Avenue, JH2'T5, Washington, D.C. 204J]8, USA. Suggestions and information
h(}m readers db()Lell species not covered in this volume will be wdcome s they
_“ight be 1mludcd in a later publication.
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Introduction and Summary

Of all plants used by man, only the grasses are more important than the
legumes. However, while enormous resources have been expended in recent
decades on grasses like rice, wheat, corn, sorghum, and barley. among the
legumes only soybeans and peanuts (groundnuts) have received much atten-
tion. Yet it is the family Leguminosae that shows most promise for producing
the vastly-increased supplies of vegetable protein that the world will need in
the mear future. In developing countries especially, cultivation of legumes is

“othe bet and qmd\le way -to augment the production of food proteins.

Leguminous plants are found throughout the world, but the greatest vari-
ety grows in the tropics and subtropics. Because tropical botany has been
relatively neglected, there are thousands of promising species that await re-

search and study. The wealth of untapped crop potential is exemplified in
" Mexico, where towns often have their own varieties of the common bean
(Phaseolus viilgaris), quite distinct from those of neighboring towns. These
varieties have never beén disseminated outside their indigenous-areas.

Of the thousands of known legumesspecies, less than 20 are used exten-
sively today. Those in common use include peanuts, soybeans, peas, lentils,
pigeon peas, chick-peas, mung beans, kidney beans, cowpeas, alfalfa (lucerne),
sweet clover (Melilotus species), other clovers (7rifolium species), and vetches.
The remaining species are little used as yet, and many of them are almost
unknown to science. Those that show greatest promise are described in later
chapters. ‘

The Family Leguminosae

With approximately 650 genera and 18,000 species Leguminosae is the
third largest family of flowering plants (after Composxtae and Orchidaceae).
[ts species are found in temperate zones, humid tropics, arid zones, highlands,
savannas, and lowlands; there are even a few aquatic legumes.
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The fami}y is divided into three subfamilies:* 7 ‘ o

’ Caesalpmlmdeae About 2,800 species, mainly trees of the troplcal sa-
- vannas and forests ofAfnca South America, and Asia.

- Mimosoideae. About’ 2,800 species, most conspicuous as small trees and
shrubs of semiarid tropical and subtropical regions of Africa, North and
South America, and Australia. Particularly numerous jn the Southern Hemi-
sphere. Acacia species are well-known examples.

l_’apilionoicieae (alternative name, Faboideae). About 12,000 species, main-
ly herbs. Distributed worldwide. ’
All legumes bear pods, the characteristic by which they can most easily be
recognized. The pods may be round, flat, or winged; long, short, thick, or
th1n straight” or coiled; papery or léathery woody or fleshy. Some are not
 much bigger than a pinhead; one is the size of a tennis ball; others can be
more than 1 m long. Usually the pod splits lengthwise, at one or both edges
to expose and release the seeds—from oné to several dozen—that it contains.

Food Legumes

Legume seeds (also called beans, grain' legumes, or pulses) are second only
to cereals as a source of human and &nimal food. Nutritionally, they are 2-3 -
times richer in protein than cereal grains. Some—like soybeans, peanuts, and
winged beans—are also rich in oil. Bean cultivation is very ancient; some
species have been domesticated for as long as the major cereals and have been
almost as basic to civilization’s development. .

Before the potato was introduced, beans constituted much of the.diet of
the poorer classes of Europe. Today, they remain as major foods in Latin
Amerlca (especially the common bean, Phaseolus vulgaris), on the Indian
subcontinent (especially léntils, Lens esculenta; pigeon tpeas, Cajanus cajan;
and chick-peas, Cicer arietinum), and the Far East (especially soybeans).

- There is a chronic prgeln deficiency in virtually every developmg coup-

try. The “Gréen Revolution” has not increased the yields of pulses;indeed
its emphasm on cereals has often led to decreased legume production. Only
a mmllar revolution in the production of pulses can quickly eliminate pro-
tein malnutrition for the immediate future. A massive increase in vegetable
protein supply in malnourished areas presents a less-difficult, less-expen-
sive, and more energy-efﬁment prospect than boosting the supply of animal
protein. ‘Pulses are leadmg candldates since they contain more protein than

*Sometimes treated as full ‘families: Caesalpiniaceae, M1mosaceae and Fabaceae (also
.. known as Paplllonaceae) :
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almost any other plant pr()duu ‘Many have protein conterfts between 20 and
40 percent. A few range bquLn 40 and 60 percent. Th/
food legumes throughout the \\‘>prld should be encouraged.

Legumes offer a variety of® \edlble products in addrtlon to seeds. Many
immature pods are edible during the 2 or 3 weeks befor¢ the fibers lignify and
harden. At this stage they are still’green and suuulem and can be used as a
green vegetablg Although they haveless protein- thah the mature seed, they
are rich in vitamins and soluble Ld(boh\ydrdte

Leaves of leguminous plants are eaten in some e parts ot the world, pdl[lul-
larly in the tropics. For example. Prerocarpus spp. are grown in southeastern
Nigeria mainly for their leaves. However, this is gilways a local practice and,

with few exceptions, has not yet been adopted widely. The use of edible

legume leaves as food deserves increased study and promotion throughout the
tropics.

Lesser-Known Uses of Legumes

Most people are unaware that legumes encompass far more than herba-
ceous annual crops grown only as ldhlc vegetables; and that they occur as
vines, shrubs, and even as forest trees. S

Many of the world’s most exquisite flowering plants are legumes. In
temperate climates, well-known examples include wisteria (Wisteria species),

15, increased use of

————

laburnum (Laburnum species), sweet peas (Lathvrics odoratus). and butterfly «

pea (Clitoria ternatea). But it is in the tropics that the largest number of

different omamental legumes is found. Indeed, some of the most character-

istic -plants of the tropics are legumes. These include the flamboyant or royal
poinciana (Delonix regia), the golden shower (Cassia fistula). the pink-and-
white shower (Cassia nodosa), pride of Barbados (Caesalpinia pulcherrima),

orchid trees (Bauhinia species, especially B. purpurea, B. variegata, and B~

monandra), cock’s comb coral tree (Erythrina, crista-galli), and the raintree
(Samanea saman). v L

Some beautiful leguminous timbers (camwood f{rom Baphia nitida and
species of Prerocarpus, as well as various rosewoods from Dalbergia species,
for example) have been in world markets for centuries and are among the
Tumbers most universally valued for cabinet work and carving. Indeed, a large
number of leguminous tropical trees produce luxury timbers that command
highest prices in international trade. But most of these are slow-growing trees
and their cultivation in plantations remains untested. Accordingly, as the
natural stands become logged out, these species can truly be labelled “vamsh
ing timbers.”*

*Examples include: Afzelia species, (:mbourua species, Rhodesian teak (Bazkzaea pluri:
jugay, purplchurl (Peltogyne species), Acacia koa, and partridge wood (l/ouacapoua
americana).
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Other legume products include senna pods from Cassia angustifolia and
related Species, widely used for their laxative properties. Rotenone, an insecti-
cide and fish poison, is extracted from species of Derris. Lonchocarpus, and
Tephrosia. In Southeast-Asia and India, twigs of several legumes are attacked
by the tiny lac insect. Later, these twigs are collected and the sticky. resinous
encrustations left by the insect are removed to produce shellan long used as
an electrical insulator and an ingredient in lacquer.

For several centuries the tonka bean (the seed of Diprervx odorata) has
been exported from South America as a spice to give vanilla-like scent to
tobacco and foods, but recent concerns over the nutritional safety of cou-
marin, the active ingredient in the bgan, have caused thll‘dd\, s demise. The
stlongly scented scuds of ienugrcek (Trigonella /Uenum -graccum) are also
used as a spice to flavor curries, pickles, chutneys, imitation maple syrup, and
other foods. They also contain diosgenin, a material used to synthesize oral
confraceptives. i :

Some of the best (,OpdlS viscous resins famed for their toughness and
durability in varnishes, paints, and lacquers—are produced from leguminous
“trees, particwlarly of the genera Hymienaeq and Copaifera. A number oflegu-
minous trees’ bear pods thgt provide a sweet pith that is eaten as a fruit.* And
copaiba balsam, the oily liquid tapped from the heartwood of Copaifera
species, is an ingredient still used in cough medlcmes and other preparations.

Many processed foods, for exqmple mayonmlsc and ice cream, contain
gums from legumes such as Acac za,gj.;;cnegal (gum arabic) or Cvamopsis fetra-
gonoloba -(guar). A common perhime ingredient.is extracted from Acacia
farnesiana. Licorice is extracted from the roots of a small lcgummous herb,
Glycyrrhiza glabra. The bark of Acacia nzearnszz is a sourcé 57 tannin for the
world’s leather industry.

Legumes are important to beekeepers, for they produce some of the finest
honey in the world. Clover honey is famous in New Zealand, Australia, and
the United States;-alfalfa and mesquite (Prosopis species) honeys are also
among the most valuable in the United States. Tropical- tree legfxmes that
“make excellent bee pasture include Pithecellobium species, Hymenaea cour-
baril, Inga species, Gliricidia sepium, Andira inermis, and some A cacia species.

In previous centuries, when natural dyes were the only means of coloring
fabrics, legumes were crucial in world commerce, and the quest for them
played an important role in colonial development. Indigo, the brilliant blue
dye (extracted from small shrubs of the genus /ndigofera), was more widely
used than any other. It became a major product of India, traded eastward to

*Including: West African locust beans (Parkia biglobosa, Parkia clappertonia), guay-
mochil (Pithecellobium dulce), raintree (Samanea saman), ice cream beans (/nga species),
Tahiti chestnut (/nocarpus fagiferus), velvet tamarind (Dialium guineense, D. indum, and
D. ovoidum), tallow tree (Detarium senegalense), namnam (Cynometra cauliflora), and
courbaril (Hymenaea courbaril).

2
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Chiha and westward to Europe. More»:;va‘lued than spices,-it was’ a major

reason for establishing Portuguese, Dutch, and British colonies. in India.*

In 1638 logwdbd (Haematoxylon campécht;gmum), a small, gnarled legu-
minous tree, also stimulated the founding of British Henduras (now Belize).

- The purplish-red  dye extracted from its heartwood had already been a major
“Spanish export fromoCentral America for 100 years. Until late in.the. last

century, British Honduras was still exporting over 100 ,000 t of it annually.
Med1cal pathologists use it even today.

In South America, Portuguese traders found a sma.ll legummous tree,
Caesalpzma echinata, that ylelded a wine-red dye v1rtually identical to resil

(from Caesalpinia sappan), a dye that Europe has been importing from Asia
- since the Middle Ages. It quickly became the most important product to be

shipped to Portugal from the new land. The merchants and woodsmen even-

tually became known as bresilieros and the region as Brasil (Brazﬂ) Today,
the wood (known as Penambuco} is used for violin bows

e

"“:'Z;, trogen,&xatlon :

Legumes are crucial to the balance of nature, for many are able to convert

';mtﬂ,rogen gas from the air into ammonia, a soluble form of nitrogen, which is

readily utilized by plants. While a few other plant families include species
with this ability, legumes produce the great mass of biologically fixed nitro-

gen. |

The -nitrogen contributions of legumes can be vital for maintaining soil

productmty over long periods. A leguminous crop can add up to 500 kg of

e

nitrogen to the soil per ha per year.t
_Even today, cultivated legume crops add more nitrogen to the soil world-

’w1de_ than do fertilizers. In /Austraha, the fertlhty increase effected by leg-
umes has allowed vast areas to be brought into arable cultivation. Over 100

million ha have been planted in pasture legumes, principally to Trifolium

quubterraneum (subclover) and Medicago tribuloides (barrel medic) in the

temperate areas, and Stylosanthes humilis (Townsvﬂle stylo) and siratro
(Macroptzlzum atropurpureum) in the troplcal areas. This is the first time that
these species have been used in extensive agriculture. In addition, nitrogen

from legumes (mostly from w}ute clover, Trifolium repens) is the basis for

New Zealand’s exceptional pastoral economy. In the United States, legumes:
(especially alfalfa, soybeans, and peanuts) contribute about 2.4 million tons

*Afncan or Yoruba indigo, still in widespread use for dyemg local pnnts in West Africa,
is obtained from theleguminous tree Lonchocarpus cyanescens.

tNational Academy of Sciences. 1977. Leucaena Promlsmg Forage and Tree Crop for
the T)'opzcs To order see page 329. ‘
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ol nitrogen a year, nearly one-fourth the amount of fertilizer nitrogen manu-
factured in the same period. ’ ' '

The conversion of atmospheric nitrogen to ammonia is actually accom-
plished by soil bacteria belonging to the genus RAizohirn. The bacteria infect
the legume root, and the plant, in reaction, forms swellings (nodules) on the
root surface. Within these nodules the rhizobia proliferate and thrive. There
they absorb air from the soil and-by processes not fully understood, “fix”

the nitrogen.-The plant host absorbs much of the nitrogenous product and

uses it to produce protein, vitamins, and other nitrogen-containing com-

pounds,

- By using the nitrogen-fixing bacteria. legumes meet thew needs for nitro-
gen without requiring fertilizer. Cereals, lacking this symbiotic arrangement.,
have less seed protein and require soil nitrogen or fertilizer tor satistactory

- growth.
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A lugumt rpot nodule opened to expose the dense mass 03! nitrogen-fixing bacteria inside. . e '
(WL Brill)

2

Most; but not all; legumes fix nitrogen. Alli{mugh only one-tenth of the
species have been checked, the results suggest that nodulation is fairly gen-

eral in the Mimosoideae and Papilionoideae, but that only about 30 perwnt
of Caesalpmloldcac species bear nodules

Inoculation - ’ i

Leguminous plants only grow wgorously if they have fumtlomng noduies
and this depends on their roots encountering appropriate Rhizobium stframs
iy the soil. There are differences among Rhizobium. strains. Some cannot’
mfcct the paltl(.uldl degume bem grown; some mvadc the roots but bring no—

a -
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beneﬁt tqythedlost others invade vigorously, producing effective nodules that

continuously supply nitrogenous compounds to the plant.
In nature, the vigorously nodulating strains are usually found in soils where

'the particular legume ‘spegies is native, When man introduces the plant to a

region where it has never before been grown, the most effective nitrogen-
fixing rhizobial strains may be lacking. Thus, when a legume is grown for the
first time in a new area it is crucial to ensure that appropnate rhizobia are
likely to be present in the soil. ‘ : :

‘Some leguminous Spec1es accept and utilize a range of dlfferent Rhizobium
sfrains, while in other cases a group of different legumes can all utilize the
“same Rhizobium. In these cases, the plant will grow well in soils of any
location that prevr/ously supported a crop using-a compatible Rhizobium
strain, Luckrly, this is a common situation, accounting for the wrdespread
success in introduging leguminous plants to new regions.

For the major/ legume-crops, appropriate strains of Rhizobium have been
1dentlﬁed cultures are available either commercially or from research institu-
tions. ’fhe“ bacteria can be added directly sto the soil, but usually the legume
seed is coated with the culture so that, ﬁ% the root emerges during germinar
tion, it is. mfected 1mmed1ately

§

Legufhes and"‘ih"é' Energy Crisis

The success of agriculture since World War II has depended on the ava1l ,‘
ability of cheap, abundant energy .that facilitated the use of fertilizers, pesti-
cides, irrigation, and mechanization. Now, energy is no longer cheap nor

‘abundant, and neither is fertilizer, especially nitrogenous fertilizer. Under

pressures of population irrcreases'and shortages of energy and fertilizer, tech-

niques that can increase food production without experiding"large quantities -

of energy are assuming great importance. Indeed, perhaps. the most important
task facing mankind today is to solve the problems of world hunger and
malnutrition by methods that lessen explortatlon of nonrenewable energy
resourcesl i e ' ’

Atmosphenr' mtrogen is formed of twin atoms very tightly bound. It

requires much energy to break them apartl_so that they can enter into com-

pounds useful to living organisms. The Haber-Bosch process, the industrial
« process for splitting nltrogen consumes large quantities of fossil fuel energy.
“Commercial fertilizer is now produced by first combining atmospheric nitro-.
gen with the hydrogen of natural gas or the naphtha from oil fractionation.
With fuel prlces nsmg and gas production declining, fertilizer prices must'
increase. :

The huge increase in ferti]jzer‘nitrogen costs in developing countries has
perhaps been the most insidious effect of the recent energy crisis. A metric
ton of fertilizer that cost $30 in 1972 had jumped to,$140 by 1974. Under

a
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these conditions, legumes and blologlcal nitrogen flxatlon take on new impor-
tance. Sy ¢

E

- Legumes and Developing Countries

“—Malnutrition is usually prevalent where too few different plant fogds are
available. Animail prote Vis seldom affordable for the diets of the pOOT
in developing countries, so legumes usually prov1de the chief-and some-
times the only—source of protein. A wider variety of food legumes can ‘com-
plement existing foods by providing additional protein and vitamins. There
are useful species for almost every type of soil and climate; many species
adapt well to a wide range of soils. :

Legumes are especially important as a complement to carbohydrate staples
such as rice, corn, and other cereals; and plantains, cassava, and other root
and tuber crops. Pulses are. prolemaceous foods that are as easily handled,
stored, and transported as cereal grains. They are generally low in oil, but are
important because of their high protein content and good protein quality.

s

Multipurpose plants abound in the Leguminosae. As noted in this report,
many of them yield a multitude of end products. Such versatile crops offer
important advantages to-farmers in developing countries.

T

Toxins and Antinutritive Factors

Legumes contain a greater variety of toxic constituents than any other
plant family. Some legume seeds are highly toxic; even among edible species
some toxins occur. These compounds—flavonoids, alkaloids, nonprotein
amino acids, and uncommon proteins—are often found in the leaves, pods,
and seeds. Fortunately, many of the toxins can be neutralized in simple ways;
for example, by soaking the seeds in water or by cooking them thoroughly.
To avoid toxins, it is widespread practice in the Orient to treat pulses by fer-
mentation (producing, for example, tempeh or soy sauce from soybeans), ex-

“tracting the protein (as with tofu and soybean milk), or sprouting the seeds
and eating the young seedlings. These processes produce wholesome, edible
products essentially free of toxic materials.

Some compounds in legume seeds interfere with digestion without being
truly toxic. Such metabolites occur in soybeans and many other pulses. They
may inhibit the enzymes that digest protein or they may impede the absorp-
tion of amino acids from the digestive tract, both of which cause protein to
be wasted. Dry beans also may contain compounds that cause flatulence and
others that agglutinate certain blood types.

[t is important that researchers take up the challenge of how best to
neutralize the antinutrition factors and thus improve the food value of le-
gume seeds. Promising lines of attack include genetic manipulatiorf of the
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plants as well as processing the seeds by dehulling, milling away the seed coat,

soaking, heating, and fermentation, or by treatment with a01d alkali, or
sodium bicarbonate. :

~ In legume protem the relative proportions of the essential amino acids are
not as well balanced for human dietary requirements as in meat, milk, or fish.
Nonetheless, legume protein usually contains more than adequate levels of
some of the nutritiénally important amino acids, such as lysine, that are
deficient in most cereals and other edible plant groups. The combination of
cereals and legumes provides a very good balance of amino acids, since the.
cereals usually supply adequate methionine.

* * *

A summary follows of the plants andﬁoplcs selected by the panel for their .
promise.

Root Crops

Yam Beans (Pachyrhizus speéies). Theré’e plants of Central and South
America produce large, swollen roots and have been feeding people since the
.dawn of history. Palatable, nutritious, and productive, they deserve the atten-
tion of modern science. (Page 21.)

African Yam Bean (Sphenostylis stenocarpa). This root crop from Africa
produces a nutritious seed, as well as edible tubers and leaves. It can be grown -
in inherently infertile, weathered soils where the rainfall is extremely high.
Although highly regarded among people of tropical Africa, the crop is virtual-
ly unknown elsewhere. It has received essentially no research attention or
recognition from agricultural researchers. (Page 27.)

Other Root Crops. In some rural areas of the world, native tribes eat
tubers harvested from wild legumes. Some tribes even cultivate tuber-produc-
ing legumes. Most of the species they use have been entirely neglected by
science, though the few that have been analyzed show a remarkably high
protein content—several times higher than that of the root cropg now eaten

throughout the tropics. The study and improvement of these little-known
~ plants should provide exciting and valuable research. (Page 32.)

For an additional example of root crop species, see: Marama Bean, Page
68. ' ‘

i
Pulses

_ Bambara Groundnut (Voandzeia subterranea): This African pulse is a rare
example in which nature provides a complete food. Although its seeds have




INTRODUCTION AND SUMMARY 11

less oil and protein than peanuts, they do have more carbohydrate and make
a well-balanced food with a calorific value equal to that of a high-quality
cereal grain. The seeds taste good and Africans often-prefer them to peanuts.
While extensive research attention has been devoted to the peanut, the bam-
bara groundnut has received almost none. Yet it can thrive in arid inferior
soils where peanuts fail, it resists pests and dlseases “and, 1f managed well, can

give hlgh yields. (Page 47.) .

Jackbean and Swordbean (Canavalia ensiformis and Canavalia gladiata).
Although their seeds are eaten in parts of the tropics, these hardy, vigorous,
-productive pulse crops are negligible contributors to the world’s food supply
 because the seeds contain compounds that retard humarl and animal growth.
If the growth-retarding toxins can be bred out or removed in coeking or
processing, the jackbean and swordbean would produce high-quality protein
in a wide range of climates and become major food sources for marginal -
7 reglons where other pulses cannot be pr@duced (Page 54. )

| Lablab Bean - (Lablab purpureus). One of the most ﬁr‘o}i—ﬁcof all legu-
-~ minous herbs, this plant is widely used as animal feed and as'a cover crop-in-
plantations of coconut, rubber, and oil palm. But, despite its ubiquitousness,

. its nutritious, hjgh-protein seeds remain a greatly undereprOIted source of
human food. (Page 59.) :

Marama Bean (Tylosema esculentum). Although it is a wild plant not pre-
viously cultivated, the plant’s-seeds have more protein than th& peanut and
more than twice the oil in soybeans. They also have a delicious flavor. The
plant grows in the dry Kalahari region of southern Africa—and given much
research it might become an important new oilseed crop for semiarid lands. In

“addition, it produces a huge, sugar-beet-sized, tuberous root that is sweet and
probably nutrmous (Page 68 )

Moth Bean (Vigna aconitifolia). An exceptionally hardy South Asian
legume that.thrives in hot, dry, tropical conditions, the moth bean produces
_nutritious seeds and green pods, leafy forage for hay or pasture, and a soil-
“building “living mulch” to complement orchard crops and to protect and

improve fallow land. Nonetheless, the moth bedn remains virtually untouched .
by modern science and unknown outside the Indian subcontinent. It has
characteristics that could make it valuable for torrid, semiarid regions
throughout the tropics. It is likely to prove very useful in extending agricul-
tural production jnto marginal regions—especially those bordering troplcal
~arid zones. (Page 75.)

Rlcq Bean (Vigna umbellata). This very productive Twmmg legume- f:;om ]
Indla groduces nutritious seeds. Although virtually unstudled heretofore it
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seems to offer much potential for widespread exploitation throughout the
wet tropics. A rapid-growing, fast-maturing plant, it can-be sown in rice fields
immediately following the rice harvest, where it will produce a crop of seeds
before the next rice-planting season: (Page 80.) |
. s o

Tarwi (Lupinus mutabilis). Although not/a crop for tropical temperatures,
tarwi has its native habitat in the high Andes straddling the equator. It is a
vigorouslys growing, prolific lupin whose seeds are as rich as soybeans in
protein and oil. Tarwi is not contributing to the world’s food needs because
" toxic alkaloids are also present in the seed. Plant breeders have recently
developed strains with almost no alkaloid. This opens the prospect for tarwi
to rise from obscurity to become a crop for cool troplcal highlands and for
temperate Zones. (Page 86.)

Tepary Bean /(Phaseolus acunfolms) Although little known elsewhere,
_tepary bean has’long been grown for food by the Indians of the southwestern
- United States and northwestern Mexico. It has the advantage of maturing

* quickly and of thriving in relatively arid and hot regions, as well as in sterile
soil. (Page 92.)

‘Tropical Lima Bean (Phaseolus lunatus). Viny varieties of the lima bean
are prohﬁc and have been much used as a forage in the tropics. They also
have potentlal importance as pulses, since they grow productively in tropical

rainforest areas where the soils are. thhly weathered and are mherently of low
fertility. (Page 97.) : —

Ye-eb (Cordeauxia edulis). This shrub, unknown outside the Horn of
‘Africa, has an exciting potential as a profitable cash crop for tropical arid
zones. Its seeds have a sweet, agreeable taste and have been compared with
macadamia and pistachio nuts. During the Sahelian drought of recent years,
ye-eb seeds were one of the few foods available in the Somali Desert; con-
sequently, nomadic tribes (and their livestock) have devastated the few native
stands remaining. Ye-eb is now threatened with extinction and deserves care-

ful protection and detailed testing in cultivation. (Page 103.)

For additional examples of pulse species, see:

African Yam Bean Page 27
Velvet Bean~  Page 293

Ao [}
Fruits

Carob (Cefatomh siliqua). The sugar-rich, mealy pulp containéd in carob
pods has for millenia been a favorite of people in hot, dry areas of the Medi-
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terranean basin. The: handsome, drought-tolerant carob tree deserves more

research and widespread exploitation in semiarid areas, for in addition to pulp

it provides.a chocolate substitute, high-protein flour, and an mdustrral gum,
~ as well as shade, beautification, erosion control, and forage. (Page 109.)

Tamarind (Famarindus indica). India is the only country to extensively
exploit thig,tall, spréading tree, a native of Africa now found scattered
““throughout the tropics. Though in commercial demand for centuries, with its
—products iow exported by Trdia all over the world ‘the tamarind rémains a
largely umrﬁproved and little-cultivated crop. Up to half the weight of a~
tamarind pod is pulp with a sweet-sour taste, much in demand for use in
sauces (e.g., Worcestershire sauce) and refreshing drinks. (Page 117.)

For additional examples of fruit species, see:

Erythrina - Page 257
= Honeylocust Page 129
Raintree Page 202

_ Forage

Forage Shrubs and Trees. Woody plants that prov1de feed for livestock are
now largely ignored in programs researching and developing 1mproved forage
for tropical regions. Yet browse shrubs and trees complement (and often
benefit) herbaceous pasture species and can be crucial to_the nutrition—even
the survival—of animals, especially during drought, when shallow-rooted
species shrivel to straw. Woody fodder species deserve much greater recogni-
tion and attention. Leguminoug trees able to fix nitrogen, and with protein-

* rich foliage, pods, and seeds and general robustness, are likely to enormously
benefit developmmtry\kvesloiprograms in the future. This chapter
presents some promising specres —others awa“ﬁ‘ drscovery and explortatron

i (Page 123))

Acacra ﬁrﬂlts "This  thorny, ﬂat topped bush is one, of _the,most dr, ught-

v foierant trees of semland *areas\of Afnca and the Mrddle East. Althoug(li now
“seldom cultivated, it could become “an extremely useful species for semiarid
- tareas worldwide, for it produces pods at a. raprdraieﬂtat;ate_eagerly snapped
- up by livestock and wildlife alike. It also stabilizes soil,’ refore?(\aﬂd hill-
f slopes and provides Jumber and excellent ﬁrewood (Page 13‘ )

~ Other F orage Acacias. Species of "Acacia are 1mportant as reserve foddet i in
several parts of the tropics and subtropics in arid regions. The leaves and the
nutritive pods are browsed or the trees are lopped to provide fodder. They are
also grown for shade trees and soil improvers and for bmdmg sand dunes or
controllmg soil erusron (Page 141.)
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Prosopis Species. These trees or shrubs of the Americas are drought resis-
=tant and well adapted to 11ght soils and arid regions of warmer climates. The

s

young foliage, as well as the pods and beans, are relished | by all Tarm animals

d can be browsed or lopped without causing much damage to the trees.

The wood is hard and valuable, and the ﬂowers are an excellent ‘honey ..
source. (Page 153) e o :

. _Fer add’ﬁonal examples of forage species, see: e
L4

Albizia lebbek S Page 177

- - Calliandra callothyrsus Page 197
Carob . Page 109
Cassia nemophila : Page 255

~ Enterolobium cyclocarpum .. Page 200
Lablab Bean ~ . Page 59
Moth Bean Page 75
Pterocarpus erinaceus Page 227
Rice Bean ~ Page 80

. Sananea saman ' Page 202
Sesbania grandiflora Page 185.
Sunnhemp , ‘Page 272

Fast-Growing Tftees

Acacia auriculiformis. A rugged, robust, but little-known tree of the New
Guinea area, this species has grown with exceptional vigor in.Southeast Asia in
‘ problem soils such as eroding hillslopes, mining spoil, laterite, and sand, as
well as in highly acid and alkaline sites: Although it produces crooked trunks
of little value for timber, the@%ood is suitable for pulp and paper products A
fast-growing species that deservgs, much increased testing, especially in trop-
ical savanna areas w1th long dry seaéons and poor soils. (Page 165.)

a2 """}ilbizid/ Si)‘eéiés ' g[ﬁ’elcie’s'f it Lfll;e gléﬁ'us Albizia are distmguished from Aecacia
by small differences. in floral structure. But whereas—as this report amply
) demonstrates—acac1as prov1de a wealth of trees and shrubs with exceptional
utility, Albizia species have received-little research attention. Nonetheless,
some members of .this genus appear to have exceptional merits, and this
chapter highlights some that grow with remarkable speed and prov1de soft-
e /woo,df {Pfodwmwas /wellfas others: that gt6% fiidté s “vlrl “and prod ll'c(e/ gl{ e

. Sesbama grandzﬂora This Southeast Asxan tree grows exceptlonally fast
and provides an’ amazing range of products: edlble leaves, flowers, and gum,
“as well as forage, firewood, pulp and paper, and green manure. It is also-used
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as a shade tree, omamental, nurse crop, and living fence: It 'has extraordi-’

narily prolific nodulation and could become valuable for vﬂlage use and for
large-scale reforestation throughout much of the tropics. (Page 185)

Other Fést-Gering
colonize newly cleared

need for reforestation, erosion contro)g ﬁrewood and paper, as well as other
wood products in develoguﬂg countries, many such leguminous trees are worth
widespread testing, Thﬁ chapter mghhghts nine exceptlonal candldate& "(Page
193.) ‘ . .

For additional eXamples of fast-growing tree species, see:

Acacia pendula Page 146
Acacia tortilis Page 136
Leucaena leucocephala Page 131
: Moldenhauera floribunda Page 259
, - Other Forage Acacias ' - Page 141
Peltophorum Species ~ PRage 260 .
Pithecellobium grandiﬂomm Page 261
Prosopis Speqes . Page 153

Luxury Timbers

Afrormosia (Perzcopszs elata) ThlS large eye catchmg tree produces a
, that rivals teak in quality. It deserves testing in plantations throughout
_the u mid troplcs Qge 211) - - - o

Intsia Species. These trees from Southeast Asia and Melanesia produce ’

highest-quality furmture woods that can be, substltuted for walnut. Demand
for the wood already far exceeds the supply. Slow growing, but well worth
~ testing in Africa, Latin America, Oceania, and elsewhere. (Page 216.)

Pterocarpus Species. Pthppme narra (Pterocarpus indicus), which gives

prime-grade timber highly regarded in Southeast Asia, is large and straight

o M,I});nked Little is yet known about growth rates or general silviculture of this

promising species. Other Pterocarpus species are native throughout the trop-
ics, produce similar luxury timbers, and also deserve research. (Page 221.)

Rosewoods: Some'of the classic furniture and finest veneer woods—

“renowned for vivid colors, striking grain, and exceptional technical proper-

ties—rosewoods come from spemes of Dalbergza slow-growing leguminous

. Many woody legumes are pioneer species that
~Fp outdo the competition, they grow fast and. .~
are very precocious and vig@roys trees that nodulate well. Wlth the desperate -

™~
",

ey
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trees that are being harvested to commen\:lal extinction. This chapter.hlgh
lights a dozen species from all parts of the tropics that deserve exploratory-
silviculture to find if they can be cultivated. Page 231.)

\
Y
Y

Y >

3 chers LN

Ornamentals. Cleanliness and beauty can be important factors in leading
people to take pleasure in, and thus respect, their enyironment. In this
_process, plants carefully” chosen and posmoned and well cultivated play an
important role. This chapter describes some beautiful leguminous species that
should be far more widely known and more extenswhly plantcd (Page 239.)

For additional examples of omament:{l species;see:

: Acacza aurzculzformzs\ Page 165

Acacia penhz« ) . Page 146
Acacia senegal - Page 279
Acrocarpus fraxinifolius Page 195
African Yam Bean Page 27
Apios ameticana - Page 40
Calliandra callothyrsus ~ Page 197
Cassia sturtii ~ Page 124
Lablab Bean ' Page 59
- Pterocarpus SpeCleS Page 221
-Raintree . ~ - - Page 202
Rosewoods - Page 231
. Schizolobium parahyba  Page 204
Sesbania grar_zdiﬂora - Page 185
EX Tipu‘aha?‘tipu" Ly Phge 205

Sunnhemp (Crotalaria juncea) Sunnhemp is grown for ﬁber or as a green
- manure. Because of its strong tap-root system, it thrives in poor soils and
relatively arid regions. Sunnhemp fiber is valued and in great market demand,
and intensive research on this crop could lead to marked expansion in its ~
cultlvatxon (Page 272.)

-, Gums.- Many legumes produce"copioQS"quantitries of water-soluble muci-
laginous carbohydrates. In. some species such gums are found within the
seeds, but in woody species (¢.g., acacias) the gum exudes from the bark
when it is damaged. For centuries these gums have been used in foods and
medicines and today they are in great demand by food and cosmetics indus-
tries. -Several species with excep‘uonafpronuse as gum Crops are hlghhghted "
in this chapter. (Page 278.) /

4
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qu{;additional examples of gum species, see: '

Acacia auriculiformis Page 165

.

Acacia seyal Page 150
Acacia victoriae ~~  Page 148
Albizia Species . Page 171
Carob Page 109
Sesbania grandiflora  Page 185
Tamarind Page 117

-
- Green Manure, Soil Reclamation, and Erosion Control. As already noted,
* Rhizobium bacteria in the root nodules confer on many legumes the power of
nitrogen fixation. This allows legumes to survive, grow, and dominate other
‘vegetation on refractory sites subject to erosion, low fertility, and similar
~adverse soil  conditions. Legumes can help spearhead the fight to stop the
_-erosion now.prevalent in the tropics and can help rebuild the soils already
 damaged "and degraded. ‘Some exceptionally innovative and successful ex-
. amples of using them this way are pictured in the chapter. (Page 292.)
S ¢ ‘ b
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Yam Bean

Yam beans,* like potatoes, yams, and manioc, producé a fleshy under-
ground tuberous root. But yam beans have the legume family advantage: the
thizobia in their root nodules make nitrogenous compounds available to the
the plants and even enrich the soil in which they are grown.

Yet yam beans remain a primitive crop. There has never been a concerted
effort to advance it, despite the fact that root crops are much in demand
throughout the tropics and that yam beans grow easily and resist pests. Fur-
ther, they grow well in the difficult environment of the hot wet tropics (such
as the Amazon Basin) and, with their succulence and crunchy texture, appeal
to most palates. They are increasingly ‘exported from Mexico to the United
States in part to supplement scarce water chestnuts used in Chinese cooking
and as a low-calorie snack food. , .

Two edible yam beans are known. Pachyrhizus erosus is nitive to south-
western Mexico, Pachyrhizus tuberosus to the Amazon headwater region of
South America and to parts of the Caribbean. Centuries ago, P. erosus was
carried to Asia with the Spanish galleons that annually voyaged from Mexico
to the Philippines; it became a favorite crop of Chinese market gardeners
throughout Asia. In 1889, the Royal Botanic Gardens at Kew dlstrlbuted P
tuberosus widely throughout tropical British colonies, but today, though it is

*Pachyrhizus erosus (L.) Urban and Pachyrhizus tuberosus (Lam.) Spreng. Sometimes
spelled Pachyrrhizus. Not to be confused with the African yam bean, Sphenostylis steno-
carpa (see next chapter). Also known as Mexican yam bean, jicama (Mexico), ahipa
(South America), dolique tubereux (French), pais patate (French), knollige bohne (Ger-
man), fan-ko (Chinese), sankalu (India), sinkamas (Philippines). Subfamily: Papilio-

mmememmans J1OIAEAE.
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Yam bean seller, Guanajuato Mexico. (Instituto Nacional de Investigaciones Agricolas
- SARH, Mexico)

a favorite food in the West Indies, it is apparent]y little known in Asia, Atrica,
Oceania, and most parts of Central America. - ,
~ The two species differ only in size: P }llb(’}'().\'US produces much larger
roots (some botanists have speculated that it is perhaps only a variety of P
erosus selected for cultivation because of its large roots). '

Yam bean plants are among the most vigorous-growing legumes. They are
coarse, hairy, climbing vines that grow rapidly, can reach 5 m in length,
and bear many beautiful white or violet flowers. Although they grow well in
locations ranging from subtropical to tropical and dry to wet, for good yields
they require a hot climate with moderate rainfall.* They tolerate some

W

*By starting the sceds indoors during the spring, yam beans have been grown successtully
even in temperate climates (e.g., Massachusetts, USA).

~E
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Yam bean field, contral Mexico, (C.A. Schroeder)

drought but are sensitive 1o frost. As with other root crops. the soil should be
ght and well dramed so as not to restrict tuber growth or encourage fungal
tot. The plants are casily propagated by seed and. except for good manuring
of the soil before planting and then staking., require little attention.

When the plants are propagated from seed. 5-9 warm months are needed
to produce large tubers. but propagating the crop using small tubers greatly
reduces the growing time. In warmer parts of Mexico with light, rich soil,
mature tubers are commonly harvested after only 3 months.

In some areas, to encourage large, sweet roots, the flowers are plucked by
hand.* This doubles:the vield of the roots. Yields average a respectable 40-50
t per ha throughout Mexico's Bajio region and Morelos State (where about

.

4,000 ha are planted cach year). ¥ In experimental plots, staggering yields of
T 80 or 90 t per ha fave been reported from Mexico. the Philippines, and
“Indonesia.

4

The brownish tubers are either sugar-beet shaped or long and slender,
weighing up o 3 kg, They have a thick, tough skin that peels off easily,
exposing the white flesh beneath, which is crisp and succulent like that of
an apple, with a sweet, pleasant flavor. Yam beans are often sliced thin and
caten raw in green salads (sometimes sprinkled with salt, chili pepper, and
Jeman juice) or in fruit safads (combined with such fruit as melon, water-
n'lcl'(,)n,. and papaya). They are also sometimes lightly cooked. Unlike most
other root crops, the crunchy texture is retained even after cooking. In gen-
eral, the tubers are handled, stored, and marketed like potatoes.

The plant forms clusters ot irregularly shaped root nodules. It is associated
with the general “cowpea-miscellany” rhizobia.

s

*In cquatorial regions thiis appears unnecessary, for the tuber 1s already formed before
flowering begins.

T Intformation supplied by LA Laborde €. and A. Diaz A. Sce Research Contacts.
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Pachyrhizus tuberosus growing vigorously in the Amazon
near Manaus, Brazil, (W. Kerr)

Limitations

Only the tuber is safe to eat. Leaves, stems, roots, ripe pods, and seeds
possess insecticidal properties and can ‘also be toxic to humans. In Central
America immature pods are sometimes eaten,* but care and experience are
necessary to avoid toxic effects.

Yam beans require well-drained soils and- respond to applications of fertil-
izers. When they are planted in the same plot‘for several years, it is necessary
to add compost or fertilizer to maintain productivity.

Some foliar diseases are known: bacterial spot and two fungal diseases
have caused minor to severe damage in Mexico. Insect damage is very slight,
possibly because of the presence of insecticidal. compounds. In the field, the

*They are actually rcported to be one of the most delicious green beans to be found in
Philippine markets.




-

YAM BEAN : : o . 25

“roots are sometimes attacked by boring insects. Sioring the roots can be a
special problem due both to shriveling and pests. , -
Although on a dry weight basis the roots contain 3-5 tlmes the proteln of N
other root crops (such as cassava, potato, sweet potato, and taro), the fresh :
roots have an unusually hlgh moisture content, which decreases their nutritive
- value; the proportion of sohds in fresh yam beans is only about half that in
". other tubers o )

N

L)

| «-ilésearch_Needs

\

Q2

‘To provide the basis for the rational development of yam beans, a Latin
American agricultural research institution should stimulate comprehensive
- germ plasm collections throughout Central and South A'merica.

‘The plants now cultivated show a wide diversity of characteristics. Over
" the extensive geographical area where they are cultivated—from Mexico to the
. Andes—yam beans are produced in many different environments from sea .

~+ level to as high as 2,000 m; in semiarid and wet, humid regions; in poor soils
“and rich soils. It should be possible to take advantage of the yam bean’s
- adaptive traits and—given a comprehensive germ plasm-collection—to select
~ varieties with superior yield, root characteristics, nutritive value , pest and !
disease resistance, and otber agronomic characteristics.* Spec1al attention
should be given to differences in tuber-protein content and pe,rhagis quality; it
seems likely that types with exceptional protein levels will be found.

(Because in tropical environments the seed remains viable for only 3 or 4
years, "duplicates of all seed collections should be housed under controlled
temperature and humidity at a modern seed bank (perhaps at the Centro
Internacional de Agricultura TFropical in Cali, Colombia).

Methods used“for growing yam beans throughout the Central and South
~ American region should be reviewed, and concerted research programs or:
ganized to apply modern- agronomic knowledge to yam bean production.
Spacmg, fertilization, irrigation, and other cultural trials are needed. The
knowledge gained will have Value for millions of peasant yam bean farmers

'througﬂout the hemlsphere T e ' ..
" Yam beans deserve to be more w1dely introduced in Afnca Asia, and
Oceania. Agronomlsts in these areas are encouraged to communicate with the
researckFeontacts (page 26).

.

*A start on this has already been made in Mexico where two new cultivars, Aguaduice*

and Cristalina, .are rapidly replacing the creole types formerly grown. Information sup-
plied by J.A, Laborde C. and A. Diaz A. See Research Contacts

tAn extensmn pamphlet (in Spanish) for MeXican farmers that explains how to plant.
and cultivate yam beans is available from Instituto Nacional de Investigaciones Agrlcolas
Celaya Mexnco See Research Contacts '

»
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New World agronomists should also investigate Pachyrhizus species other

than P. erosus and P. tuberosus. 1t is possible that useful varieties await
discovery. : e

. Their high moisture: content makes yam beans shrivel and lose condition
more quickly than other root crops. Improved storage and transportation
methods are needed and perhaps cultivars with thivker epiderm.

The nodulation requirements of Pachyrhizus should be studied in detail. -

Se‘l‘ected Revac?lings | ' | .

A yam bean bibliography, with more than 120 entries, is available from C. A. Schroeder,
and 4 set of notes summarizing botanical and agronomic knowledgé is available from

- J. A. Duke (addresses below). _ .

Bautista, O. D. K., and T. G. Cadiz. 1967. Sinkamas in the Philippines. In Vegetable
Production in Southeast Asia, cds., J. E. Knott and J. R. Deanon, Jr., pp. 301-305.
University of the Philippines, College of Agriculture, Los Banos, Laguna, Philippines.

Boutin, F. C. 1974. Two jicamas, Exogonium bracteatum “and Pac/wn'hizus erosus.
California Horticultural Journal 35(4):159-161.

Clausen, R. T. 1944. A Botanical Study of the Yam B()&Hs {Pachyrrhizus). Mcmmr 764
Agricultural Experiment Station, Cornell University, Ithaca, New York. 38 pp.

Diaz, A., A. 1977. EI Cultivo de la Jicama en el Estado de Guanajuato. Campo Agricola
Experimental, Bajio, Apartado Postal No. 112, Celaya, Guanajuato, Mexico.

Evans, I. M., D. Boulter, A. R. J. Eaglesham, and P..J. Dart. 1977. Protein content and
protein qualuy of tuberous roats of some legumes determined by chemical muthods
Qualitas Plantarum/Plant Food for Human Nutrition 27(3/4):275-285. °

Heredia, Zepeda, A. 1971, Efecto de la desfloracion de la jicama sobre el rendimiento.

Proceedings of the American Soc:en for Homculture Saence Tropical Region .

15:146-150. 2

Kay. D. 5. 1973. Root Crops. Tropical Products Institute, 56/62 Gray’s Inn Road,
London WCIX 8LU, England. pp. 240-245.

Pinto Cortes, B. 1970. Cultivo de la jicama. Novedades Horticolas 15: 31-34.

- Purseglove, J. W. 1968. Tropical Crops. chorvledons[ John Wiley and Sons, New York.
pp. 281-284.

Schroeder, C. A. 1967. The jicama, a root crop from Mexico. Proceedzngs of the Amer-

ican Society for Horticulture Science, Tropical chmn 11:65-71. (Reprints available -,

from the author, see address below.)

" Sinha, R. P., R. Prakash, and M. I'. Haque. 1977. (JenLtIL variability in yam bean (Pachy- -
rhizus erosws Urban). Tropical Grain' Legume Bulletin 7:21-23. (Published by the

International Grain Legume Information Centre, see address below.)

Sinha, R. P., R. Prakash, and M. 1. Haque. 1977. Genotypic and phenotypic correlation,,

studies in yam bean (Pachyrhizus erosus). Tropical Grain Legumes Bulletin 7:24-25.

Srivastava, G. S., D. S. Shukla, and D. N. Awasthi. 1973. We can grow sankalu. 1}ithe

plains of Uttar Pradesh. Indian Farming 23(9):32.

The Tropical Grain Legume Bulletin often contains short articles.and abstracts:on yam
beans. The Bulletin is available from the lnternatlonal Grain Legume lnformatlon
Centre (see address below). .

R

v
. &)g
/

Research Contacts '

¥

Yam nbean seeds (usually listed under the name jicama) are available from several large
seed.and nursery firms in the United States.

|
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Centro Internacional de Agricultura Tropical, Apartado Aereo 67-13. Cah, Colombia (R.
A. Luse and L. P. Song)

Dcpdrtmmt of Brology, Untversity of Califoenia at Los Angeles, Los Angeles, Calitornia
90024, USA (Charles A. Schroeder) _

Department of Botany, University of the Philippines at Los Barios, College,~ Laguna,
Philippines (G. C. Lugod) .

International Grain Legume Information Centre, International Institute of Tropical

- Agriculture, P.M.B. 5320, Ibadan, Nigeria

Instituto Nacional de Investigaciones Agricolas (INIA), Apartado Postal No. 112, Celaya,
Guanajuata, Mexico (J. A. Laborde C. and A. Draz A))

lnstltuto Nacional de Pesquisas de Amazonia® Caixa Postal 478, ‘Vianaus Amazonas,
Brazil (Warwick E. Kerr, Director, and H, Noda)

Mayaguez Institute ofTropual Agriculture, P.O. Box 70, Mayaguez, Puerto Rico 00708

National Botanic Gardens, Lucknow, Uttar Pradesh, India (G. S. Srivastava, D. S. Shukla,
and S. N. 'Awasthi)

NitTAT Drnior\f Tlnivercity (\F
Nttt AL CTU 00, UIuvoisty Ul

Whitney and P. Woomer)

Plant Taxonomy Laboratory, Plant Genetics and Germ Plasm Institute, Beltsvﬂle Mdry
land 20705, USA tJames A. Duke, Chief)

Dr. M. R. Vlllanueva Secretary, Philippine Root Crops Research and Training Center, 8
Lourdes St., Pasay City, Philippines
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African Yam Bean

So little is known about the African yam bean* that virtually ndthing has
been written about it—or at least nothing more than a handful of sketchy
summaries. Yet it is an important crop in much of western Africa. Below
ground it produces small tubers that look like elongated sweet potatoes but
that contain more than twice the protein in sweet potatoes ‘or Trish potatoes
and more than 10 times the amount in cassava rooOts (manioc). Above ground
it produces good yields of edible seeds.

- The plant is a vigorous vine that climbs and twines to heights over 3 m.
With its prolific spattering of large flowers—pink, purple, or greenish white, -
depending on variety —it makes an attractive ornamental. The plant is/fp,uﬁd

*Sphenostylis stenocarpa (Hochst. ex A. Rich.) Harms.-Known in‘/Nigéﬁa as girigiri.
Subfamily: Papilionoideae. ) , v /

7
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African yam bean, southeastern Nigeria. (D. L. Plucknett)

growing wild through much of tropical Africa’and is common in central and
western Africa, especially in southern Nigeria. (Reportedly, it is also cul-
tivated in the Ivory Coast, Ghana, Togo, Gabon, Congo, Ethiopia, and parts
of East Africa.) It seems little affected by altitude and flourishes at elevations
from sea level to 1,800 m. It grows well even on acid and highly leached
sandy soils of the humid lowland tropics. Although slow to set seed (Nigerian
genotypes average 86 days to first flowering and 140 days to first ripe pods),
it flowers and forms its slightly woody pods (up to 30 cm long and containing
20-30 seeds) continually year-round after that. The seeds are delicious and
in western Africa are often preferred over other grain legumes. The seeds
“have crude protein levels varying from.21 to 29 percent—lower than soy-
bean (38 percent), but amino acid analyses indicate that the lysine and
methionine levels in the protein are equal; to or better than, those of soybean
(see Table 1) For example lysine may comprise up to 8 percent of the

{
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protein, and methionine and cystine - together may comf)rise 24 percent._

The seed’s carbohydrate content is about 50 percent, and fiber 5 or 6 per-

cent. The dry beans are usually eaten alone, or with yams, maize, rice, or in
. soups. I

“ “TABLE1  # -
= Lysine  Methionine !
) " _African yam bean* .~ 7.53 1.22 ©
African yam bean** 8.02 1.07
African yam beamL 6.8 1.9
Soybean 6.6 _ 1.1

Low concentrations of the amino acids lysine and
methionine limit the nutritive value of many proteins.
But in the seeds-of the African yam bean they are at
least as high as in soybeans. (All figures are expressed as .
g per 100 g of protéin.)

*Evan-s and Boulter. 1975.
**QOkigbo (see Research Contacts). Private communi-

cation.
K tBusson. 19685.

It would seem that, with research, ‘the African yam bean may y1eld as
. much ‘seed as other pulses. From a germ plasm collection (63 lines) at the
~ International Institute of Tropical Agriculture, Ibadan, Nigeria, the most pro-
~ductive line yielded 1,860 kg of seed per ha. At Nsukka, seed yields of 2,000
~ kg per ha have been recorded.
But it is the below-ground yield that is of greatest immediate interest. The
~ spindle- shaped tubers are often small (5-7.5 cm long, weighing 50- 300 g).
Their white flesh is eaten raw or cooked like potato, which it resembles in
~ taste. But whereas common potato vanet‘ies average 5 percent. protem tubers
? of the African yam bean vary from 11 to "9 percent.* -The remammg com-
ponents of the tubers combine to make them a highly nutritious food: carbo-
hydrate comprises 63-73 percent and fiber 3-6 percent of the tuber.
-« Tuber yields vary. between cultivars. Some produce none, others produce
' uptoOSlegperplant}L ‘
“The plant can be propagated both by seed or by tuber [

7\

R 4

leltatlons

Aghough little is known about the- Afncan yam bean it seems to demand
a humid tropical chmate with well-drained soil "

The plant is normally grown on a support. African farmers use trellises or
stakes, often the same stakes that support yam vifles (Dioscorea -species).
However, some recent tests in ngena suggest that the plant grows and yields
tubers satisfactorily even when unsupported.} '

*Both measured on a dry weigbt basis, to eliminate moisture differences betweerr samples. '
tInformation supplied by B. N. Okigbo. See Research Contacts.
, $Information supplied by K. O. Rachije. See Research Contacts.
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o |
#yam bean tuber. (International Grain Legume (‘entrc,\lbadan, Nigeria)

\

\

A
\

The tubers take from 5 to 8 months to mature to a size that justifies -
harvest. With current cultivars, yields are usually low, feaching about 4 t per.
ha under favorable conditions.

- ‘Before the dry beans can be eaten they must be softened by soaking for
several hours in water; even then they may require a cogking time of many
hours,
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An unidentified yellow mosaic virus that attacks the plant has been ob-
served at ‘the International Institute of Tropical Agriculture, Nigeria. Fungal
diseases are also khown and, like most legumes, the plant is highly susceptlble
to nematode damage. :

Research Needs

[

g

So little is known about the African yam bean that, to benefit the large
numbers of Africans who grow and eat it,.a commijtment to research is
;\ essemtlal There appear to be many avenues of research that can help make
the bean easier to grow, more productive, and more nutritious. For instanc
nothing is known about natural varietal differences. Important opportunltles\

for genetic improvement ‘(particularly: for’ mcreasmg tuber-size) thus remain -

‘untapped. ~ o
‘ - Germ plasm collections should be made throughout Africa, since farmers
are gradually switching to crops that are given more agricultural extension

" than the African yam bean; without such collections the 1oss of vak:rabr geno-

- types seems inevitable. . :

Because the: African yam bean has not been subject to concentrated re-
search, the onty known way to manage it is by use of the method tradltlonally
employed in"Africa. Since this is always in mixed culture and scattered in
small plots, it provides few guidelines for managing the crop more mtenswely |
Agronomic trials to optimize production of the crop in the field are needed as
well as information on planting, cultlvatmg, pest\ggld disease control, and
harvesting. : :
~ Although little is known"dbout the plant’s enwronmental tolerances, it is
recommended for small-scale trial cult1vat1on in tropical regions outside its
native habitat,

The long cooking t1me is a barrier to the plant’s more widespread use as a
pulse ‘crop. Home economics research to reduce this, and to develop more
recipes for both seeds and tubers, is much needed.

s

Selected Readings
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Africain (Etude Botanique, Biologique et Chimique). Leconte, Marseille, France. pp.
245, 247-248, 252, 254-255.

Evans, -L.M., and D. Boulter 1974, Amino acid composmon of seed meals of yam bean
(Sphenostyhs stenocarpa) and lima bean (Phaseolus lunatus). Journal of the Science

A,Of Food and Agriculture 25:919-922.

Evans, I. M., D. Boulter, A. R. J. Eaglesham, and P. I. Dart. 1977. Protein content and
protein quahty of tuberous roots of some legumes determined by chemical methods.

Qualitas Plantarum/Plant Food for Human Nutrition 27(3/4):275-285.
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Kay, D. E. 1973. Root Crops. Tropical Products Instltute 56/62 Gray’s Inn Road
London WC1X 8LU, England. pp. 1-3. :
Okigbo, B. N. 1973. Introducing the yambean Sphenostylis stenocarpa (Hochst ex,A.
Rich.) Harms. In Proceedings of the First IITA Grain Legume Improvement Workshop.
29 October-2 November 1973, Ibadan, pp. 224-238. International Institute of*
» Tropical Agriculture, Ibadan, Nigeria. (Copres available from the author, see address
 below.)
The Tropical Grain Legume Bulletin often contains short articles and abstracts on
" African yam bean. The Bulletin is available from the lnternatlonal Grain Legume
Information Centre (see address below) :

- Research Contacts .

) Department of Crop Science, University of Nrgena, Nsukka, Anambra; Nigeria (Prof. F.
0. C. Ezedinma and Dr. J. N. C. Maduewesi)
. ‘E V. Doku,Crop Science Department, University of Ghana, Legon, Ghana
- '*""'"f»lntematlonal Grain Legume Information Centre, Internatlonal Institute of Troplcal
. Agriculture, P.M. B. 5320, Ibadan, Nigeria (E, N. O. Adimorah, Documentalist)
. -S.N. Lyonga, P.M.B. 2§, Buea, Cameroon
T BN 0k1gbo, Deputy Director General, International Institute of Tropical Agriculture,

. P.M.B. 5320, Ibadan, Nigeria
—‘1( “O. Rachie; The Rockefeller Foundation, 1133 Avenue of the Ameneas New York

~New- Yo:k 10036, USA

Other Root Crops

& .
T . \
~

Many legumes that produce edible tubers grow in the humid tropics and
subtropics. Most are wild plants whose cultivation has never been attempted,
though some palatable species or varieties may have been selected by in-
digenous peoples. It seems probable that, with research, at least some of these
legumes could become valuable food crops. To agronomists and nutritionists
they offer exciting and interesting research challenges. ‘ ~

- Tuberous legumes provideé useful, edible products in s1tuatrons unfavorable ~
‘to fruit and seed crops. This is especially important in the humid lowland
tropics where constant rain and humidity provide ideal conditions for insect
pests and diseases, whlch often prevent frurt or seed from. developing. For

. o 1, )
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example wrtually all pulses (see next section) flower and fruit poorly durmg
Tamy humid weather. o

" Another advantage of root crops is that their harvest can sometimes be
extended over a long period, thereby reducmg or eliminating storagg prob-
lems.

~ Nonleguminous toots such as cassava (manioc), sweet potatoes, and yams

-are staple foods, particularly-in humidt_trqpifcraf lowlands. Nutritionally they
provide energy and some minerals, but are seriously deficient inprotein. This
lack has tragic consequences, espe’cially for weanling children. The abrupt
change from breast milk toizpot crops and other starchy staples deprives them
of the protein needed for developmg brains and bodies to their fullest and
healthiest potential. , Sy f|

~ Butlegume tubers reap the benefit of nitrogen fixation< they are protein

_rich, Thus, the exploitation of legummous tubers offers a way to integrate

" into estabhshed root-crop dlets tubers that are miich more nutntrous
habltats * Many are decreasmg in use because newly 1ntroduced rfoot crops—

'''' —the beneficiaries of much researc}i —are more easily cultlvated and more pro-
ductive. The legumes’ protein contributions are bemg dlSplaCCd largely be-
cause of the neglect of the research community. \.

Tubers included in-this chapter have barely been subjected to the most
basic analysis; the few that have been studied show protein contents at least
double that of standard vanetres of potato and sweet potato (see page 39).
-‘The winged bean has tubers with 4 10 times the protein of conventional root
Crops. : S

Literature reports (mostlyaﬂthropologlcal) suggest that the tubers are not
- toxic and that, though they may be fibrous, rnost are riot acnd or uf-
-palatable. ‘

? Many of these plants survive in the wdd in leached, infertile soils and have
promise as crops for marginal areas. ‘

The whole topic of leguminous root crops calls for concentrated research
by anthropologlsts botanists, agronomists, plant breeders, nutritional bio-
chemists, and food scientists. The potential for increasing protein supplies in -
the tropics through such research is compelling.

A selection of specresT that seem to warrant v1gorous research attention
follows.

r .
J

*T}us chapter lncludes legumlnous tubers that.uare (or were) basic foodstuffs of North
‘American Indians, New Guinea highlanders, other Melanesians, hill tribes of northemn
l&a, and. Ambos (Namibia). The marama bean (see page 68), a multlpurpose legume ..
.. with tuberous root, is harvested by several peoples of the Kalahari reglon of southern
Africa. The root of the common runner bean (Phaseolus coccmeus) is often eaten by -
Central American Indians. o
1'All species ‘mentioned in this chapter belon’to the subfamlly Pap)honondeae I |
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- The Winged Bean
The outstanding promise of this plant,* a native of New Guinea and South-
‘east Asia, has been dealt with in detail in a companion report.f Above ground,
it produces edible leaves, shoots, flowers, and pods as well as seeds whose
composition virtually duplicates that of soybeans. But the winged bean also
provides a root \?egetable "Not all its varieties produce tubers big enough to
merit: cultivating; but edible winged bean tubers are common in both Burma
and the central highlands of Papua New Guinea.
The tubers are like early-season potatoes. Their flesh is white and firm, and '
s neither acrid nor fibrous. As trad1t1onally prepared in.Papua New Guinea
(roasted in embers), they have a pleasant, slightly nutty flavor. '
The most impressive feature of winged bean tubers is their protein
content Cassava averages 1 percent.protein and potatoes SW -
- yams 3-7 percent, whereas winged beantubers average 20 percent.
.é/—lFuberTréldT «ﬁlﬁ',\mlent to over 11,000 kg per ha have been measured in
hrghland village 7glots in Papua New ‘Guinea. :t

‘- Vigna vexi}lata

A twrm g vine or prostrate herb the WLdely d1str1buted Vigna velelata§

is found n tropical Africa, Asia, and Australia. It produces large, th1ckened_,,
ed ble tybers. Although well regarded as a pasture cover crop, green manure
an ergsion comtrol plant, its cultivation as a root crop has not been at-
tempt’ d; tubers lare now collected entirely from wild specimens. No detailed
.study of the dis ribution, ecology, life cycle, or economic potential has ever
bee " publrshed But it could becOme a valuab‘Ie vegetable in areas where the

other slowly matunng root crops. It couldlalso prove useful‘for the vast :
ropical ‘areas having lateritic soils. The study of this plant is wide open; it
could provide many exciting and valuable student research projects. .
In Africa, the tubers are used particularly in times of- scarcityy;. from )
/. Senegal to South Africa. In ‘Australia the plant! grows in the far northemn
monsoon regions w1th heavy summer rainfall (1 250-1,500 mm) followed by

*Psophocarpus tetragonolobus (L.) DC.
1National Academy of Sciences. 1975. , _ T
" $Khan, Bohn, and Stevenson. 1977. ' ' )
§ Vigna vexillata (L.) A. Rich. The plant has been classified under at least 15 different
g(})‘tamc names including Vigna capensis auctt. non (L ) Walp and Vtgna senegalensz A,
ev R L e YA B T 503 a0
ough this plant appears to have the character1st1cs of Vzgna velelata it has not yet

- beén formally classified by taxonomists. (Information supplied by N.'B. Bymgs and
- C. Dunlop. See Research Contacts.)
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Winged bean tubery in a roadside market, Mt. THagen, Papua New Guinea. (N.D. Viet
meyer)

Protein-rich tubers of Vigna vexillata. (Nutional Bureau of Plant Genetic Resources, New
Delhi, India)
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?

and*ahmunous s011s / at are very infertile. It is a traditional and highly prized
. In—Asia, Vlgna vexlllata (known as “wrld mung”) is

reglon *

n’*a]or pests in the humid tropics. It yields dark green

- 'seeds the size of large mung beans. The roots develop abundant nodules-and

ts are excellent proneers for sterile land.- They cover the ground

Although several other species of the gerrtgf/\iéﬁéi‘fumish edible tuberous
roots, little isknown about any of them, and we can present little more than,

/ the following brref list.

Vigna ‘lanceolata Benth. A perennial legyrne that grows in aHU‘vi" areas
throughout tropical and subtropical Australia. The sweet, mealy, pargnip-like

 root (30-40 cm long) was said tg be one of the best indigenous vegetables

available to early European settlers. The foliage is palatable to livestock. The
tubers-are still much eaten by Aboriginals. ‘ N A

- Vigna lo%atzfolia Baker'(sometimes called Vigna dinteri Ha

little-known perennial vine is native to Namibia (South West Africa)} Angola,

v

. and extends into the central Kalahan in Botswana. It has seldom been col-

—fected by botamsts and has never-been studied by agronomists. Yet Vigna

lobatlfolza grows long, narrow-branched roots (up to 60 cm long) along which
are spaced potato-sized swellings. These fleshy swellings are widely eaten by .
the Bushmen-and Ovambo peoples. They are edible raw or cooked and are’

* mild-flavored, crisp, have some fibers, and make a pleasant and’ satisfying

food. Vzgna lobatifolig tuber is remarkably rich i in protern 15 percent .} This
is a plant whose ¢ ltrvatron seems worth attempting.

~ *Chandel, Arora, ang Joshi. 1972. .
- tWehmeyer, Lee, and Whiting, 1969.

3
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Vigna marina (Burm.) Merrill (also known as Vigna lutea[Sw.] A. Gray). |
Very widely distributed in tropical Asia, northern Australia, and Oceania. In
north Queensland Aboriginals roast and eat the tubers.

Vzgna ambaceensis Welw. ex. Bak. Natlve to tropical Africa. Tubers are re-
portedly eaten in Zaire.

Vigna fischeri Harms. Cameroon to Kenya, Sudan to Zambja and Malawi.
Tubers are reportedly eaten in Malawi. R
Vigna reticulata Hook.- f. Tropical Africa and Madagascar. Tubers are re-
- portedly eaten in Malawi and Zaire.

~

Flemingia vestita

Found growing wild along the length of the Himalayan hills (between
1,500 and 1,800 m), Flemingia vestita* has been brought under cultivation
by native peoples of Meghalaya (Assam) in northeastern India. Its small, some-
what juicy tubers (3-6 cm long) can be found in the local markets in the
Khasi and Jaintia hills of Meghalaya (1,500-1,800 m), where it is grown as a
rain-fed crop. Its delicate skin is easily washed off, exposing the smooth,
soft, creamy white flesh that has a sweet, nut-like flavor. The tuber is a rich
source of iron and phosphorus and contains*more than*3 times the pro-
tein of cassava, the most widely.grown root crop in the tropics.

Reported as bemg exclusively wild a century ago, it is now so rehshed and
sought after by tribal people in Meghalaya that it has become a cultivated
cash crop of the area. The tubers take 7 months to mature; yields of over
3,000 kg per ha have been reported.f B |

Despite the increasing demand for this crop in | recent years, it has been so
neglected by agronomists and. economic botanists that in all the literature
there is only one research paper that deals with it specifically.t Like the other
leguminous root crops in this chapter, this is a plant whose cultivation de-
serves thorough testing under controlled conditions.

Psoralea Species

In central Australia are found two species of Psoraleaf that grow in the
most adverse, dry conditions. Each produces edible tubers with agreeable

*[lemingia vestita Benth, ex Bak. (also known as Moghania vestita [Benth. ex Bak.]
0. Kuntze). ' ) :

tSingh and Arora. 1973. -

{Psoralea patens Lindl. and Psoralea cinerea Lindl.

-
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. Tubers of [:‘[ezm'ngia vestita. {R.K. Aroru)
flavor and texture. Tubers of Psoralea patens contain 5 percent protein, and
those of Psoralea cinerea 5-71 percent protein (dry weight). Both deserve re-
search: Germ plasm should be vollected and exploratory cultivdtion trials
conducted.

In the midwestern region of North America early white settlers discovered
the value of the tubers of Psoralea esculenta* which many Indian lribcg‘,
considered a special delicacy. An early explorer sent samples back to France,
convinced that, like the potato, it would become an important cultivated
crop in Europe. o

The tubers, often called prairie potaioes, are usually the size of hen’s eggs,
though they can grow the the size of a large carrot. The Indians utilized them
as we use potatoes today. Dug when the tops began browning, the tubers
were peeled and then boiled or baked. Prairie Indians used the plant

" extensively because the flesh of the tuber dries quickly in the sun, producing

5

*Psoralea esculenta Pursh. Also called breadroot, Indian turnip, Dakota turnip, pdmme
blanc.

e
re
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co PERCENT PROTEIN®

o |

AN flgures are based ondry welght and represent crude protein content anures for -
th"e conventlonal root crops are those of the cultlvars in common use.

Protein -.content\c;f legume tubers.
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The prairie turhip, Psoralea esculenta. (H.H. Marshall)

a hard cake that can be stored séfély for long periods. Ground into a flour,
this product was used year-round for thickening soups and for making bread.

‘The white flesh of thé tuber is not strongly flavored; it is firm, chewy, and

palatable both raw and cooked. A recent analysis found a protein content of -
7.4 percent.* Analyses published 40 years ago record protein contents of
7.7 and 13.1 for Psoralea esculenta tubers from Nebraska.t Y e

Although the plant w111I grow on marginal soils, it is difficult to propagate
by vegetative means and seedlings grow slowly, taking several years to pro-
duce useful-size tubers. Research is needed to overcome this drawback.

Apios Species

The sweet, starchy tubers of the North American plant Apios americanai
were once much esteemed by native Americans. Early European settlers
called them groundnuts, potato beans, or Indian potatoes, and they ate’them
as well. Captain John Smith, leader of the Jamestown colony of 1607, des-

cribed them as being * good as potatoes.” They were eaten boiled, roasted, or
fried.

*Information supplied by H. H. Marshall. See Research Contacts

tYanovsky, E., and R. M. Kingsbury. 1938. Journal of the Association ofOfﬁczalAgn
cultural Chemzsts 21: 648—665

iA pios americana Medikus. Also called Apios tuberosa Moench or Glycine apzos

O B e

S
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Tubers of Apios americana. (N.D. Vietmeyer)

The tubers are perennial and can be harvested al any season as an emer-
sency food supply. The Pilgrims in New England survived their. tirst few
winters by living on them.

During the’ potato famine of 1845, when the potato was plagued by
disease, Apios americana was introduced to Europe. Its cultivation as a food
crop was abandoned when potato growing again became feasible.

The plant is still widely distributed in eastern Canada and the United
States,* often at ancient Indian campsites, especially in low, wet soil and
along river banks. Round or oval tubers (2-8 ¢cm diameter), brown-skinned,
white within, occur as swellings spaced along a slender rootstock found just
beneath the surface of the soil. |

An attractively flowered climbing plant reminiscent of wisteria, Apios
americana also makes a useful, sweet-scented ornamental.

*Neither Apios americana nor Psoralea esculenta (see above) are tropical plants. Yet
both grow over a wide range of climates and the southern extremes of their range are
subtropical. (4. americana, for example, produces well in southern Forida.) They cer-
tainly deserve further testing in subtropical zones.
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~— —— _The plant has been so neglected that little is known about the compositiof:
‘ and nutritive quallty of its tubers. The only published analysis* records a
remarkable protein content of 17.5 pergent, Research into this and into
Apios cultivation seems well warranted. The plant is very fast growing and its-
roots are well nodulated. Its viny nature complicates its cultivation, but
bush-like mutants may well be found in nature. The plant also may make a
useful forage. |
Other Apios species deserve* consaderatlon Apios priceana,t the only other

North AII]CTILdl’l prLiCS pIOClUCUb a 1arge smgle tuber [ﬂa[ is ecuole but the I

plant is so rare that it is clasmﬁed as an endangered species. Apios fortunet;t is
already cultivated in some remote areas of China, Japan, and Tzuwan but no
mvest1gat10n of its cultivation has yet been reported. '

-

Miscellaneous
= Other legumes with edible tubers include:  « %, - 2

Permndra medzterranea (Velln) Taub. A sweet- tastmg root used as a sub
’st1tute for licorice, common in Central Brazil. . |

Phasaolus adenanthus G.F.W. Meyer. Pantroplcal

=)

WL (Phaseolus multiflorus Willd. ) Scarlet runner bean.
Commonly grown in temperate countries-for-its-green pods; bu but in its native
Central American highland habitat this plant is sometimes grown “for its fles y
‘tubers. Deserves research to determine the genetics and physiology of tuber
formation. The plant 1s\ also a promising pulse for troplcal ‘highlands and
temperate areas.

Phaseolus heterophyllus Central Amenca

* Pueraria 'lobata OhW1 (formerly Puerarza thunbergzana) Kudzu. Starch ]
© extracted from the tuberous roots (whlch can be 2 m long and weigh 30 Kg)
~in Japan is now sokd as a health food wdrldwide. This exceptlonally vigorous

-~ vine has become a major weed in southegstern United States.

3

Puerarza phaseo!ozdes Tropical kwdzu, puero. Now grown ‘or tested m
most tropical countries for fodder, soil cover, green manure, or erosion con-
trol, thxs plant bears tuberous roots that can be eaten. Nothmg has been

3

' .*Ya.novsky, E., and R. M. ngsbury 1938 Joumal of'rhe Association ofOfﬁctalAgn- )
cultural Chemtsts 21:648-665. S - !
tApios priceana Robinson. v ; e e e ‘
1A pIOS fortunez Maxinowicz.  * o LR

o

M
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reported on palatability, varletal differences, yields, toxms (if any) or other
aspects of this plant’s potentral as ¢ root crop.

A

| N
Pueraria tuberosa. lndian kudzu. Large tubers weighing up to 35 kg are
eaten in parts of northern India. They taste like licorice and are said to be
eaten raw or boiled. An |1-percent protein content and ylelds up to 7.5 t per

ha have been reported *
' )

Selected Readings

Winged Bean ’ : N

Hymowitz, T., and J. Boyd. 1277 Origin, ethnobotany and dgrreultural_potentlar of the.
winged bean--Psophorcarpus tetragonolobus. Economic Botany 31:180-188.

Khan, T. N, J. C. Bohn, and R. A. Stevenson. 19/7/nged beans: Cultivation in Papua
New Guinea. World Crops 29(5):208-214. )

National Academy of Sciences. 1975. The Winged .Bean: A High Protein Crop for the
Tropics. National Academy of Sciences, Washington, D.C. 43 pp.

The Winged Bean Flyer. A newsletter devoted solely to this plant, and the progress of

- research on it, is available from Prof. Russ Stephenson, Department of Agriculture,

University of Papua New Guinea, University, Papua New Guinea.

Vigna vexillata

Chandel, K:P.S., R.K. Arora, and B.S. Joshi. 1972. Vigna capensis Walp. | V. vexillata] —
an edible root legume C'urrent Science 41:537.

The Tropzcal Grain Legume Bulletin often contains short articles and abstracts on Vigna
vexillata. The Bulletin is available from the International Grain Legume Information

T Ceittre {see-address-below),

Other Vigna Species

Evans, [. M., D. Boulter, A. R. J. Eaglesham, and P. J. Dart. 1977. Protein content and
protein quality of tuberous roots of some legumes determined by chemical methods.
Qualitas Plantarum/Plant Food for-Human Nutrition 27(3/4):275-285.

Wehmeyer, A. S., R. B. Lee, and M. Whiting. 1969. The nutrient composition and
dietary importance of some vegetable food eaten by the Kung Bushmen. South
African Journal of Nutrition 5(4):1529-1530. (Vigna lobatifolia).

Flemingia vestita

Singh, H. B., and R. K. Arora. 1973 ‘Soh- -phlong, Moghania vestita a leguminous root
crop of Indm lqconormc Botany 27:332-338.

y e

Psoralea esculenta

Harrington, H. D. 1967 Edible Native Plants of the RockV Mountams University of-

. New Mexico Press, Albuquerque, New Mexico. Pp- 203-206.

*Anonymous 1969 Wealth of India: Raw Materials, Vol. 8. Council for Screntlfrc and

~Industrial Research, New Delhi, India. pp. 316-317.

@
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Apios americana |

Seabrook, J. A. E., and L. A. Dionne. 1976. Studies on the genus Apios. 1. Chromosome
number and dlstnbwtlon of - Apios americana and Apios prlceana Canadian Journal of
Botany 54:2567-2572. /

t
Miscellaneous  : - S > ,
Baudet, J. C 1973. Notes sur quelques especes africaines du-genre Enosema (DC) Desv.
(Papilionaceae). Bulletin du Jardin Botamque Nattonal de Belgtque/Nanonale Planten-
tiun Van Belgie 43: 17 32.

aQ

Research-Contacts

&

Winged Bean

‘«LlStS .of research contacts, as well as suppliers of wmged bean seed and inoculum, can be
found in the Winged Bean Flyer (see Selected Readings).

Vigna vexillata o

N. .B. Byrnes, Queensland Herbanum Meiers Road Indooroopﬂly, Queensland 4068
Australia

C. Dunlop, Scientific Service DlVlSlOIl (Botany), Animal Industry and Agriculture DlVl-
sion, P.O. Box 5150, Darwin, Northem Territory, Australia

International Grain Legume Information Centre, International Institute of Tropical
Agriculture, P.M.B. 5320, Ibadan, Nigeria

National Bureau "of Plant Genetics Resources, Indian Agricultural Research Instltute
-New Delhi 110012, India (R. K. Arora, K. P. S. Chandel, and K. L. Mehra)

K. O. Rachie, The Rocl(efeller Foundation, 1133 Avenue of the Americas, N w York:
New York 10036, USA

) E U /

Vigna Iabatrfoha f . /‘

* M. A. N. Muller, Offlcer-m -charge, South West AfTica Herbanum anatef Bag 13184,
Yoo Windhoek, Namibia (South West Africa) ‘

R. Story, c¢/o CSIRO, Box 109 City, Canberra, A.C.T., Austraha -

A. S. Wehmeyer, National Food Research Institute, Council for Sc1ent1f1c and Indus-

trial Research, Scnentla P. O 395, Pretona 0001, South Africa o

;-“

Flemingia vestita

National Bureau of Plant Genetlc Resources, Indian Agricultural Research Inst1tute New
Delhi 110012, Indla (R.K. Aroraand K. L. Mehra) ‘

Psoralea Specles o

J. R. Maconochie, Gurator, Herbarium of the Northern Territory, Department of the

. - Northern Territory, Alice Springs, N.T. 5750,-Australia + —— —

" H. d. Marshall, Research Station, P.O: Box 3001, Morden, Manitoba, ROG 1JO, Canada

X
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A pios americana 4 , .
Angus Gholson, P.O. Box 96, Chattahoochee, Florida 32324, USA o ®

Lawrence Kaplan, Professor of Blology, Umversny of Massachusetts/Boston Boston,
Massachusetts 02125, USA . ~

Robért Kral, Department of Biology, Box 1705 Station B Vanderbllt University, Nash-
.ville, Tennessee 37235, USA

R. T. Mohlenbrock, Department of Botany, Southem Illlnoxs Umversnty, Earbondale
Illinois 62901, USA
“J. A. E., Seabrook, Department of Biology, Umver51ty of New Brunswick, Fredericton,
- New Brunsw1ck Canada E3B 5A3 j
N. D. Vietmeyer, National Academy of Scnences, 2101 Constltunon Ave., Washington,
'D.C. 20418, USA




11 Pulses

Bambara Groundnut

~ Although it produces a nutritious food and is cultivated throughoul
Africa—{rom Senegal to Kenya and from the Sahara to South Africa and
Madagascar—the bambara groundnut* remains one of the crops most neglected
by science. btlgmdtlzed a “‘poor man’s crop,” the plant has never been ac-
corded a large-scale breeding and research program. Yet empirical evidence
and fragmentary research results suggest that it is a crop with much promise.
As one of the two most drought-tolerant cultivated legumes, it deserves to
be taken far more seriously. Furthermore, desplte the lack of research, its
commercial use in Africa is increasing. o
One of the most popular pulses among Africans (along with cowpeas,
peanuts, pigeon peas, and common beans), the bambara groundnut is little
known in other parts of the world. ‘
Like the peanut, it forms pods and seeds on, or just beneath, the ground.
- To achieve this the tlower stalk elongates, and as its bulbous tip penetrates
the soil, it creates a tunnel through which the fertilized flowers, attached a
few centimeters behind the tip, are drawn into the soil. The pods are round
and wrinkled and each contains one or two seeds. The seeds are round (up to
1.5 c¢cm diameter), smooth, and when dried, very hard. They may be cream,
brown, red, mottled, or black-eyed.

*Voandzeia subterranea (L.) Thouars var. subterranea. Also known as Congo goober,
" earth pea, baffin pea, Njugo bean (South Africa), Madagascar groundnut, voandzou
(Madagascar),-epi roui (Yoruba), okpa otuanya (Ibo), juijiva (Hausa), nzama (Malawi),
nlubu, nyimo (Rhodesia), njugu mawe (Swahili). Sometimes spelled bambarra ground-
nut. Subfamily: Papilionoideac. !

;.
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T
Bambara groundnut, Voandzeia subterranefi. (Agriculture Research Institute, Ukirigurh,
Mwanza, Tanzania) R a

°

&

" The plant itself occurs in both erect and prostrate types. It grows best in
climates similar to those used for growing peanuts, maiz€, or sorghum. It
needs bright sunshine, high temperatflres"(at least 4 frost-free months), and
frequent rains in the period befween sowing and flowering. But the bambara
groundnut is one of the most adaptable of all plants and tolerates harsh
conditions better than most crops. For example, it yields food under condi-
tions too arid for peanuts, corn, or sorghum. (Bambara is actually a district

®

e
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near Timbuktu on the ‘Sahara Desert’s southern fringe.) Thus the bambara
| grc')undnut is a legume prticularly su1ted for hot, dry regions where growing
other pulses is risky. :

The plant will also grow in rainforest areas and also grows in cool, moist
highlands in Rhodesia.
- The bambara groumlnut tolerates (some tesearchers say “préfers™) poor
soils. On wormn-out soils it can yield more than peanuts. In fact, nitrogen-rich
soils are to be avoided because they stimulate the plant to produce too much
leaf at the expense %F the pods and seeds. |

. The plant has 4. 'reputatlon for resisting pests and diseases. It is less sus-
ceptible to dlsease/s than peanuts, perhaps because it has been grown only, in
- isolated, backyard gardens in mixed- cultwatron with other similarly isolated
“plants. Since the bambara groundnut buries its fruits in the soil J7they are safe

- from attack by, the flying insects that severely limit or destroy pulses like

cowpeas and beans whose pods remam in the air. Rodents and crlckets may

4 damage the plant however ‘

- Though widely assuimed to be a 1ow ylelder there is substantial evidence
1;0 show that with good management, the bambara groundnut can_match
yields with even the most productive legumes.* .

- The crop is cultivated with methods similar to those used for growing

peanuts It takes=3-6 months to mature, depending on climatic conditions

‘ ‘-_\\and cult1var .typeT The timing of harvest is less criticalthan with peanuts;

- bambara :groundnuts can be haryested early or late without serious loss. How-

ever, , when mature, the seeds are too hard to be eaten raw. Usually they are

: ~eaten 1mmature (i.e., before becoming too hard) but when roasted or boiled

TTTTT-even the mature beans are edible. Ripe or immature,. they are sweet and

) - pleasant to, eat\and contain 14-24 ‘percent. protein and about 60 percent

cdrbohydrate. Sometu\nes the roasted seeds are ground into a nutritious flour
that can be incorporated into many dishes. The seed protein has more

'* methionine (nutr1t10nally anxgntml amino acid) %an is found in other gram

legumes.

* . The plant is also useful in, crop\mt\ations for 1t contnbutes t-ntrogen to the
sorl which benefits subsequent crops.

/ ) In summary,” this“is a nutritious, r@e{&ﬁ’ht for growing where other
\ . crops do poorly—in hot, disease-laden regions-where soil fertlhty apd rainfall

patt’ems are vanable

‘ . \.,\ .

‘-~*A,pparent1y the quoted ylelds reﬂect low-dens1ty Eopulatlons because Afncah farmers

- intercrop bambara gtoundnut with other crop plants: Johnson, 1968 (see Selected Read-

ings), reports yields.in excess of 2,000 kg of shelled seeds per ha. These were from six in-

dependent trials in several Central African countries..A 1969 report from\Uklnguru Ex-
periment Station, ‘Tanzania, (see Research Contacts), records yields up to 2,600kg..

Various other documents refer to experimental yields in excess of 3,000 kg per ha>_-.
Tnghest yields seem to be produced mainly by slow-maturing ( 140 150 days)-culti

Infomiatlon supplied by P. Silvestre, IRAT. \?\.\ o
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Limitations

Bambara groundnuts contain 6-12 percent oil, less than half the amount
found in peanuts. They are therefore not useful as oilseeds. ‘
- Unripe seeds are eaten fresh; ripe seeds are hard and indigestible and must
be boiled or graund to be edible. .

Like the coppea, the bambara groundnut nodulates freely, but specxﬁc
Rhizobium strajins that are exceptionally effective in promoting growth have
~been found in [experiments at Nif TAL in Hawaii.* For best growth, it also
requires high temperatures and abundant sunshine. Good soil drainage is es-
sential, and the crop has to be 'pla'n'ted in loose, light soils to-facilitate the
Rhizobium in its small, spherical root nodules and to enharice development of
the buried seeds. Careful cultivation is needed; the flower stalks are weaker
than those of peanut and cannot penetrate a hardsoil crust. Loose sbiis also

make it easier to dig up the pods.
The plant should be harvested during dry spells and precautlons taken to
~ensure dry safe storage; during storage, the seeds can mold or become infested
- with insects. The seeds can be harvested when the plant is green, at which
-time the pods do not shatter and the Autritious foliage can be fed to livestock.
~ Despite the plant’s general healthiness, some disease organisms known to
' attack it are fusarium wilt, leaf spot, root-knot nematode, and a virus. These
infestations are usually serious only in seasons or areas of high rainfall.
Though the crop can be found in vastly different environments in Africa,
there are indications tha{ ifidividual ‘cultivars are not in thefaselves very adapt-
able. High-yielding typgs from one location may fail when grown elsewhere.
Tanzanian cultivars have yielded poorly in Zambia, for example. Indeed,
some from northwestern Tanzania have proved unsatisfactory in the drier
climate and different soils of central Tanzania. The most effective research on
this crop in a given African locality may therefore be that which concentrates
. on selecting and improving local cultivars. Researchers outside Africa should
' ensure that any cultivars tested come from appropriate climates.t

Research Needs -~ |

The bambara groundnut is so important to the rural poor in most of
Africa, and potentially so important elsewhere in the tropics, that the im-
'provement of its germ plasm (for higher yield, protein and digestibility) and
the agronomy of its production both deserve intensive study. ,

- The cultlvars that now exist have arisen by casual selection during tradi-
tional- cultlvatlpn. They have_only very localized distribution. Cultivars that

......
-

- *See Research Contacts : .
'{'Informatlon supphed by R. V. Blllmgton See Resgarch Contacts
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differ in leaf shape and size, as well as in seed color, size, and hardness. have
been observed. Primitive cultivars havéa trailing habit; the better selected
cultivars are self-standing, which facilitates cultivation and harvesting.

Collecting and comparing bambara groundnut germ plasm from all over
Africa is one of the most important research needs. It is particularly necessary
to collect in Upper Volta, Togo, the middle belt of Nigeria. Tanzania. and
Zambia, where the greatest variation is thought to occur. This could be a
good project for the Association for the Advancement of Agricultural
Sciences in Africa to coordinate. ; ‘ -

To determine yield and the feasibility of commercial bambira groundnut
production, an agronomist should conduct trials using superior cultivars in
semiarid areas where peanuts yield poorly because of drought. [ is important
to do this in Africa, but the plant is well worth testing ur similar regions
elsewhere.

Efforts should also be made to improve the management of the crop in the
field. Further trials using and adapting moderh methods of infnsive peanut
farming should be undertaken.

Bambara groundnut in a market at Bamako, Mali. (B.N. Okigbo)
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~ So far, the bambara groundnut has been cultivated only in small plots, but
it has good potential as a field crop. Investigations are justified of mechanized
cultivation, harvesting, shelling and processing (especially canning), and of the
ptant’s potential as a cash crop for processed foods and world trade.
Although the crop is relatively free of pathogens and pests, research to
identify cultivars that resist its known diseases is needed. Searches should also
be made for highly effective Rhizobium, both from available lines and from
rhizobia associated with the plant in its native habitat. !
Reséarch into the bambara groundnut’s nutritional effectiveness is needed
- There are indications that the protein dlgestlblhty is thblted by antinutritive
factors in the seeds. '
A closely similar plant, the groundbean or Kersting"s groundnut,* also
deserves research. The leaves of Kerstingiella geocarpa are broader than those
of the bambara groundnut and the plant is less robust; though the pods de-
velop underground _like those of peanuts and bambara groundnuts, the seeds

~resemble common beans (Phaseolus vulgaris) and are usually white, brown,

black, or speckled in color. Their protein is rich in the essential amino acids
- lysine (6.2 percent) and methionine (1.4 percent) and it occurs in good
i quantity (19-20 peicent).t Grown in both high-rainfall and savanna areas in
- troplcal Africa, the groundbean is grown in even drier areas than the bambara
‘ ‘ groundnut and is even less known scientifically. Although the seeds are tasty,

they are small and yields are poor, disadvantages that probably could be

corrected with appropriate research.

Select‘edj Readings

A bibliography of the world literature on‘ bambara groundnut is-being prepared by the

International -Grain Legume Information Centre. (For address, see Research
Contacts.) - ¥

Amuti, K., and C. 3. Pollard, 1974. Studies on the bambarra ground nut (Voandzem
subterranea) seeds. Journal of the West African Science Association 19:85-90.

Bakhareva, $:.N. 1975. Voandzeia—a valuable legume crop Trudy po Prtkladnoz

Botamke Genetike i Selektsii 54(3): 164-169.
Busson, E., and B. Bergeret. 1958. Contribution & I'étude chimique des graines de
Voandzela subterranea Thouars, Acta Tropica 15:246-250.
"Doku, E. V., and 8. K. Karikari. 1971. Bambarra groundnut Economic Botany
. 25(3):255- 262 .
‘\~Hepper, F. N. 1963. The bambara groundnut (Voandzem subterranea) in West Africa.
~Kew Bulletin 16: 398-407.
Hepper F. N.. 1970. The bambara groundnut. (Voandzeia subterranea) *Field Crops
Abstracts 23:1-6. i :
Jacques—l’ehx H. 1950. Pour une enquéte sur le Voandzou. Agronomxe picale 5:62-73.
Johnson, D. T. 1968 The bambarra groundnut, a feview. RhodesmA il tural Journal
65:1-4.
. h 3 e
- *Kerstingiella geocarpa Harms or Macrotyloma geocarpum (Harms) Ma:echal &9Baudet
+Information supplied by M, L Genevois. See Research Contacts

!
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A Karikari, S. K. 1971. Economic rmportance of bambarra groundnut World Crops 23:

195<196. :
Kay, D. E. 1978. Food Legumes. TPI Crop and Product Digest No. 3. Tropical Products
Institute, London. pp. 24-33.

Lartey, B. L. 1976. The canning of bambara groundnut (Voandzela subterrdnea). In fro-
ceedings of the Symposium on Grain Legumes, pp. 119- '126. University of Ghana and -

the Council for Scientific and Industrial Research Accra, Ghana.

Masefield, G. B.;*S. G. Harrison, and M. Walhs,,‘l969 0xford°Book of Food Plants.. Ox-
ford University Press London. __

Pollack, S. B. 1973. The bambara groundnuy: Its morphology, culture and nutritional de-
ficiency symptoms. M.S. Thesis, Umversrty of Florida, Gamesvrﬂe (Advisor D. E
McCloud, see address below.)

Purseglove, J. W. 1968. Tropical Crops. chtoyledons I. John Wiley and Sons, New York.
pp. 329-332. ‘

- The T)'optcal Grain Legume Bulletm SOmetrmes contains short art1cles and abstracts on

’,Research Contacts

Information Centre (see address below)
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Agncultural Resedrch lnstltute Ukmguru P.0. Box 1433, Mwanza, Tanzania (Mrs. M. A.

-‘Mussa)
R. V. Billington, 14 Cassiobjry.Park Avenue, Watford, Herts, England
Jean C. Baudet, Chaussee dé Tournai 230, B-7340 Tertre, Belgrum

Chlber‘b College of Agriculture, Private Bag 901, Norton, Zimbabwe-Rhodesia d. Mkandla)

- Department of Crop Science, University of Ghana Legon, Ghana (K. Amuti [also Ker-

“H. D L. Corby, University of Rhodesia, Department of Botany, P.O. Box MP167, Mount

Pleasant Salisbury, Zimbabwe-Rhodesia
Department of-Agriculture, Research Branch, Mount Makulu Research Station, P.O. Box
7, Chilanga, Zambia

sting’s groundnut], E.V. Doku, and S. Sinnadurai)
D. L. Ebbels, Plant Pathology Laboratory, Hatching Green Harpenden Herts ALS 2BD,
England
F. O. C. Ezedinma, Department of Crop Science, Umversrty of Nigeria, Nsukka, ngena
M. Louis Genevois, 18 rue Duban, 75106 Paris, France

W, Godfrey-Sam-Aggrey, Head, Crop Productron University of Botswana and Swaziland,

(}_\

P.O. Luyengo, Swaziland .
F. N. Hepper, Royal Botanic Garden, Herbariuni, Kew, ‘Richmond, Surrey,England

IRAT, Institut de Recherches Agronomiques Tropicales et des Cultures Vivriéres, 110 )

rue de I’Universite, 75007 Paris, France

lnstrtute for Crops and Pastures Private Bag X116 Pretoria 0001, South Africa (. er

Snyman)

Institute of Agrrcultural Research, Samaru, Zaria, Nrgena (Ono Leleji and C. Harkness)

International Grain Legué
culture, P.M.B, 5320, ™adan, Nigeria

S K. Karikari, University of Ghana, Agrrcultural Research Statron P.O. Box 43 Kade,
- Ghana :

B. L. Lartey, Food Research lnstrtute PO Box M20, Mrmstry Post Office Branch,
- Accra, Ghana ‘

Magoye Reglonal Research Station, P. O Box 11, Magoye, Zambia (G. C. H. Hill, Actmg
* Principal Research Officer)

'Darrell 'E. McCloudy Department‘ of Agronomy, Umversrty of Flonda, Gamesvﬂle ~

' Florida 32601, USA
NifTAL Project; University of Hawaii, P.0. Box “O”, Paia, Hawaii® 96790 USA (8.
Whitney and P. Woomet) :
B. N. Okigbo, Intematronal Instrtute of Troptcal Agnculture P.M.B. 5320 Ibadan
Nigeria

e Inforrnatron Centre, Intematronal Institute of Tropical Agni-




J ackbean and Swordbean

[

* These twb robust, high-yielding, closely related species* produce nutri-

— tious pods and high- protein_seeds. They are capable of providing food in
marginal areas where other pulses fail and they can provide a plentiful green
manure and forage. vAlthougl’t they are already widely eaten—particularly in
Asia—their full potential is limited by growth-inhibiting proteins that must be
carefully detoxified before the seeds are edible.

Yet these plants, growing under- x*remely difficult condlflons offer a

N ; means for extending protein produetlon to marginal areas, particularly to

- troplcal lowlands with depleted soLLs aﬁLto areas with unpredlctable climate

or varying soil types, high altitudes, and pest infestations. -

The jackbean is'd New World plant that was grown in the drought ridden
reglons of Arizona and Mexico in ancient times—seeds as much as ¥,000 years
old have been found by archaeologists. The swordbean is of prehistoric Old’
World origin and is widely cu1t1vated in the humld tropics of Africa and As1a - s

» especially in India. '
Both plants produce flat, straight, scimitar- snapea pods that are among the

- largest of any domestlcated legumes. In the jackbean, they can reach 30 cm
long and 3% cm wide; in the swordbean, they can reach 40 cm long and 5 cm
wide. The jackbean is usually an erect, somewhat shrubby annual about 1 m
tall, though climbing varieties are ‘also known. Swordbean cultivars are
woody, high-climbing, twmmg perennials, with runners as long as 10 m. The
~two can also be dlstmgulshed by differences in seed color (jackbean seeds are
“white, swordbean seeds are red) and pod shape as well as in flower size and
color '

“« The hardiness of these plants is shown by the range of conditions under
which they can be cultivate !

; \ﬂ'
o Temperature. Jackbean has been grown successfully where average an-:

nual temperatures range from 14°C to 27° C from warmer parts of the tem-

*] ackbean: Canavalia ensiformis (L.) DC., also.:kn_'gwﬁ as horsebean, g‘otani,bean, feve
Jacques, pois sabre. Swordbean: Canavalia <gladiata (Jacq.) DC. Subfamily:
Papilionoideae. Coo .. - ‘ L

. - N 3
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perate zone to hot, tropical, rainforest areas. Yet both jackbeans and sword-
beans have promise for areas where- early -frost shortens the growing season,
because even if the foliage get< frostbitten, the beans themselves remain
unaffected. E

e Rainfall. The jackbean has been reported to grow well where rainfall is
as high as 4,200 mun and as low as 700 mm. A deep root system allows both
plants, once established, to draw on stored soil moisturé and to survive dry
conditions. ;

o Sunlight. Although both plants require full sun for optimum growth,
they can also grow well in shade. “ -

® Soils. Both plants tolerate a wide range of soil textures and fertility;
among pulses only jackbean, swordbean, and lima beans (see page 97) grow
really well on the highly leached, nutrient-depleted, lowland tropical soils.
They grow well on acid soils (pH 4.3-6.8) and they are far less aﬂected by

- waterlogging and salinity than other pulse crops.

e Altitude. Although generally grown in the lowlands they can also be
grown at elevations at least as high as 1,800 m.

-In addition to their uncommon adaptability, jackbean and swordbean are
relatively fast-growing, usually producing a crop in 3-4 months. They germi-
nate readily and are easily cultivated by use of methods similar to those for

" the cowpea. Both plants are virtually immune to most pests; though insect,

‘

fungus, and bacterial and viral infestations have been recorded, they do not
seriously reduce the plant vigor or yields. A stem borer and a fungal root
disease sometimes cause more serious losses, however. The seeds are also

“highly resistant to infestation during storage.

Both beansare highly productive pUlse crops and on fertile soils their yields
equal those of cowpeas. Production as high as 4,600 kg of dry seed per ha has
been recorded in experlmentsi“ra remarkable yield—but througholit the trop-
ics, most farm plots average 800-1,000 kg per ha. In many areas where cow-
peas and common beans fail, the jackbean and swordbean continue to pro-
duce useful yields.*

Young leaves and pods are edible, but they must first be cooked. The pods-
are gathered when half grown, i.e. before the seeds inside them swell. Served
as a boiled green vegetable like snap beans, they are reportedly “exceedingly
tender and little, if any, inferior to the French bean.”t Although commonly
consumed in tropical Asia and Japan, they seem to be unpopular elsewhere.

Inside the pods 10-30 large, turgid seeds develop. They contain 22-29
percent protein and have a)gpgé amino acid balance. The full-grown but still

\
*]ntormdtlon supplicd by K. O. Raclue Sce Research Contacts.
“¥Hedrick, U. P., Ed. 1919. Sturrel'anr s Notes on Edible Plants. J. B. Lyon Company,
State Pru}ters Albany p. 131. However, the fiber content is more like that in string
beans of some decades ago rather than in the highly bred snap beans of today.

¥
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Jack bean, Canavalia ensiformis. (E.N.O. Adimorah)

green, moist, and soft seeds are eaten as a cooked vegetable. The dry, fully
mature seeds are also edible, but only after extensive boiling with one or two
changes of the cooking water and peeling of the seed coat. They can also be

detoxified by fermentation to “tempeh,” as is done with soybeans in Asia.

The jackbean and swordbean are valuable green manure and cover crops.
Yields of 40-50 t.of green vegetation per ha can be produced. Thejackbean has
also been extensively grown as a source of plant nutrients and soil cover for
tobacco, sugarcane, cacao, citrus, cogonut, and pineapple plantations in the
southeastern United States, Hawaii, and Indonesia. The vegetation of both

‘species yields a good leaf meal for use in animal feeds.*

¥

*Information supplied by R. Bressani. See Research Contacts.
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Limitations

/" The promise of the jackbean and swordbean is limited by the growth-
/ inhibiting eompounds they contain.. These are the proteins canavalin, con- .
~canavalin A and B, the enzyme urease, and the amino acid canavanine. Con-

canavalin A (Con A) is a protein that mimigs an a.ntlbody As such, it ag-
gulinates certaln viruses and spermatozoa, as well as normal, embryonic, and

- —transfermed cells:- Recently, Con. A has been used by biochemists to isolate
“blood group substances (mltmunoglob%hns and.glycoprotein), thus becoming

dn. Jimportant tool in medical analysis. There is now speculatlon that Con A is

a p]ant antlbody (lectin) that protects these beans against diseases caused by

microorganis# infections.* Jackbean and swordbean toxncxtyt’seems largely

due to Con A, which binds to the mucosal cells llvmg in-the intestine and thus
- reduces the body’s ability to absorb nutrients from the intestine. -

- The urease gxtracted from jackbeans and swordbeans is used also in
Jf.y;’“;ﬂalytxcal laboratories, It converts urea into carbon dioxide, water, and am-
- myionia and is used as a reagent for determining urea concentrations.

' Unlike the other pulses in this report, there are no rich, diverse, gene pools
of ."ffolk varieties” of jackbean and swordbean available. Only highly inbred
~;3}.;zsttams that are foundalmest exclusively in experiment stations are readily
. obtamable Jackbeans are not a traditional crop of any cultural group; sword-
' beans are traditional in a few parts of Southeast Asia, but they too are mostly

disseminated by agricujtural experiment stations. \ ‘
Wider use=of jackbeans and swordbeans is also limited by local food pref-
erences. The cooked seeds have little flavor and a coarse, mealy texture.

""‘Resea:ch Needs' -/ - | o

.‘ There has been little agronomlc developmerrt of these plants Cultlvars,
“have been selected for Tow toxicity, but it is likely that types exist—orcanbe _
developed—that w\ll overcome major restrictions to their wider use. A world-
‘wide collection of germ- plasm is needed, to be followed by mass screenmg for

—typesfree of Con A and other toxic constituents. t

Another important line of research is the study of all aspects of the utiliza-

_tion of these plants. One prorising development is processing of the beans
to produce a protein concentrate for use in formulated foods.t Researchers at
INCAP in Guatemala have sho,gn that jackbean protein can be isolated in

g . //“ - ‘:l" . i '
*It seems possible also that the prespnce of such lectins in a plant root can'be detected
by Rhizobium bacteria, whxch use 1t as a mgnal that the plant is a suitable nodulating -

host. -
tMolina et al. 1974,
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high yleld w1thout the toxujs Developmenf of this process could extend the

“production of hlgh -protein formulated foods to new geographical areas.

‘Becausé the plants are already used desprte their limitations, there is

~ important agronomic déveloprhent to be done over and above detoxification.

Methods now usedfor planting, fertilizing, and harvestmg are nearly always
traditional ones that should be subjected to modern analysis or improve-

'_ ment Breedmg to enhance desirable characteristics would also contribute to

- Selected Rﬁdfmgs e e

the yelfare of those who already grow the beans and would lay the ground-
work essent1a1 for capitalizing on 1ow-tox1b1ty cultivars as they beconre avarl
able. . : ~

Théte drg two other Canavalia species .that have been cultivated since .
ancient times but which are now close to extinction. In Pery some specimens
of Canavaliq plagiosperma Piper still rem,am but Canavalia regalis Dunn, an
Aftican cul figen, is probably eextinct.* Botanists in Peru and West Africa are
alerted to tihe importance of searching for these plants and preserving their
germ plasm% : : -

Kay, »D E. 1978, Food Legumes., TPI Crop and Product Digest No. 3. Tropical Products
Institute, London. pp. 261-272, 487-494, '

Molina, M: R., D. E. Argueta, and R. Bressani. 1974. Extraction of mtrogenous constr-
tuents from the jack bean (Canavalia ensiformis). Journal of Agricultural and Food
Chemistry 22:309-312.

Molina, M. R., and R. Bressani. 1 974 Protein-starch extraction and nutritive value of the
jack bean and jack bean protein isolate. In Nutritional Aspects of Common Beans and
‘Other Legume Seeds as Animal and Human Foods, ed. W. G. Jaffe. pp. 153-163.
Proceedings of a ‘meeting held in Ribeirdo Preto, November 1973. (Copies of the

~harticle are available from the authors, see address below.)

Plper, C. V. 1920. The Jack Bean: United States Department of Agriculture Circular No.
~92.-United States Department of Agnculture Washmgton D.C.

Purseglove J. W. 1968, T)'opzcal Cray chotyledonsl John Wiley and Sons, New York.
‘pp. 242-244, 3

Sauer, J.,,_and L. Kaplan 1969
tiquity 34:417-424, Vs

The Tropical Grain Legume Bullen often contains short articles and abstracts on Cana-
~valia. The Bulletin is available \ffom the International Grain Legume Informatlon
Centre (see address below).

Westphal E. 1974. Pulses in Ethiopia, Their Taxonomy and Agncultural ngniﬁcance :
Centre for Agncultural Publishing and Documentation, Wageningen, The Nether-
lands pp. 72- 84 : - —_— :

anavalia beans in American prehistory. Amen’can An-

P

¥

Research Con tacts . i :\

’ I J Go]ds m Department of Biological Ch\emlstry, Umversrty of Mlchlgan Ann Arbor,

Mlchlg 48104, USA (Biochemical studie¥)

4

: *Information supplied By J. Sauer. See Research Contacts.
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. Grain Legume Improvement Program, International Institute of Tropical Agriculture
P.M.B. 5320, Ibadan, Nigeria (P. R, Goldsworthy, Assistant Director)

Instituto de Nutricion de Centro America v Panama - INCAP, Apartado Postal 1188.
Carretera Roosevelt Zona 11, Guatemala City, Guatemala Central America (R. Bres-
sani and M. R. Molina) 4

. E. Liener, Department of Biochemistry, College of Biological Sciences, UmverSJty of
Minnesota, St. Paul, Minneséta 55101, USA (Tox1cologlcal studies)

International Grain Legume Information Centre, c/o International Institute of Tropical
Agriculture, P.M.B. 5320, Ibadan, Nigeria

Legume Improvement Programme, Agriculture Faculty, University of Papua NL\A Guinea,
University, Papua New Guinea (R, Stephenson and W. Erskine)

Lembaga Biologi Nasional, Bogor, Indonesia (S. Sastrapradja and I. Lubis)

Mayaguez Institute of Tropical Agriculture, P.O. Box 70, Mayaguez, Puerto Rico 00708

NifTAL, P.O. Box **0O”, Paia, Maui, Hawaii 96790, USA

K. O. Rachie, The Rockefeller IFoundation, 1133 Avenue of the Americas, New York.
New York 10036, USA

J. Sauer, Department of Geography, Umvcrsny of California, Los Angeles, California
90024, USA (no germ plasm) ’

I©. Westphal, Laboratory for Plant Taxonomy and Geagraphy, University of Agriculture,

37 General Foulkesweg, Wageningen, The Netherlands

?

Lablab Bean

The lablab bean™* is already widespread throughout the tropics, but it has

so any uses, so_many varieties, and such wide adaptability that, in most

countries, it has by no means reached its polenml Indeed, outside of India,
very little lablab research has been undertaken in the last decade.t

There are myriad uses for the lablab bean. One region may use it only for
forage, while another capitalizes on its_ food uses. In the United States it is

*Lablab purpureus (L.) Sweet. The litcrature contains at least 26 separate botanical
names: for what now seem to be different forms of this plant. Many articles published in
recent decades use the names Dolichos lablab L. or Lablab niger Medik There are also
many common names-almost every country (indeed every province in India) uses a dif-
ferent one. Among these are: bonavist, chicharos, chink, Egyptian bean, Indian bean,
hyacinth bean, pharao, lubia bean, seem, ##id val. Subtamily: Papilionoideae.

tOf the 39 lablab bean papers published since 1969, 30 were from India, four from Aus-
tralia, and one each were from Egypt, Uganda, Chad, Switzerland, and Burma. -

e

o
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marketed solely as an ornamental —{or its long, showy, violet-purple blossoms.
In the Sudan it is the main green manure used in the highly successful Gezira
project. But the plant offers each tropical and subtropical country a weaith of
different products and uses.

L)

Food _ e

il
i

s Young pods make an excellent table vegetable. F
"o Dried seeds are a wholesome, palatable food, either cooked and eaten”
directly, processed to bean cake (tofu) or fermented to tempeh.
o Leaves and flowers are cooked and eaten like spinach.
e Sprouts are comparable to soybean or mung bean sprouts.
e Protein concentrate can be made from the seeds.

14

Forage

o The plant is grazed by cattle, sheep, goats, and pigs. .

o Lablab bean hay is pdlalable and (if cut at a young, leaty stage) is
dlunmdlly unnpdrablc to alf'dlla though less digestible. It also makes good
stlage. :
e Incorporating this (.rop into grass pa%tures improves the quality, palat-
ability, and digestibility of the pasture. -

1

Miscellaneous Uses

e 1t makes excellent gledn manure.-

‘o It is effective for erosion control and soil protection.

o It can be used as a nitrogen-fixing crop grown alone, mterplanted with
field crops, or, grown in rotation with these crops, it may be grazed after the
prlm.ny crop is harvested. |

e It makes a good cover crop in coffee and coconut plantations, fruit

. orchards, ete.

e It is often planted as a second crop in rice fields after the harvest of
paddy. 5o

Varieties ' ¢

Lablab bean occurs in two botanical types. The garden type is twining and

. has to be grown on supports. 1t is late maturing and is used mainly as a green

vegetable. The field type is erect and ‘bushy. It mdtures earlier but cannot be

‘used as a green vegetable because the green pods are fibrous and have an

unpleasant smell. Over 200 genotypes are recognized. Their variable charac-
teristics include: o &
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' Adaptabr]rty

varieties can be grown in frost-prone regions because the seeds mature before‘

LADLAD DLAIN ) R . - X N Ui

. , Pods drfferlng in srze shape texture or color (green, whrte purple for
example); .

o Seeds differing in size, shape c\ofor (white, yellow black and red-
_ purple), and attachment within the pod; -

¢ Flowers differing in abundance fragrance COrolla size- or penduncle
‘length, and co»lor . T T

sensrtrvrty, ﬂowermg time, maturatron trme dlsease and pest resrstane,e and
seed Jviability). '

Desplte the wealth of available germ plasm, only a handful of registered
commercial varieties are known in the countries that now cultivate the lablab

‘bean. '

. [}

The lablab bean is remarkably adaptable Its various strains thrive in a

number of drfferent areas and under dlverse conditions. There are “varieties :
fore o

V

3

)
e Ar1d semiarid, and hum1d regions (that is, for a range of 200 2 ,500-mm

of arinual precipitation); :
e Warm-temperate, subtroprcal and humrd rainforest reglons where mean
summer temperatures range from 22° to 35°C (some new, early- flowering

the onset of frosts in the fall);

¢ Lowlands and highlands (it is grown wrdely up t0 2,100 m altltude in
‘the New Guinea highlands); ;
e Many types of sqils, including some of the poorest and most foxic sorls‘
(e.8., it has been reported growing well in soils ranging from acrd to alka.hne ’

pH 4.4-7.8) as'well as in aluminous soils;*

- o Both -mechanized, large-scale farmmg and labof-mtensrve small farm

agriculture;and ¢ | : —

- Field agriculture and home garde $ (the Government of Guyana en-‘
- courages city dwellers to grow it along fence lines as an ornamental hedge_
~ that also provides protein for the family Fable)

2
"

Cultwa@\r;}fsra since ancrent trmes the lablab bean plant Tooks-a little

‘like cowpea its stems are strongdr and more fibrous, and’it is more

- resistant to the root diseases common in cowpea. Single plants have been

~ i

a

. *Infor\r\n’ati:on suppliéd by C.D. Foy. S'ee‘;Rese_a;r.ch Contacts.

Q@
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reported”to produce twice the herbage ot cowpea. In cooler climates the plant
dies at the end of the growing season, but in the tropies it will persist for 2 or
3 years, though, unless ample moistureis available, it produces progressively
fewer leaves and more stem. It nodulates easily either with lablab or cowpea-
type Rhizobium, common in soils worldwide. Thus its growth is generally
unaffected by low soil-nitrogen content. Seed pods are generally 5-8 cm long,
flat, broad and scimitar shaped. Mary varieties are nonshattering and their
mature pods shed deed only when threshed.

The plant establishes CdSlly. [t is drought tolerant, byt good soil moisture
is needed to get the crop establizhejlls dense growth suffocates most weeds:
in most cases it will propagate self-seeding, especially if the sotl 1s recult-
vated to, bury the seeds. A well-established plant has a deep root system,

nonshattering, mature at much the same time, and grow above the folia f the top of
the stems so that harvesting them is casy. High forage yields are report€d (2.5 t per ha of
hay”produced under rain-fedrconditjons in 54 days), and, “very high daily live weight
gains have been recorded with steers grazing mature and ripening pods.” (dem 1974,

sec Selected Readmgs) . <. -
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often penetrating to water sources more than 2 m below the soil surface,
_permitting luxurious growth to persist long into dry seasons. Thus the lablab
bean has a long production season and can provide food, fodder, and soil
protegtion when many other herbacepus plants have become desiccated. )

Dr;ed seeds of lablab bean contain 20528 percent crude protein (for nutri-
tional’ composition, see Appendix A); some types are tasty and are eaten like
"other; beans. Their amino acids are moderately well balanced, with an espe-
c1a11y highi lysine content (6.t percent). The seeds: complement cereal diets
well. -

Lablab bean leaves are - also rich in protein (up to 28 percent), and among
legumes they are one of*the best sources of i iron (155 mg per 100 g of leaves,
dry weight). . :

Yields are unknown for most cultivars. However, the lﬂbldb bean appears
to yield well. In trials in northern Australia, four accessions yielded over 4
of dry seed per ha.* One of these, a commcrcmlly registered Australian vari-
ety called Highworth, consistently prov1des over 1.5 t df seed per ha in com-
mercial use.t In addition, yields of 5-11 t (dry matter) of forage—with pro-

tein content between 13.5 and 22 percent depending on season—can be ex-
- pected. In Queensland, Australia, lablab bean pastures are ready for grazing

60-80 days after planting, when optimum stocking with eatt]c is about 1| 5
- animals per ha. , A
In Tamil Nadu, India, one cultivar (Co 9) has been bred as a green vege-
table crop. It yields an aVverage of 7,500 kg of pods per ha. It is quick -
maturing (120 days) and the pods are broad and flat, with attractive light-
green color and good flavor, aroma, and texture.}

Limitations

Lablab cultivars are generally reported as being fairly pest resistant, but
soil, leaf, pod, and flower insect pests have proved very serious in. north
Queensland. Somie cultivars are susceptrble to a bean rust and fungal rot may
also occur.§ Root-knot nematodes and, in some areas; parasitic weeds (Striga

—§pp.) can seriously affect the crop. : ’

Some strains are so variable that even their growth form can be influenced

by.the time of planting. In Queensland, “Highworth” develops as a twining

S

L

*Inférmation supplied by I M. Wood See Research Contacts.
1 See illustration page 62. ¢

$Information supplied by Y. B. Morachan. Seé Research Contacts.

- §In Queensland, Austreham reports-that “Highworth™ tolerates bneTwated‘Qg” N

—ging-better than any other forage legume tincluding cowpeas (Information Supplled by
J. H. Wildin.) ) .

‘e
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Harvesting the Highworth lablab bean. Yield: 2.5 t of clean seed per ha. (J. H. Wildin)

creeper if planted in spring, but grows erect if pl:;nlcd in late summer or
autumn.*

The mature seeds (especially dark-colored ones) must be boiled to become
cdible, for they contain a trypsin inhibitor that'is broken down by heat and a
toxic. cyanogenetic glucoside that is soluble in the cooking water. Their hard
seed coat necessitates a longer cooking time than common beans.

When first introduced to lablab bean, cattle take about a week to adapt.
After that they eagerly graze its leaves; flowers, young and mature pods, and
soft stems; coarse stems are not eaten. In dairy cattle, it sometimes imparts d
slight odor to the milk, easily removed by pasteurization. Unlike perennial
pasture legumes, the lablab bean requires annual replanting (or supplementary
seeding), though self-seeding may often maintain a heavy crop.

Research Needs

Because of its many outstanding qualities, the pjant is recommended for
immediate use in tropical areas as a pulse, green vegetable, green manure,
forage, or as a ground cover for erosion control. With the very large number

- g
~ “

3

B0 wering, which curtails the
days to initiate flowering.)

*Apparently, this is because the shprt da
plant’s vegetative growth. (Most lablab e
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different lablab bean cultivars scatte :\ﬁ_ :::r: the Indian subcontinent.

and the tropics, 1t is _::,:‘,:2 that a ¢omiprehensive germ plasm collection
be made. _ _ c ;,

o
i

Researchers _: :Z:< regions may ( ish[ 1o avail :!:;m? s of germ plasm

& &

suited to their n ?_f and ii::::?i sof it is also important that aseries of
indicator trials be undertaken 5 areas of v ‘Em? diftering climates. Comgparing
the properties of many cultivars under g: nt conditions will lead :a.i‘ﬂ..,::m
with known adaptability and L:N___,:,,m., :Eé strains can then be :::a:?ﬁ
to new countries with improved chancés Jor their successful establishment
::._ah__:,:_:\Nz_:s_,:_.__~3\_:8__,.,N_:,_:o;. &o :f_i_,:::_‘c,ﬂ,:?Ea;{.:,ﬂm:fﬂ

: ) , . ’ \ . 0 S8 } .
..mEo:ré::::::Q_::scUoi.:\:@.,a.,::cf_S_:r.:rcm:::%;3\(:u:.:a

selec-

tion, agronomists should i i i |

st screen the types in - their immediate area tor
‘desirable strains. ¢ L

. . s -

Lablafy bean as fo e, o,v:nm.,c_z.,_:g >.:x:.:_mr,3<:m_,: mﬂm_u:ﬁ:xc: & Co |Aust.] Pry.
Ltd) e , . ° ,
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‘ Desplte the w1de occurrence of lablab beans 11ttle agronomrc rmprovement_ |
- has been reported There\ls need for research into genetics and breeding for |
faster uniform maturlng v%etles with higher, more dependable yields and
‘resistance to pests, diseases; and ad\verse soils and weather.  -* .

For forage types attentron should be glven to .

L3

. eDry matter yleld and rts d1str1butron through the year;
- . Palatabrhty d feedrng value; and
. Compatabrhv{: as an intercrop y ith\other forages

SN
»?

e \F0r~ existing vanetles research and testrng of management practrces ia- »
cludmg fertilizer requrrements time of plantrng, and plant populatrons for.
L specrﬁc products (seed, forage hay, or green. manure) are needed.
i Research=into _the feedmg value of the seeds for humans and hvestock ’
i c1ludmg poultry and pigs) is also needed Methods to reduce or remove the~"
..« dntin@iMtion factors and the hard seed coat-efther by proc?%mg or by plant:
| breed g need developmg o
Although the lablab. bean now f'mds 1ts greatest dise in small-s‘ff‘
=y ture its potential)for large-scale mechamzed productron prgtem seems
1mpressrve In the gonsoonai tropics, where other large-scale grain 'legumes-fiﬂ
. (such as soybean) -grow pborly, the lablab bean thrives. The Hrghworth
- variety- shows that the lablab bean can be suited to mechamcal harvestrng and
productron Research along these lines is needed. L a
»~Such.asgects as processing the seeds 1n@/pr01em doncentrates for live-
stock, poultry, and human foods, and the functlona.l and chemrcal propertres
- of the protein all deserve attention. .. - - 2 =
- Because of - the bean s abrhty to survive in margma} envrronrnents varletles_,
should be further tested for to]erance to andlty and to acid; alkaline, , saliney
LR hlgh a.lumma and nutnent-deﬁment goils. -Its'nodulation and the amount of
)\nrtrogen it can ﬁx and transfer to the soil a{so deserve early attention.”

AR oy
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Marama Bean

P

-Of all the plants déscribed in this book, the marama bean* is perhaps the
least developed. It is a wild plant that has not been introduced to cultivation.
_However, Wwith research, particularly breeding, thg plant could become a valu-
"able crop for semiarid lands. Below ground, it produces a tuber often Targer
‘than a‘sugar heet,pwhﬂe above ground it produces seeds whose composmon

) and nutritive value rival thosé® of the peanut or soybean.

Native ‘to the Kalahari and nelghbormg sandy regions of southern Africa,
the marama bean is astaple in the diet of some Khoisan’ peoples (Bushmen’
and Khoi-khoi) and is_a well-Kriown delicacy of the Herero, Tswana, and
other Bantu-speaking pe’ ples. The plant is a rich source of protein and energy
.arrd nourishes man. ir. Tégions where few conventional Crops can survive.
Adapted to a w1de range Of chmatlc conditions, the ‘marama bean grows in

some areas that receive up to 800 gnm annual rainfall, -and in other areas

where 'rafnfall isr SO slight and erratic that in some years alm_ost no rain falls at

Ll o R
o In. Botswana and Namibia (South West Africa), the marama bean is an

) impbttant component of the diet in remote settlements and among nomadic

~ “hunter-gatherers.” It Is also found in South Affica (nurthem Cape Province
~and Transvéal), usually in- undulatmg grass-veld (savanna) In deep, loose,
sandy soils the plant sometlme@ forms Ctharacteristic craters where the soﬂ '
is stony.- - These hollows, soretinies more than 1 m across, are often ringed

~with stones that appear to have been forced to the surface by the tuber
beneath. In some areas, marama bean occurs in scattered stands several kllo-
meters across. a7 . _

The plant is not a climber; it grows prostrate sending long viny stems (up

to 6 Pl Iong) creepmg out over the soil surface in s‘éveral directions. The vines

-

*Tylosema esculentum (Burchell) A. Schreiber. Also known as Bauﬁzma esculenta Bur-
. chell, Comfuonly cal]ed tsi or tsin bean (Kung Bushman names); braaiboontjie (Af- :
rikaans); gemsbok bean "tamami or thamani berry; marama marami, or morama (Tswana -
: names) ombanu1 (Herero name); or gami (Kh01—kh01 name) Subfamily: Caesalplmmdeae
, v

» N . o]
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Kalahari bushmen collecting marama bean, Botswana. (L.ﬂK. Marshall)

carry double-lobed leaves that are soft and red-brown when young, and turn
leathery and gray-green with age. Golden yellow blossoms develop in mid-
summer (December in southern Africa) and the fruits ripen in late autumn
(April). Each fruit comprises a broad woody pod with 1-6 large chestnut-

- brown seeds inside. Though hard, the woody shell is thin, brittle, and is easily

cracked. The normally spherical seeds are roughly the diameter of a thumb-
nail and weight about 2-3 gm. Their inner flesh is firm, cream colored, oily,
and almost without fiber. ,

The uncooked seeds are usually nearly tasteless but they have an un-
pleasant, slimy texture and are never eaten raw. After roastfng they have a
delicious nutty flavor,_that has been compared with that of roasted cashew
nuts or coffee beans.ﬁEuropeans in southern Africa grind the rogsted seeds

‘and use them as a culinary substitute for almonds. Africans ofterf boil them

with cornmeal or grind or pound them to a powder that is boiled in water to

make either a porridge or cocoa-like beverage. The raw seeds store well and

remain edible for years. /

The marama bean analyses so far reported record protein cdntentS of 30,
34, and 39 percent, respectively,* a range roughly comparable to that of soy-
bean, 37-39 percent. Oil content issreported as 36-43 percent of the dry seed
by weight. Thus, the marama seed has a protein content that rivals that of

soybean, and its oil content, about twice that of soybean, approaches that of

*Bray, G. T. 1921. Gemsbok Beans. The Analyst v46:401-402; Department of Agricul-
ture, Sodsl Africa, 1924. Wehmeyer, Lee, and Whiting. 1969 (see Selected Readings). -

i
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Marama beans. (B. Maguire)

the peanut (see page 305). The seeds have less than half the fiber of peanuts
and are a source of nutritionally important minerals. Like most legume pro-
teins, marama bean protein -is rich in 1ysme (5 percent) and deficient in
methionine (0.7 percent ).*

A clear golden-yellow oil is extracted from the sceds by conventional
presses or solvent extraction. The oil has a pleasant nutty odor and agreeable
taste and is similar to almond oil in consistency and appearance. It appears
suitable as an g¢dible oil for use in cooking and foods. It is a good source of
linoleic acid, one of the nutritionally essential fatty acids. The meal remaining
after oil extraction has a remarkable 52-percent protein content.

During caoler months, stems of the marama bean diesback, but the under-
ground tuber rerhains viable and, with returning warmth, produces new stems.
The red-brown tuber, shaped like a giant top, can attain a weight of over 10
kg. Inhabitants of the Kalahari region dig up young tubers when they weigh
about 1 kg. Baked, boiled, or roasted whole they have a sweet, pleasant flavor
and make a good vegetable dish.¥ The succulent tuber contains much mois-
ture (sometimes 90 percent by weight); in arid and semiarid regions it is an
important emergency source of water for humans and animals. The plant
probably survives droughts by drawing on water stored 1n the tuber, which
shrmka greatly in dry years.

*Information supplied by A. 5. Wehmeyer.

tTubers more than 2 years old become fibrous and are not suitable as food. W. J. Bur-
chell, an Englishman who traveled the Kalahari in the 1820s and who made the first
botanical records of the piant, reported that the tuber was astringent. Apparently he ate
tubers that were cither over-mature or from a poor strain.
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h‘hough virtually unknown to’ soience the marama bean rivals soybeans and peanuts in
: orl and protem content. :

—

. lee other legume tubers (see pages 21,27, and 32) the tubers of marama
beans are rich in protein (9 percent dry weight).* A

Although there has been no concerted research effort to doniesticate the

. bean, it was:reported in the earl);‘ 1960s that, for 20 years, farmers near

Barberspan (wesrern 1ransvaa1) had cultivated the piant Jusr by sowing it \ui
October) directly into sand without any preliminary plowing.t

.
< AU o
BN . '

Limitations

. L . .

ThlS plant is so neglected that the very lack of knowledge about it is a
major limitation. Before large-scale tultivation can be undertaken, informa--
tion is needed on its adaptability to cultlvatlon and on all aspects of its
agronomy. = - ~

»  Even_its limitations and special requnements are unknown. Some writers
~ have reported that the seeds can taste slightly bitter and that the hard pod
that surrounds them is a hindrance to their use as oilseeds. . 5

Although npt yet tested, it is possible that the tubers grow slowly, perhaps
takmg 2-4 years to reach a marketable size. Some ‘tubers also have a tough,
leathery skin., '

Com

*Wehmeyer, Lee, and Whiting; 1969

{Story, R. Undated. Fodder report from the Kuruman Drstnct Unpublished Notes,

No. 3528. Botanical Research Institute, Pretoria, Scuth Afuca (For author’s address, see
Research Contacts.) /

}




al

72 ’ PULSES

d

Marama bean tuber. (A.S. Wehmeyer)

While the plant has a wide distribution, it occurs patchily in very localized
stands, perhaps indicating that it has special soil requirements.

Research Needs

 As is evident, research on the marama bean is badly needed. Among agro-
nomic features that need investigating are the plant’s requirements for al-
titude, temperature, moisture-soil types, fertilization, and latitude. In addi-
tion, trials are needed for learning how to manage the plant as a crop. Such
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cultural practices as germination, spacing, planfing, weeding, and pest and
disease control all need study and evaluation, as do harvesting, storage and
- processing of the seed. . 7
Genetic improvement needs particular attention. Wild stands offer a
wealth of different germ plasm. But they are being exterminated in many
areas because the land has been ploughed up and planted with corn or sun-

flower, or because the sceds have been relentlessly harvested for village use |

and for sale togwhite farmers. .Another threat to the plant is that cattle
ranching now ektends into-the Kalahari region. Livestock eagerly devour the
plant’s leaves and runners. 7 )
Germ plasm collections should be made immediately and desirable strains
“selected. Initially, strains should be selected on the basis of yield; to date, no
single yield, measured or estimated, has been reported. Vigorous strains that
produce large numbers of pods, bigger seeds, or more seed: per pod are need-
ed. l*mthcrmore strains that yield under adverse conditions should be
sought. - ©
‘Because of this plant’s specia] importance for semiarid climates, botanists
could pr();/icle useful informatigpAy detailing the mechanisms that allow it. to
survive extreme heat and desiCcation. Temperatures sometimes reach 50°C in
its native habitat and surface water is usually-available only for 8 weeks a year
(though in the fine-grained sandy soils water may remain in the root zone for
- as long as 2 months after a rainfall). .
The extent of its modulation and nitrogen fixation also needs investigation;

the plant belongs to subfamily Caesalpinioideae whose members often fail to.

nodulate and fix nitrogen.

In the 1920s, the seeds were reported to be free of alkaloids and cyano-
genetic glucosides, but analysis for these and other antinutritional factors
should be made with sensitive modern instruments. =

The tubers warrant particular attention: composition, growth rate, occur-
rence of nonastringent types, and production potential in small plots should
all be investigated.

Related species may also be worth agronomic attention.

Tyvlosema fassoglense. * Grows from the Transvaal northwards thfough
East and Central Africa to the Sudan. A sprawling vine, it, too, bears edible
seeds and a tuber.

Bauhinia petersiana.t A small shrub that grows together with the marama
bean in open grasslands (as well as in sandy bushveld and woodlands) in

*Tvlosz)ma fassoglense (Schweinf.) Torre and Hillcoat. Also known as Bauhinia fasso-
glensis Kotschy ex Schweinfurth.

tBauhinia-petersiana Bolle subsp serpde (Ficilho & Hlern) Brummitt & Ross. Also
known as Bauhinia macrantha Oliv.

0D




74 ! PULSES

s

-Transvaal, Namibia (South West Africa), and Botswana, as well as in Angola
and Zambia. The seeds can be eaten green, but ripe seeds are usually roasted,
peeled, and pounded into a pleasant-tasting, coarse meal. The plant has been"
cultivated as.an omamental in South Africa and, given research, might also
become a useful food crop for ar‘gd zones.*
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A. S. Wehmeyer, National Food Research Institute, Council tor Scientific and Industrial
Research, P.O. Box 395, Pretoria 0001, South Africa

Marjorie Whiting, 407 5th St., S.W., Washington, D.C. 20003, USA

—

*Story. 1958.
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3

The moth bean* has been so neglected that it has inspired only a handful
of original research papers in the past 5 years; the last review article appeared
in 1925. Yet the information available shows that this plant, now cultivated
as a pulse only in India, could substantially increase the food or forage avail-
able to arid and semiarid lands throughout the tropics, subtropics, and even
some warm-temperate areas. '

Reportedly the most drought-tolerant pulse crop grown in India,t the
moth (a Hindi word pronounced “mat” or “mote”) bean is already cultivated
on about 1.5 million hectares, mainly on arid, sandy tracts of Rajasthan,
[ndia’s driest state.

A hot-weather legume,~the moth bean thrives where temperatures are high.
[t survives with little moisture; if it is planted near the end of the rainy season
the moisture remaining in the soil is often enough to mature a crop, which
takes 2-3 months, with little or no additional rainfall or irrigation.

Growing only about 25 c¢m tall, the plant forms d mat across the soil
surface. The stem of each plant radiates horizontal branches (0.5-1.5 m
long), producing an expanding circlet of densely matted, ground -hugging vege-
*;tation. A living mulch, the moth bean shields soil from the sun’s heat, pre-
vents cracking and crust formation, reduces soil moisture and organic matter
losses, and retards soil erosion. Livestock avidly graze its pods and foliage.
Tht pods, when young, are eaten as a table vegetable; the tiny beans they
cofitain ate high in protein and other nutrients and are a valued pulse for dry
regions. The plant is an annual that can be used as a second crop, to follow
winter crops (grain, hay, vegetables) and increase the year-round productivity
of the land. _

Found growing wild from the Himalayas to Sri Lanka, from sea level to
1,500'm altitude, the moth bean is a well-established commercial crop on the
Indian subcontinent. Annual seed"production is about 360,000;t.%

*Vigna aconitifolia (Jacq.) Marechal, known untll recently asxPhaseolus aconitifolius
Jacq. Also known as mat, matki, math, or mout bean. Subfamily~ Papﬂlonmdeae

tIndian Council for Agricultural Research. 1970.
fInformation supplied by S.B.S. Tikka. See Research Contacts.
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The p!dnl climatic requirements are like those of cowpea, bul the moth
bean prefers an cven warmer environment (40-45°C daytime temperatures).
[t is often planted with other hot-weather crops such as sorghum or millet. |
tolerates widely diffefent soil textures but grows best in light soils ranging
from sand to sandy-loam. Soil fertility is not crucial and the moth bean can
grow vigorously and yield heavily even in fairly poor soils. Numerous small,
spherical nodules cover its root system and its rhizobial microsy mblont 1s of
the cowpea type.*. ,

- The crop requires little.care. At the monsoon’s onset it is sown broadcast
into virtpally untilled soil and is given little or no weeding after that.

Food

Each of the moth bean’s numerous bright-yellow flowers develop into a
short, narrow, yellowish-brown pod. When green and immature, these pods
make an appealing and nutritious vegetable. Each contains from 4 o 9 seeds
not‘ij?iuch larger than a fat grain of rice (5 mm lopg. 2 mm wide). .

Secd yields averaging 1,800 kg per ha have been measuréd at Davis, Cali-
fornid, and 1,600 kg per ha at Ibadan, Nigeria. Though tiny, the sceds are rich
in protein (22-24 percent) and other clements and make an excellent supple-
ment to cereal diets. The plant holds the seed well; the pods have little
tendency to- shatter (drop seed) even when dried out, so not many seeds arc
‘wasted on the ground. .- x

in India, the seed is used, ClthCl whole or split, as a pulse. Fried in a little
oil it is the basis for dal moth. 1t is also used in a saltedssnack called bhujia
which looks tike broken macaroni. o ‘

Forage ' .

In addition to all its other potential, the moth bean shows good promise
ol supplying quality forage under arid and semiarid conditions.

Ficlds of moth bean make valuable pasiures and have been LlllllVd[Cd ‘for
this purpose in India, California, and Texas. At the end of the hot season,
when other crops have succumbed to the heat, the leaves and vines are still
green—even after the seeds and pods are ripe—and they remain succulent until
the arrival of cold weather. They are palatable and are relished by livestock.
Yields of over 60 t per ha of green forage have been achieved.

Moth bean hay is also readily eaten by livestock and has a feeding value
almost equal to that of alfalfa hay (see Appendix A). The stems are small and
the leaves do not easﬂy fall off when the plant is dried; few legumes retain
their leaves as well. A California extension bulletin (Kennedy apd Madson,

*Information supplied by P. Woomer. See Research Contacts.
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A moth bean plant showing its mat-like 1orm of growth. (P.S. Kennedy and BA \
Madson)
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1925 see Selected Readmgs) projects tlaat yields of 710 t of hay per ha can

rcasonably be expeued In India, moth fodder recently proved superior to
cowpea .and guar in drgestlble dry-matter yield, the researchers ‘concluding
that it is the best/leguminous fodder for summer use in Haryana state.* ‘

Limitations ; : : :

Lack of 1n/ornmtron on its potential dnd cultivation is limiting the bean’s
spread and utilization. Even today there is no modern literature to guide
growers. | ‘ :

The plant is notable for its pest and drsease tesistance,t but a yellow
mosaic leaf virus, certain nematodes, and witch weed (Striga species) are
known to affect it. In storage, the seed can be infested by bean weevilss

Because the vines lie close to the ground it is more difficult to harvest
moth. bean for hay than the more “upright legumes and grasses. Moreover the

- -

*Dds etal 1975.
t1In part, this may reflect the environment in which it is grown; aridity is not conducrve
to.growth o[ pest and d‘I-SLrlSt, organisms. K
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A trailing branch of a mature moth bean plani. (P.S. Kennedy and B.A. Madson)

-

small size of the pods and seeds makes them somewhat difficult to handle and
process.

Despite Indian farmers’ casualness in planting moth ‘bean, to achieve high
germination the seed bed must be carefully prepared: the seedlings are so tiny
that weeds smother them easily, and a slight soil crust can block their emer-°
gence. N :

The plant needs high te}nperatures thrbug,hoﬁt_the growing season. The
literature contains conflicting statements on its ability to tolerate wet condi-

tjons, but it grows poorly in waterlogged soils because root development is
retarded

,,’Reéearch Needs
¥

L

To help the moth bean reach its poetential as a valuable global crop plans
should be made to:

» Assemble, explore, evaluate, and maintain the. world germ plasm re-
sources of the species. In particular, Indian researchers should gather the germ
plasm of Maharashtra, Uttar Pradesh, Raj"és‘than, and Haryana states.

e Explore the ecological limits and optimal management factors for the
crop, both in mixed and monoculture systems.

e Study’ the pest and disease problems of the crop: and devise- practlcal N

controls. = : ; ‘ .
» Breed types to correct any proclivity to pests and diseases.
¢ Breed types with an upright, non-viny (determinate) habit,
* Breed types with superior nutritive value—richer in protein md the hmlt-

ing amino acids, poorer in the trypsin inhibitor that now renders some of the

protein unavailable.
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o [nvestigate the nutritional aspects of the seeds and green pods- bio-
chemical analyses, tood-preparation studies, and feeding trials are all needed.

Despite these research needs, the widespread use of the plant by peasahit
farmers M some of"the most ditficult growing conditions in India shows that
it alrcady has much to contribute. Small-scake trials i vopical and sub-
Jropical areas beset by long dry seasons scem warranted. In these areas, moth
bean may well hcmme a valuable reserve Torage for use during long. hot.
late-summer days. Tt also may prove usetul for protecting soil from dry,
desiccating summer winds when ulhu lluhduu)us vegetation hias succumbed
to drought.

Biwas. M. R., and S. Danu. 1976, Phaseolus aconitifolius ~ Phascolus trilobus. [ndian
Journal o) Genetics and Plant Breeding 36-125-131. '

Das. B, S, Ko Avora, RS, Paroda, PoSO Gill, and Y. Po Luthra, Y9750 Nutritive param-
eters of simmer lepgume torages inrelation to phosphorus levels and irrigation regimes.
Indian Journal of Dairy Scicnce 28:190-195,

Faroda, AL S, 19720 Ftrects of seeding rates and row spacings on fodder production ot
moth bean (Phaseolus uuwlr/fu/m\ Annuals of Arid Zone 11:183-186,

" Indian Council tor Agricultural Research. 1970, Pulsv Crops of India. lndmn Council tor

Agricultural Research, New Delhi’ pp. 156-158"
v, DL 1978 Food Eegrones. TP Crop and Product Digest No. 3. Tropicdl Products
Institute, London. pp. 357:364.

Kennedy, PSS, andy B. A Madson. 1925 The Mat Bean, Phascolus aconititolius, Cali-
fornia Agricultural’Experiment Station Bulletin No. 396, University ot California,
Berkeley, California. 33 pp. : > )

Purseglove, J. W. 1968. Tropical Crops: Dicorviedons [. Jéhn Wiley Jnd Sons, New Y ork.
pp. 286-287.

Tikka, S. B. S.. J. P. Yadavendra, P. C. Bordia, and S. Kumur. 1976. ‘\ correlation and
pdlh coefficient analysis of componenis of graia vield in Plascolus au)um[u/uu Jacq.
(enetica Agraria 30:241-248.

STikka, S0BoS.oand S. Kumar, 1976, Association anglysis Viena aconitifolia (Yacq.)

Marcechal. Scicnce and Culture 43:182-184

The Tropical Grain Leguome Bulletin often contains short articles and abstracts on moth
bean. The Bulletin s ;fv&ﬂlublc from the International Grain Legume Information
Centre (see address below),

Research Contacts : ' ' r%
; 15

Agriculture Rescarch Station, Gujarat Agricultural University, ?Ma}\tdmpur (Br()dLh)
Gujarat, India (S. B. S. Tikka, Cotton Breeder and Officer in Chdrée \
Jepartment of Genetics and Plant Breeding, Agricultural Expe n,mun[ Station, Umv\.rsny

TYPTITS

ol Udaipur, Udaipur, India (Sudhir Kumar) ¢
Department of Plant Sctences, University ot Calitornia, Rlversudc California 92371 USA
(J. G. Waines, Assistant Geneticist) i

Dry I'arming Research St"mon Sholapur, Maharashtra, Indla (The Director)

>
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Haryana Agricultural University, Hissar, Haryana, India (A. S. Faroda, Department of
. Agronomy; R. S. Paroda, Department of FForage Research) ' \
- International Grajn-Legume Information Centre, International Institute of Tropical Agri-
culture, P.M.B"5320, Ibadan, Nigeria (P. R. Goldsworthy, Assistant Director; E.- N
0. Adimorah, Ducumentallst)
National Botanic Gardens, Lucknow, India (T. N. Khoshoo, Dlrector)
National Bureau of Plant Genetic Resources; Indian Agricultural Research Institute, New
Delhi 110012, India (K. L. Mchra, Director)
K. O. Rachie, The Rocketeller I oundﬂmn 1133 Avcnuc of the Americas, New York,
New York 10036, USA
YR. €. Sharma, Division ot Agricultural limdny S.K.N? ( ollege of Agriculture, University
. of Udaipur, Jobner: )3?79(Jampur) Rajasthan, India
Paul Woomer, NilTAL PI‘OJLCI University of Hawaii, P.O. BO\ Q7. Paila. Hawaii 96779,
USA (Moth bean inoculum)
Some collections of moth bean seed -are maintained by the U.S. plant introduction
program. l‘or information, contact George A. \VhltL Agriculture, Research Servnce
Beltsville, Maryland 20705, USA i

)

Rice Bean

The rice bean™ is adapted to hlg,h tempelature and humidities as well as to
- heavy soils—few other pulse crops tolerate such conditions. Furthermore,

it grows and matures quickly, is relatively free from major insect and disease
problems, and produces easily cooked, good-tasting seeds. Yet today it is an
important crop only in tribal areas of northeastern India. Once it was impor-
tant to farmers throughout South and Southeast Asia. Planted in rice fields
after the harvest, certain varieties could produce a prolific crop of nutritious
sceds before rice planting recurred. The bean benefited the rice by improving
the nitrogen and humus contents of the paddy soil. But multiple cropping of
rice—-the modern technique—leaves no time for rice bean cultivation between
crops. The bean has been dispossessed by changing technology. Yet on its
own merits it is a potentially valuable crop, one that deserves increased test-
ing throughout the tropics. &

e

: *Vigna umbellata (Thunb.) Ohwi & Ohashi. Called, until recently, Phascolus calcaratus
Roxb. Also known as Jupanese rice bean, red bean, cLimbi?g mountain bean, mambi
bean. Subfamily: Papilionoidcac. ’ «
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Rice bean. (Natlonal Bureau of Plant Genetic Resources,
New Delhi, Indla)

.

!

The nutritive value of t'he bean is hlgh (see Appendix A); it is rich in
protein and contains high . amounts of calcium, iron, phosphorus, and the
vitamins thiamine, niacin, and rlboﬂawn. Because of the protein’s nutritional
quality, the rice bean has been ranked as one of the best of all pulses and its
use is highly recommended in nutritional programs in the Philippines.* In
addition, the immature pods and seedlings are excellent green vegetables and
the plant makes forage that is eagerly consumed by livestock.

There are many types and cultlvgrs of rice bean.t Types are known that
produce black, red-vialet, greenish, brownish, or mottled seeds. Cultivars vary
from short-stemmed, erect plants to twining ones that may grow up to 3 m
long and need stakes or other supports for maximum yield. The plant is an

*Information supplied by R. M. Lantlcan See Research Contacts. '

t1t is a mecasure of the neglect accorded this plant by researchers that the most recent
comprehensive classification was made in 1897."
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annual that bears clusters of 5-20 bnght yellow flowers that produce narrow |
pods (often in clusters of up to 12) contdmmg 7-10 seeds.

Because the rice bean grows well in the hoftest climates and in high hu-
midity (though it is also moderately drought resistant), it seems ideally suited
to the low-altitude tropics, a zone where crop growing is most difficult.
Seedlings grow vigorously, establish themselves early. and smother weeds. The
plant is covered with hairs, which may help protect it, for it is remarkably
resistant to insect pests. In recent tests at the Asian Vegetable Research and
Development Center (AVRBC), rice bean proved (o be the pulse least at-
tacked by bean fly. Furthermore, the plant is generally resistant to the com-
mon leguminous diseases: AVRDC has discovered lines resistant to powdery
mildew, damping off, and bacterial leafspot.* |

In equatorial climates the rice bean can mature in as little as 60 days (this
has been recorded in Angopla, for example). All the pods on a plant mature
simultaneously and the whole crop can be harvested at one time. Cowpeas
and most little-known pulses ripen seeds at different times and_must be
harvested in several pickings. - [ 8 :

Rice beans are native to South and Southeast Asia (from the lhnmldyﬂ lu
South China and Indonesia) and they are cultivated in the sume’way as the
more familiar Asian pulse, the mung bean. Despite their specidﬂ] importance
for the lowland humid tropics, most rice bean cultivars are also well adapted
to drier conditions and thrive where cowpeas grow well. They tolerate soil
textures. from light to heavy and are known to thrive at altitudes as high as
1,500 m.
= Yields are reported to be low, but small-plot trials have shown that they
can be as high as with most of the better-known pulses.t

The dried seeds, like pther pulses, are usually boiled and eaten with, “or
sometimes instead of, rick. They contain 16-25 percent protein, But less than
1 percent oil. | ’ ‘

In castern parts of India, thg plantis grown both as a pulse and a torage It
is pa;tlwlaxly valuable in that it provides forage at a time when other sources
are -scarce. Yields of over 33 t of green forage per ha have been reported.
- The foliage, green pods; immature seeds, and flowers are all readily eaten by
animals. The rice bean also makes a useful green manure and cover crdp.
“Usually grown as a garden or household-hedge in Indonesia, it provides pri-
vacy as well as a handy supply of leaves, pods, and seeds for the family meals.

*Information supplied by Hyo-Guen Park. See Research Contacts.

TChaudhuri and Prasad, 1972 (see Selected Readings), report average seed yields of
1,850 kg per ha from their experiments in West Bengal; Tropical Products Institute, 1962
(see Selected Readings), reports up to 2,000 kg of dry seed per ha in experiments 4n
Northern Rhodesia (Zambia); Vieira, 1971 (see Selected Readings), reports seed Yields
fronr 1,300 to 2,500 kg per ha frém his experiments in the state of Minas Gerais, Brizil -
(subtropical climate).

FChaudhuri and Prasad, 1972, and Vieira, 1971. See Selected Readmgs °




RICE BEAN " L
Limitations

The rice bean is very sensitive to day length: flowering and seed set are
initiated only when days are short. When grown in equator\gyﬁal areas this is no
limitation, but in the subtropics the rice bean matures seeds only during the
cooler seasons when days are short: (and, unfortunately. growth is slow).
When planted at other times the crop produces masses of vegetation but little
seed. In these scasons the rice bean can be grown only for forage. Even in
warm - lcmpurdlu climates of lhc southern United States it is used for this
purpose. - _
 The plant is susceptible to attack hy root-knot nematodes. Howcvm the
water in a rice paddy climinates theln and maKes it safe for subsequent rice
bean crops even if soil nematodes infest the surrounding arca. It should be
noted, however, that the rice bean itself cannot withstand waterlogged condi-
tions. .

. The viny g,mwth Jnd sced-shatlering habit (dricd pods drop their sud)“
nmku the rice bean difficult to harvest mechanically. '

Although the plant usually matures rapidly. the actual maturing time de-
pends on variety, (;l{imulc,‘lillitudc, and season. In adverse cases 1t can take as
long as 140 days just to get flower initiation, :

The seeds ure free of toxic cyanogenic compounds, but must be cooked
before bcm;D caten. Thcy tack .the strong taste of common beans (Phascolus
vulgaris); though an advantage in some societies, this may limit their accep-
tance where common beans are a staple (such as in Latin America).

L]

g

‘Research Needs &
The rice bean deserves trial introduction to those tropical regions where it
~is now little known. Although only Asians now use the crop extensively, it
will grow well elsewhere; in Fiji and Mauritius it is a commercial market-
garden product and it has also been grown successfully in Queensland and
East Africa.-

As with the other legumes discussed in this book, the obscurity of the rice
bean means that there are many things to learn about its potential and its
limitations. For the most rational attack on this scientific unknown, research-
ers should have available a wide assortment of different varieties. Without a
germ plasm caollection the extent of the plant s properties will be unappre-
ciated. Plant scientists should-survey the status of the crop throughout the
southern and castern regions of Asia and should begin collecting seeds and

(2
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comparing lines because, as rice muluple -cropping expands, ormerly culti-
vated rice bcan cultivars are being lost.* ‘ |

To advance the rice bean as a crop, [the most urgent research need isthe -
prodi‘lction of cultivars that stand erect/and that are insensitive to differences
in day length. %ther ObJCCthES include fselecting or breeding quick- -maturing,
high-yielding, and nonshattermg varieties. The possibility for brcedmo a
nematode-resistant rice bean.should also be explored.

Along with theé varietal testing, research into the most effective metheds
for wllnvatlng rice beans is needed. Such aspects as planting dumtygsm}\mg
fertilizer requirements, and time of planting require analysis.

'!hc flowers are self-fertile,”which facilitates breeding."but some natural
outcrossing occurs and the plant will cross even with other legume species.
This makes the rice bean a potential source of disease erlSIJnLO for crops like”
the mung bean (green gram).t L

Studies of the nutritional qualities of rice bean seeds, leaves, and green
pods are needed. Checks should -be made for nofinutritional aminoeacids and
other potential antinutritional factors.

As is common among legumes, the plant invariably forms fewer pods than
there are flowers on the inflorescence. Usually .only the lower flowers form
pods, while the upper ones abort. It is mrptfﬂtdnl to study the causes of this,
for if they can be overcome seed yields would'i improve dramatically.

Selected Readings | )
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Ahn, Chang-Soon. 1976. Interspecific: “Hybridization among four species of the genus
Vigna savi. Ph.D). dissertation, T}Epartmenf of Horticulture, UanCrblt)’ of Hawaii,
Homnolulu. 96 pp.

Anonymous 1962, The nutritional value of the rice bean, Phaseolus calcaratus Roxb.
* from Northcrn Rhodcsm Tropical Science 4:163,

Arora, R. K., K. C,hdhdel B. S. Joshi, and K. C. Pant. In Press. Rice bean—a tribal
pulse of northcaxtun Indial bc‘onomtc Botany.

Chaudhuri, A. P., and B. Prasad }97’7 I lowcrmb behaviour and yield of rice-bean (Phase-
olus calcaratus Roxb.) in relation to date of sowing. Indian Journal of Agricultural
Science 42:627-630,

Chaudhuri, A. P., and B. Prasad. 1973. Grow rice bean -an excellent loddur lu;_,um(. for
the scarcity period. Indian Farmers’ Digest 6:27-30.

Herklots, G. A C, 1972 Vegcrqbles in South-east Asia. Hafner Press, New York. pp.
257-248.

Kay, D. E. 1978. Food Legumes. TP1 Crop and- Product Digest No. 3. Troplcal Products

. Instuute London. pp 468-475. '

7
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*A start on this has been made by India’s National Bureau of Plant Genetic Resources, |
which recently obtained 400 collections mostly from Northeastern and South India. |
Information supplied by K.P.S. Chandel. See Research Contacts. The AVRDC has col-
- lected 79 lines from 12 Asian nations, Information supplied by Hyo-Gufn Park. See :

Resegrch Contacts. v t
+Ahn, 1976. |



RICE BEAN \ ; g5~

[

Majumdar, B. R., S. Sen, and S. R. Roy.-1968. Raise rice bean for nutrmoq&e fodder.
Indian larmmg 18:29-30.
Purseglove, J. W. 1968. Tropicyl Crops: Dtcoz‘yledonsl John \W‘sley and Sons New York
pp. 294-295.
Sastrapradja, S., and H. Sutarno. 1977. Vigna umbellata (L.) D.C. in Indonesia. Annales
- Bogorienses 6 155-167. (Copies available from the authors, see address below.)
The Tropical Grain Legume Bulletin often contains short articles afid abstracts on rice
bean. The @ulleiin .is available from the International (,Lnn Legume Information
Centre (see address below).

Tropical Products Institute. 1962, The notritional value of lh“c “rice bean, Phaseoliss

calcaratus Roxb. trom Northern Rhodesia. Tropical Science 4:163.

Vicira, C. 1971. Nota sdbre o campértamento de variedades de Phascolus calcaratus
Roxb., em Vigosa, Minas-Gerais. Revista Ceres 18:303-307. (Copies available from
dlﬂh()r see address below.)

Research Contacts

Asian Vegetable Research and Development Center, P.O. Box 42, Shanhua, Tainan 741,
Taiwamn (Hyo-Guen Park)

Bidhan ('hadm Krishi Viswa Vidyalaya, P.O. }\dIyam District Nadia, West‘ Bengal~India
(B. N. Chatterjee, Professor of Abronomy' S Dana, Dcpartnum of (‘ytogmetlu and
Plant Brcudmg)

International Grain -Legume Information Centre, hnernationul Institute ;ot Tropical

Agriculture, P.M.B. 5320, Ibadan, Nigeria . ' o

The International Rice Resgarch Institute, P.O. Box 933, Manila, Philippines

Tanveer Khan, Department of Agriculture, South Perth 6151, W. AL, Australia.

R. Lantican, Un;‘ﬂcrsxty of the Philippines at Los Bafios, College, Laguna, Philippines

Legume lmprovuuml Programme, Agriculture Faculty, University of Papua New Guinea,
University, Papua New Guinea (R. Stephenson and W. Erskine)

Lembaga Biologi Nasional,.Bogor, Indonesia (S. Sastrapradja, Director; Hadi-Soetarno)

B. R. Majumder, Salbani Fodder FFarm, P.O. and District Midnapore, 721 101, '\Vcsl
Bengal, India

National Bureau of Plant Genetic Resources, lndlan Agrlcultural Research lnstltute New
Delhi 110012, India (K. P. S. Chandel)

S. Sen, B. 8/62 3rd Street, Kalyani, West Bengal 741 235, India

C. Vieira, Profes‘;or of Agronorhyy #Universidade Pe eral de /Vigosa, Vigosa, Minas GLl‘dlS
Brazil o

" Some; collections of rice bean seed are maintained by the U.S. plant introduction pro-

gram, For ipformation contact George A. White, Ag,rtculmrc Resunh Service, Belts-

VIllC Maryland 20705, USA, : e
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Although practically: unknown outside South America’s Andean region,
'larw1* pmduwx seed whose content of protemn (up to about 50 percent) is
~among th, highest of affy. legume seed. In addition. the seed contains 14-24

percent oil, and the combination of high protein and oil means that tarw)
seeds have a c/onmosi[ion similar to soybeans. Tarwi thus would appear 1o be
“a ready source of. high-protein meal for food and feed as well as of cooking
oil, margarine, and uUur edible-oil products.

But tarwi does not enjoy widespread use because of bitter-tasting and
toxic alkaloids in the seeds: However, it is known that alkaloid-tree, sweet-

tasting types can be developed by conventional breeding methods, and given
further research such cultivars could make tarwi a m&w; crop tor cool, trop-
ical highlands and for a number of temperate regions.

. Tarwiis a lupin native to western South America-mainly Peru, but it also
grows in Ecuador, Bolivia, and Chile. .Pre-Inca people domesticated it at least
I,500 years aga, and it became a significant protein mnmbuméi to the re-
gion’s food supply. Indians snll grow 1t to 4 limited extent in thu Andmn
highlands. . . . ,

The genus Lupnus is very diverse, with abouti200 different species in the
New World and a smaller number in the Mediterranean region. Other than
tarwi, all. agriculturally important lupins derive from Mediterranean species:
the New World lupins are so greatly negle scted that tarwi is the only one that

~has gained appreciable use. The seed of Mediterranean lupins were rendered
free of toxic alkaloids in the late 1920s and 1930s by the German researcher,
R. von Sengbusch, who isolated low-alkaloid (**sweet™) strains. These sweet
lupins ‘are now used as feed and foddey in Europe (especially the Soviet
Union and Poidnd) the United States, Australia, and South AfTica.

An._erect annual, growmg,7 [-2.5 m tall, tarwi is a decorative plant with
showy, multicolored purple, blue and yellow flowers held high above %he
leaves. To attract pollipating insects; the flowers exude an extremely pleasgnt-
smelling nectar.

*Lupinus Iml((lhI[IS Sweet or Lupinus tauris Hook. Also known as tarhwi, tadra, tarin,
tarhui, altramuz, chocho, pearl lupin. Subfamily: Papilionoideac.
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Iield of ?urwi high in the Andes, near Chiara, Department of Cuzco, Peru. (D.W. Gade)

.. Tarwi pods contain bean-like seeds that are white, speckled, mottled,
banded, or black. The plant is native to tropical latitudes (1°N-22°S) but
occurs mainly in ‘tool valleys and basins at high altitudes (1,800-4,000 m).
Thus it is a crop for cool climates (tropical highlands and temperate regions),
not for the humid or arid tropics. .

Tarwi seeds are soft-skinned and germinate rapidly, producing vigorous,
quick-growing seedhngs. Robust v&getatwe growth continues through the
plant’s life.

On ferming the first inflorescence, the main stem develops lateral
branches. These also form flowers and, in turn, produce more lateral
branches, the process continuing indefinitely, producing flowers, pods, seeds,
and leaves whose numbers increase in geometrical progression. *

Tarwi is semi-hardy, with some resistance to frost and an ability to with-
stand drought. It is also tolerant of sandy and acid soils. Many forms resist
the fungus Phomopsis leptostromiiphormis that sometimes kills livestock fed
on lupin fodder (lupinosis)t and is resistant to the lupin mildews and rots
caused by species of Erysiphe, Fusartum, and Rhizoctonia.

i
i

*In experiments in the Sovn:t Union the plant produced 50 t per ha of _vegetation
contalmng 1.75 t of protein pg ha. Briicher, 1968 (see Selected Readmgs) reports
that the green malter production considerably exceeds that of European lupin species.
tVan Jaarsveld and Knox-Davies. 1974.

tinformation supplied by K. W. Pakendorf. See Research Contacts.:




88 . . o | «PULSES
. T#rwi is an adaptable plant’ that wﬂ/{ flower both in the short (12 hour)
troplcal days and in the longer summer days in temperate zones. It has been
grown in experiments in England, Franée, Central Europe, the Soviet Union,
South Africa, and Australia, but it matujres very late in terﬂperate latitudes.
When von Sengbusch and others set/ out to improve some of the Mediter-
ranean lupin species, a major problem was seed-shattering: dry pods of un-
selected forms spiit and shed their seed on the ground. This problem does not
exist in tarwi, probably because early Indian cultivators selectlvely grew
plants whose pods held seed longest. ]
Protein and oil make up more than half the seed’s wer-ght Tna survey of R
~ seed from a large number of y’a,r,leilequrotem content varied from 41 to 51
percent (avemwae’ﬁﬁ,*._whﬂe oil content varied (in roughly inverse
portion) from 14 to 24 percent (average 20 percent).f Removing the -
seed coat and grinding the remammé kernel yields a flour that contains.over
.50 percent protein. Tarwi protem/has adequate athounts ‘of the essential g
~amino acids lysine and cystine, but Has only 25430 percent of the methionine
- required to support optimal growth in anjmals. The protein digestibility and .
nutritional value are feportedly equi alent to those of soybean.}
Tarwi off is light colored and acbeptable for household use. It is relatively
rich in unsaturated acids, mcludmg the nutritionally essential linoleic acid.
Fiber content is not excessive (see Appendix A) and the seed is thought to
be a good source of nutr1t10nally71mpor1/ant minerals.§ The soft seed coat
makes for easy cooking. L
Like other lupins, tarwi is an 4xcellent green manure crop (see page 292).
___able to fix as much as 400 kg of nitrogen per ha. Much of this becomes
W the soil to succeeding|crops. With the high prices and shortages of
this essential Mtarwr cou d’ become very 1mportant in crop-rotation
systems. : e ‘

Limitations ] o \

, The alkaloids in the seedsare|tarwi’s-most serious liability. Mature seeds of
‘most cultivars are_toxic to livestock and humans-if eaten raw. Today’s In-

amount of msoluble alkalmds at remain, now preclude tarwi’s introduction .
as a pulse crop to areds outside the Andes. \
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, Because there has been little agronomic improvement of tarwi, the avail-
able cultivars are primitive. They often take 5-11 months to mature seeds.
The multiple tiers of tflowers, though they produce exceptional yields. mean
that all the pods do not ripen together. For a small farmer in a developing
country it means a continuing source of food. but it greatly hinders mech-
anized harvesting. ,

Compared with other lupin species (e.g., Lupinus angustifolius or Lupinus

licteus), tarwi is more stemmy (i.e., its leaf (o stem ratio is lower), and
compared to other pulsercrops, it produces fewer seeds than would be ex-
pected from such a mass of vegetation.

Tarwi cross-pollinates so readily that to preserve specific cultigens, such as
low-alkaloid types, may require-a sophisticated system of seed production
~and distribution. ‘ ‘

Research Needs

% .

S
Eliminating the bitter alkaloids is the first prerequisite for tarwi’s advance-
ment as a world crop. Low_—alkalo@ cultivars would have great practical and
economic yglue. Fortunately, there are excellent prospects for minimizing

2

alkhloideg®Oontent. In the mountains of South America exist numerous wild

™

Tarwi seeds. (E. Ampuero P.)




90 . | - PULSES -

and domesticated cultivars with an impressive diversity of ‘ﬁ)rms;niymprove-
ments can be made by selecting nontoxic strains from the germ plasm now
aviilable. A sucmmg method that usés specmlly prepared reagent paper is
already available. ;

Indeed, natura]ly occuring genotypes and radxatlon -induced mutants that
are low in alkafoids have already been discovered.t The challenge now is to
make them “stable,” so that the low alkaloid content is inherited uniformly
by succeeding generations. :

Many flowers "fail to set seed and research is needed into pollination and
fertility to allow the plant to approach its potential yield. ‘

More details of the composition of both protein and oil- are needed. This
should be supplemented by breeding to improve the level of sulfur-containing
amino acids. Practical testsyof tarwi seed’s potential in the food-processing.
industry should also be encouraged.

In addition, there is a need to select and breed cultivars in which all the

- —pods- ripen syncironouslyThis woutd-facilitate: mechanical harvesting-and
~ would also improve the efficiency of manual harvest.

Tarwi now requires a long growing season to fully ripen its seeds. In any
breeding program, high priority should be given to selecting quick-growing,
carly-maturing varieties for cultivation where growing seasons are short, for
example in temperate latitudes and in semiarid areas with long dry seasons.
These should also suffer less from disease. Mutants that flower only once
rather than continuously might be particularly useful.

Tarwi easily crosses with North American lupin species such as Lupinus
ornatus, Lupinus douglasi, and Lupinus pubescens to yield fertile hybrids that
offer a means for improving tarwi itself.

Research is needed into the technology of removing bitterness from tarwi
seeds on a large scale. In this regard, a pilot plant—sized to process 7,000 t of
seeds per year into vegetable oil and protein concentrate—is soon to be con-
structed in Peru. ¥

Adaptability lrmls should be conducted in different parts of the world.
Other cultivated lupins are fairly specific in their temperature-and soil re-
quirements and tarwi might also prove to have limited adaptability.

Selegted‘ Readings

Aguilera, J. M., and A. Trier. 1978. The revival of the lupin. Food Technology 32:70-76.
Briicher, H, 1968 Die genetischen reserven Sudamenkas fir die kulturpﬂanzenzuchtung
Theoretical and Applied Genetics 38:9-2

*Information supplied by E. Nowacki. See Research Contacts.

By Von Sengbusch in the 1920s. Also by Briicher (1968) and Pakendorf (1974). See
Selected Readings. Also von Baer, Oram, and Golobchenko (personal communications).
See Research Contacts.

fInformation supplied by E. Nowacki. See Research Contacts.
§ Information supplied by R. Gross. See Research Contacts.
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Téfpary Bean

.

A drought-tolerant crop, the tepary bean* thrives in arid and s€miarid
regions. Withstanding heat and dry atmospheres, it can produce large quan-
tities of edible dry beans and often survives in climates too arid for other
beans. In addition, tepary beans contain as much or rhore protein than most
edible legume crops. Yet the plant remains virtually utknown outside its
North American homeland. ‘ |

*Phaseolus acutifolius A. Gray: Cultivated varieties are classified as part of var. latifolius
I'reeman. Also known as teparf, yori muni, and pavi; numerous other Amerindian names
are in local use in parts’ of Mexico, Guatemala, and the United States. Subfamily:
Papilionoideae.’ ‘
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The tepary bean was brought under cultivatioh in Mexico, more than
5,000 years ago. Since then, both the domesticated varieties and the wild
oones, still found throughout much of North America, have been-harvested by
American Indians.

The wild varieties are vines, sometimes up to' 3 m high, that often climb up
desert shrubs. They sprout quickly—immediately after a rainfall—and pass
through their brief life cycle while the moisture remains in the soil.

~ Domesticated varietics are either semi-viny or bushy, self-standing plants
that can be grown as a field crop or in small gardens. Many domesticated
cultivars differing in taste, seed color, and other characteristics were devel-
oped by Indian farmers. Most of these were lost early in this century when
they abandoned traditional subsistence farming and turned to irrigated cash
- Crops.
The plant has small; pointed leaves and small pods with seeds oltm re-
» sembling miniature navy beans. The ephemeral nature of their wild agcestors
“endows donfesticated tepary varieties with quick maturatjon. Indian farmers
in the Sonoran desert harvested their crop just 60-90 days after planting the
seed. If irrigation water is available, two crops can be produced before cool
weather ends the growing season.

The plant needs ample moisture to germmatc seed and advame its growth

‘to the onset of flowering, but after that, scanty desert rainfall or even no rain
at all may suffice to mature the crop. Floodwaters from a single rain are
enough to complete the whole process if the soil is deep and retains moisture.
Teparies are therefore suited to semiarid farming with minimal irrigation or
runoff agriculture* as well as to dry-land, rain-fed farming.

On dry soils, teparies seem to outproduce most other field legumes. To-
day, by using fertilizer :7nd moderate irrigation methods, commercial growers

have harvested 1,100-2,200 kg of cleaned seed per ha. The record yield is

~over 4,000 kg for tepary beans grown in California under nfinimal irrigation.t

Their high protein content (23-25 percent) makes tepary beans fseeds)
nttritionally comparable to most economic legumes (sce Appendix A). They
are eaten like other dry beans—{irst soaked and then boiled or baked. Some
Indians also parch teparies and gririd them to a meal that can be added to
boiling water for “instant beans.”” In northern Mexico teparies are also popu-
lar as a base for soups and stews.

*For a discussion of runoff agriculture, see a companion report: National Academy of
Sciences. 1974. More Water for Arid Lands: Promising Technologies and Research
Opportunities. To order see page 329.

- ‘tHendry, G.W. 1918, Bean culture in Cahforma Umverszty of Calzforma Agricultural
Experiment Station Bulletin 294:285-348.

I Protein contents as high as 32.9 percent have bee recorded, for example, see Earle,
F.R., and Q. Jones. 1962. Analyses of seed sunMom I'13 plant families. Economic
Botany 16(4):221-250.
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. 2
Tepary bean field planted in bare sand dunes near Hoteviﬂe, Arizona. In this dr;f region,
where conventional crops cannot be grown without irrigation, Hopi and Papago Indians
still produce their traditional tepary beans without-turning on a tap. (G.P. Nabhan)

[n addition to the seeds, the leaves and young pods provide edible forage
for livestock., Tepury%ay is comparable to alfalfa (lucerne) in composition,
and in dry parts of the southwestern United States when irrigation water is
not available, the tepary sometimes outproduces alfalfa. Rhizobium strains
that nodulate lima beans and Ganavalia species (see pages 97 and 54) also
cause nitrogen fixation in tepary beans.*

Limitations

Some accessions of the tepary bean are so résistant to common bean blight
that plant breeders have used them to increase the resistance of other bean

o v

*lnt‘ofmation supplied by G.P. Nabhan (see Research Contacts) and J. Burton.
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crops by interspecific hybridization. But it is only mildly resistant to most
other diseases and pests. Furthermore, it is sensitive to salty soils and water,
which often exist in semiarid areas.

Teparies produce poorly and grow aberrantly in climates more humid than
the semiarid habitats in which they originated. The plant cannot tolerate
waterlogg‘ed“soils or frost. In temperate-latitudes (long day length) flowering
is delayed; the tepary bean is a crop for the tropics and subtropics (short ddy
length conditions).

The nutritional quality_ of teparigg, like that of other beans, is limited by
the sulfur contaihing amino acids a]%trypt'ophan. In coinp’arisons with pinto
beans, preliminary tests have shown\teparies to be relatively deficient in
methionine and lysine, yet nutrltlonally their amino acids are a nearly perfect
complement to those of cereal grains.

Reluctance to adopt tepary beans as a food staple may be due to their
small size, their tendency to cause flatulence, apd the longer cooking time
‘they require in comparison with more commeon beans.

‘ Research Needs . , .

-

Teparies seem eminently suited for dry-land farming in semiarid lands.
lhroughout the, tropics and , subtloplcs Trial introductions to Australia,

Tepary beans. (N.D. Vietmeyer) B
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Africa, South America, Asia, the Middle East, and arid islands in Oceania and
the Caribbean are recommended. In particular, the plant’s value as a dry-land
forage crop should be tested,

Since the spread of agnculture mto the traditional habitat of the tepary
bean, many of the plant’s locally adaf)ted ecotypes have fallen out of cultiva-
“tion; indeed, several varieties are near extinction. Germ plasm should be
collected throughout the bean’s former growing areas, particularly in Mexico
and Guatemala. |

Testing is needed to determine the range of genetic va'riability within the
species. The use of both wild and domesticated tepanes in new breeding
efforts could produce cultivars with higher yields and greater pbst resistance
and environmental toleran,;e

The precise water requirements and nutritive value of dlffercnt varieties
-are yet to be determined.

Teparies have long been adapted to floodwater agriculture during hot,
‘briefly intense monsoon seasons. They have been introduced into modern
irrigated agriculture, but little is known about the optimal time for supplying
them with water. With properly phased irrigation, they may prove suitable for
cultivation in gther horticultural and agronomic environments.

Through interspecific breeding, the tepary bean’s heat and drought toler-
ance may provide useful characteristics to other Phaseolus species. Through
an interspecific hybrid breeding program, it may be possible to develop com-
mon yl:é%m (Phascolus vulgaris) cultivars for usc in the hot, semiarid tropics

®
and sybtropics.
/ o

S/e’lected Readings )
7 Calloway, D. H., R D. Giauque, and*F. M. Costa. 1974 The superior mineral content of
some Amerlcan Indian foods in comparison to federally donated counterpart com-
' modities. Ecology of Food and Nutrition 3:203-211.
/ Freeman, G. I, 1918, Southwestern beans and tepanes University of Arizona Agricul-
rurall'xp(’rynont Station Bulletin 68:1-55. ]
Kay, D. E. 1978, Food Legumes. TPI Crop and Product Digest No. 3. Troplcal Produr‘ts :
Institute, London, pp. 494-503.
Nabhan, G. P. 1976. Teparies and other native beam (Phaseolus) in southwestern North
America. Journal of the Arizona Academy of Science 11:18-19.
Nabhan, G. P., and R. S. Felger. 1978. Biogeégraphy and ethnohistory ‘of teparies
" (Phaseolus acutifolius) in southwestern North:America. £Kconomic Botany 32:2-19.
Waines, J. G. ]978. Protein contents, grain weights and breeding potential of wild and
domesticated tepary bean. Crop Science 18:587-589. ,

/

;
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Research Contacts,

I°. Crosswhite, Boyce—'fhompson Sou‘thweste”rn Arboretum, Superior, Arizona 85273,
USA 4

R. S. Felger, Arizona-Sonora Desert Muswm Route 9, Box 900, Tucson, Arlzona
85704, USA . v
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G. F. Freytag, Mayaguez Institute of Tropical Agriéulture, PO Box 70, Mayaguez,

Puerto Rico 00708

H. S. Gentry, Desert Botanical Garden, Box 5415, Phoenix, Arizona 85010, USA

L. Hudson, Regional Plant Introduction Station, Washington State Umver51ty, Pullman,
Washington 99163, USA

L. Kaplan, Department of Biology, University of Massachusetts, Harbor Campus Boston,
Massachusetts 02125, USA-

G. P. Nabhan, Department of Plant Sc1ences University of Arlzona Tucson, Arizona

85721, USA
N. D. Vietmeyer, National Academy of Sciences, 2101 Constitution Avenue, Washmgton

D.C. 20418, USA
I. G. Waines, Department of Plant Scxences Umversny of Cahformd vaemde Cali-

. fornia 92521, USA .

Seeds can still bc bou;,ht at markets dnd stores in northwestern Mexico and on some
Indian reservations in Arizona. A 1976 plant explorations project of the U.S. Depart-
ment of Agriculture, implemented through the University of Arizona, has located and
conserved numerous stocks of both domesticated and wild teparies. A similar collec-
tion is maintained at the Depdrtment of Plant Sciences, University of California,
Riverside, California. Seeds are available through the appropriate contacts listed
above, '

There are few pulse crops so welL adapted to the lowland tropics—espe-
cially the highly leached, infertile soﬂs of the mate humid regions— as certain
varieties of the lima bearn.* | : i

Lima beans are one of the most w1dely cultivated pulse crops, both in
temperate and subtropical regions. But in recent experiments in Africa, some
little-known cultivars have given extraordinarily high yields in a Towland trop-
ical rainforest region. This is a particularly difficult environment in which to
grow crops— especmlly pulses—because the extreme heat and humidity foster
pests and diseases, suppress growth or kill the plant outn%ht Yet it is an

: ~ e
FIA

f

""Phaseolus lunatus L. (syn. Phaseolu$ limensis Macf.; Phaseolus inamoenus L.). Com-
monly known as sieva, butter Madaga$car, sugar, and towe bean.
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environment where malnutrition is often widespread and the need for nutri-
tious crops is great. -

Over the decades, researchers have expended much effort in breeding
bushy lima bean plants because, with their strong stems, they are self-standing
oand can be planted without expensive stakes. But the varieties that performed
so well in the African heat and humidity were the unselected, viny type.

Unlike other promising plants for the humid lowland tropics, the lima
bean is a familiar crop about which much is known. The challenge is to apply
knowledge gained from the vast cultivation of commercial lima beans to
growing the “primitive viny varieties” in this difficult environment.

Indigenous to tropical America, undomesticated -lima bean varieties can
still be found growing wild in the Caribbean area as well as in Central and
South America. The plant was already in widespread cultivation among Amer-
ican Indians in.Pre-Columbian times, and seeds from crops grown 4,500 years
ago have been found by archaeologists workirrg in Peru. Europeans first met
the plant 400 years ago in the vicinity of Lima. Today the lima bean is the
predominant bean throughout much of the American tropics. It is also a
major pulse crop in Liberia, Nigeria, and Burma. In poor soils of the lowland
humid tropics, it is better adapted and gives more relrable yields than com-
mon beans (Phaseolus Yulgaris). 0

In recent decades plant geneticists have improved the lima bean enoi-
mously, and a number of early-maturing, vigorous, disease- and pest-resistant,
non-toxic cultivars are widely avgilable commercially. This effort has focused
on non-viny types and on varieties for growing outside the humid lowland
tropics: Thus, the available varieties yiel¢ poorly in temperatures above 27°C
and ‘succumb to the onslaught of diseases and pests fostered by heat and
humrdlty

It is in experiments in the tropical lowlands of southeastern Nigeria
that the neglected viny types became laden with pods along their whole
length, with seed yields that are extraordinary for any pulse crop. They
often yielded 3,000 kg of dry seed per ha, sometimes even producmg 5,000
kg per ha.* ,

Usually the harvest can-be made within 5 months of planting, but growing
conditions cause this to vary from 3 to 9 months. The seeds are harvested
either just as the green color of the pods begins to fade, which gives succulent -
seeds that are cooked and eaten as a vegetable, or after the pods have com-
pletely dried out, giving a dry bean that can be stored and used as a pulse. *
In either case, the seeds have high food value (see Appendix A). "

Although green seeds and dry seeds are the main products from lima
beans, both the pods and the leaves can be eaten as a pot herb when they are
young and tender. y

4

*Information supplied by K.O. Rachie. See Research Contacts.
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throughout its

~The plant ltself is valuable for restoring soil tertility:
~growth, it sheds copious leaves, which decay rapidly and enrfch the soil,

~4With humid lowland plantation craps|such as rubber, the viny Hma bean .
. / ! - . . 1

can be employed asg a green manure and s a cover plant to protect soil from
n Colombia it has been found that

Q/f‘lmavy‘ rainfdll. At CIAT i
| ‘ e o -

‘the ravages

]

(E.N.O. Adimorah) B

Tropical lima beans, Cenfral Nigeria.

&
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viny lima ‘tieans grown in association w1@:can yleld 2 t of beans and St
of corn per ha.* -

" The Nigerian experience has been that the viny hmas are notably free of
serious diseases and pests. Also, unlike those of most mﬂse erops, the pods are
nonshattering, i.e.,; the seeds do not naturally fall from the dry pod ontp the
ground. '

Even though the viny limas are admuably suited to humid tropical low-

“lands, it should not be assumed that this is the only environment where they’
grow well. Indeed, they have been grown successfully -at -elévations up to
about 2,400 m and once established, are highly resistant to drought. Some
lines appear to be more cold tolerant than €ommon beans.
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‘Limitations =~ <. Y o,

The main- deterrent to the greater use of me limas is the general 1gnorance

. of thetr potential, range of adaptatreﬂ and of the practlcal aspects of their
" eultivation' and ¢S, - © - \ e

’ As. with_mofgt focally untned plants, reg)onal preferences and cooklng

methods pose™a problem, since othet pulses like cowpeas, common dry beans -

(Phaseolus vulp'am\ mbegn neas dr m_n_m_g-beanq have longer traditions -of use
throughoul the tropics. The lima’s longer cookmg time, especially as com-
‘pared wﬂ/h cowpeas, may be a partlcular drawback.

/T he plants prefer well-drained;-well- aerated, neutral (pH 6-7) soils. With .
_Aheir viny growth, they must be supported- {(that is, on other crops, trees, -
poles, trelhses wires, fences, or walls) Planting is done at the beginning of -
the rains, Although the plant accepts the widespread cowpea type of Rhi-

zobiym, 4 specific rhizobial inoculum is available.
‘Although they are widely eaten, limas are one of the few pulses that can
- contain toxic amounits of cyanide-producing glueosides. Usually- the white- -
seeded types are saf¢, but some dark-seeded ones are bitter tasting and must
be thdroughly boﬂeg and the cooking water discarded.

~ Lima bean plants are less affected by disease than ‘most: other pulses but

they do suffer from certain diseases. Partlcularly seriots are some of the léaf

- diseases such’ as cercospora and rust, as well as root-knot nematodes, viruses, |
and insect pests. Moreover, hma bean. plants can ‘become a reservoir of dis-
- eases and pests that can spread to other crops, especaally to othet pulses.

| Researeh Needs

'The most urgent need in raising the status of the lima bean is to increase
the recognition of its potential, especially for the more humid lowland trop-
° . . \ ‘ . . R

-":li':Information supplied by 3(0 Rachie: See Research Contacfs. = - . - .
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TROPICAL L}BMA BFAN : 101
ics. The lmm bgdn can often be used interchangeably with or as= *SGbstitute
for the majoy tropical pulses like the common bedn, cowpea, muig bean, and
peanut in the humid, fertility-depleted areas wliere the incidence of pests and
diseases-is high. The tropical lima bean deserves intensive efforts applied
toward: | |

e Assembling, exploring, and evaluatmg an extensive germ plasm col-
lection; ‘ v

° Ducnmmm;a the range of ecological conditions 'to which the lima bean
can adapt and the management factors needed for economical production:

e Developing effective controls for major pesfs and diseases, emphasizing
the use of the'plant’s natural resistance and cultural practices;

e Developing types with better seed qualities such as white or light-green,
sweelt-tasting, and quick-cooking seeds;

e Crossing pest- and disease-resistant varietics with high-yield varieties and
those with better seed qualities;

e Developing new genetic stdcks of both viny and bush limas, widely
adapted to hot climates; and

e Improving cooking methods to make lima beans more patatable and
nutritious and reduce the fuel required. -

SR,

Intensive research is also needed on the symbiotic nitrogen-fixation
- process in the plant and in the plant’s growth processés, biochemical proper-
tics, and protective mechanisms. » i .

Improved genetic stocks deserve agronomic trials over a broad range of
tropical environments, not only in the humid lowlands. & '

Bush strains of lima beans are available, but in the tropics they per rform
poorly compared with the viny climbers. Nevertheless, many farmers would
grow this crop more extensxvely if well-adapted, high-yielding, disease-
resistant, short-duration tropical bush limas became available.

el

Selected Readings-
A set of brief, but comprehensive, notes on the lima bean is available from James A.
" Duke, Chief, Plant Taxonomy Laboratory, Plant Genetics and Germplasm Institute,

United States Department of Agriculture, Beltsville, Maryland 20705, USA

Kay, D. E. 1978. Food Legumes. TP1 Crop and Product Digest No. 3. Tropical Products
Institute, London. pp. 302-326. ‘

Kernick, N. D, 1961. Agricultural and Horticultural Seeds. Study No. 55. Food and
Agriculture Organization of the United Nations, Rome, pp. 272-277.

Mackie, W. W, 1943, Origin, dispersal and varxabxhty of the lima bean Phaseolus lunatus.
Hilgardia 15:1-29.

Otoul, E. 1976. Spectres des acides aminés chez Phaseolus lunatus L., chez quelques
espéces apparentées et chez 'amphidiploide P. lunatus L. x P. polystachyus (L.) B.X.
et P. Bulletin des Rccherches,-%}gronomiques de Gembloux 11(1-2):207-220.
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Purseglove, 1. W. 1968. Tropical Crops.: Dicotyledons 1. John S/llu and Sons, New York.
pp. 296- 301,

Rachie, K. O,, and L. M. Roberts. 1974, T~rop1cal grain legﬁumes. Adlf'mzc'es in Agronomv
24.1-132.

Stanton, E. R. 1966. Grain Legumes in Africa. Food znd Agriculture Organization of the
United Nations, Rome: pp. 111-113, _ v .

Thompson, H. 'C., and 'W.. C. Kelly. 1968. Vegerable Crops, Sth ed. McGraw-Hill Book
Co., New York. pp. 454-458. '

The Tropical Grain Legume Bulletin often contains short articles and abstracts on trop-
ical lima beans.; The Bulletin is available from the International Grain Legume In-
formation Centre (sce address below). .

Westphal, T.. 1974, Pulses in Ethiopia, Their Taxonomy and Agricultural Significance.
Centre for Agricultural Publishing and Documentation, Wageningen, The Nether-
lands. pp. 140-151. \

Research Contacts

Chaire de Phytotechnic des Regions Chaudes, Faculte des Sciences Agrononuque de
I'tat, GemblouXx, Belgium (R. Marechal, Chef dc Travaux: I. Otoul; J. C. Baudet;
and M. Le Marchand)

2. V. Doku. Crop Science Departiment, University of Ghana, Legon, Ghana

Intérnational Grain Legume Information Ceéntre, International Institute of Tropical
Agriculture, P.M.B. 5230, Ibadan, Nigeria (D. Nangju, \gronomist‘ C. Wicn, Physio-
logist; D. Allen, Pathologist; S. R. Singh, “Imomologlst . Cavenes, Nematologist;
J. P. Baudoin, Breeder; and W. M. Steelg, Botanist)

K. O. Rachie, The Rockefeller Foundation, 1133 Avenue of the Americas, New York,
N.Y. 10036, USA. ‘

Rodale Press, 222 Main Street, 'mmaus, Pennsylvania 18049, USA (R. Harwood)

C. L. Tucker, Department of Agronomy and Range Science, University of California,
Davis, California 95616, USA

E. Westphal, Laboratory for Plant Taxonomy and Geography, University of Agnculture
37 General Foulkesweg, Wageningen, The Nethérlands



Ye-eb

The ye-eb,* a small bush native to the arid, semi-desert border region
between Somalia and Lthiopia, produces a nutritious and tasty nut with a
chestnut-like flavor, in a region with rainfall sometimes as low as only
150-200 mm per year.

The ye-eb is such a hardy shrub that during drought it is sometimes the
only food left for nomads. Its food value has at times enabled .destitute
Somalis to rely on it alone for subsistence. Yet until recently it has never
been grown outside its native habitat and the agronomic improvement of the
legume has not yet begun. Nonetheless, the plant may provide & valuable
food—and perhaps export item—for hot, dry regions, especially with low,
uncertain rainfall. It may well prove useful on sandy soils in many tropical
countries where irrigation is not possible and whete rainfall is too low far the
cultivation of more conventional crops.

In the arid hinterland of Somalia the ye=eb used to grow profusely In
1929 it was reported to constitute up to half the woody vegetation in many .
areas. Today it is much reduced, and it is threatened even further by regional
droughts and war. A dwarfed, many-stemmed shrub, usually about 1.6 m tall,
it grows up to 2.5 m tall in favorable locations. Long roots allow the plant to
tap deep soil moisture and it remains green yéar round. Yeé-eb reseeds itself
well but grows slowly, especmlly in the seedlmg stage while it is establishing
its massive root system. »

In its native habitat, the ye- eb is found in open bush savanna at altitudes
of 300-1,000 m. The red sandy soils are extremely poor. It is a frost-free region,
- with two rainy seasons, and an annual rainfall of 250-400 mm, though it is
" often below 250 mm. |

Before age 3, a young plant may bear a few pods, but once 3-4 years
old it will yield prolifically (under favorable conditions). Inside the pods are
from one to four round or ovoideseeds the size of a small macadaniia nut or

*Cordeauxia edulis Hemsl. Also known 4s jeheb-nut, yeeb hebb, ye’eb, yi-ib, \or yehib.
In Somali pronunciation, the word’s central syllable is a guttural sound. This is repre-
sented by the letter C, in the new Somali orthography, and so the plant’s name is now
spelled jicib in Somalia. Subfumily: Caesalpinioideae.
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| a large filbert (hazelnut). These can be cooked or eaten raw and have a
| smooth consistency and taste that one authoglikens to that of cashews.

When in season, the ye-eb is a staple of the poorer people living in the
Somali hinterland. It is much relished, often being preferred to the usual diet
of rice’and dates. Relatively few of the nuts ever enter commercial trade, but
each year sacks of them are brought to market in Somali coastal towns.

The seeds alone make an unusually nourishing arfd balanced diet. Although
their protein and carbohydfate contents'are less than those of most other
pulses, the sceds contain both fat and sugar. They contain starch (37 per-
cent), sugar (24 perccnt)@protcin (13 percent), fat (11 percent), and various
minerals,* and have a high energy value (scc Appendix A).

The mepst recent work on the ye- b myt’s nutritional valuet indicates that
its protein contains amino acids in similar, proportions to those found in other
pulse crops. For example, it is rich in lysine and deficient in methionine.
Trypsin inhibitors oceur in proportions similar to those in lablab beans (see'
page 59), but no trace of phytohemagglutinins, whose to\lutv 1S more
serious, was found. ’

Ye-cb leaves contain a brilliant red dye that stains the hands. Livestock are
fond of them and the bones of goats fed ye-eb foliage bumm stained a bright
orange. Leaf extraets~are vividly colored, form fast and mso}ublc dyes with
some metals, and Tave been used as mordants to dy¢ fabrics.

Limitations

enow beginning.
Cehtral Agricultural Re-
have grown slowly but nonetheless -
Kenya, some 30 plints have been

Some 50 young shrubs are under cultifation at ‘th"
search Station, Afgoi, Somalla where the
flower and provide druit abunddntly.
al the Galana Ranch. . -
: Secd germination of over 80 percent h.Js been dl.hlLVLd but pldnldlmn
cqlabhshmcnt is slightly less. The seedlings quickly develop a thinbut tough
tap root, which in the wild improves aecess to soil moisture and increases
chances of survival, but the tap root is a serious complication in the nursery
production of seedlings."Researchers now fel that seeding the fields directly
is probably the most satisfactory way to establish plantations. -
Although the shrub is essentially free of insect pests, ye-eb nuts themselves
are attacked by weevils and moth larvae. To combat this, Somalis roast or

A

*These figures, given by (;rceany, 1947 (sec Selected Readings), differ slightly from
those in Appendix A. ;
tMicge and Micge. In Press. See Selected Readings. )

6 o B T
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Thc bushhke ye-eb, near Belet UJen, Somalia. (J J Noms)

. boil the freshly picked nuts to kﬂl insects and to harden the shells and make
them less penctrable. This makes:it particularly difficult to get viable seed for
“planting. Even under the best of gonditions the seeds retain their viability for
-only a few months. )

Like other tree and bush trops, thc ye- eb is slow to mature and takes 3-4
years to bear swds

Research Needs

 ‘Since few nutritious plants suryive in the ye-eb’s native habitat, it is alsvays
much exploited—animals' graze the foliage, people remove virtually all seeds—

- but the last decade has seen niany years of drought, which has led to severe

overexploitation of the plant. During the extreme drought years 197321976,

" the bushes survwed\but failed to flower or set fruit. Furthermore, the Ogaden

region has recently beeii a war zonerand this combination of adverse circum-

stances puts the ye-eb in great danger of gktinction. R

To preserve the species, selected stands must be protected from grazmg
and from overexp}mtatnon and seed orchdrds need to be established both in
Sonralia and elsewhere.* In addition, germ Plasm should be collected and
‘“rushed to’ safekeepmg in al tkmperature -and humidity-controlled seed- storage
facility. T e . : ¢

It is recommended that agronomists in both Somalxa and Ethlopla estab
Ltsh; eebz\plantatlons for comparmg varletles Botamca] ‘and agronomic

b P

e

-

*[t s hL}irIenin'g to learn that the Somali government-has made an initial start on this by
fencing off a small patch of ye-eb between Belet Uen and Dusa Mareb and a 25-ha area
at Salah thdhddb .
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studies - of the plant in the wild are also recommended. Perhaps wild-stand
yields can be improved by fencing or by micro-catchments for rainfall-runoff
water.* This work will, in turn, provide more information on the plant and
its requirements. The ye-eb should also be tested in comparable semland
regions elsewhere in the world:

- i

. * J
Selected Readings . S

Bally, P. R. O. 1966. M‘iscellaneous notes on the flora of Tropical East Africa. 29.
Candollea 21(1):3-11.

. .Greenway, P. J. 1947 ./Yegeb. The East African Agricultural Journal 12:216-219.

Hemming, C. F. 1972 Ecological and Grazing Survey of the Mudugh Region, Somalia
Dem0crat1c Republtc Food and Agricultuge Organization of the United Natlons

el ,

*For an expla dthﬂ Gyf thls and other similar techniques, see a companion report:

National Academy of Sc1ences 1974. More Water for Arid Lands: Promising Techno-

logies and’ Research Opportumnes To order see page 329.
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Rome. (AGP:DP/Som/70/512 Working Paper, available from S. R. Risopoulos, Plant
Production and Protection Division, Food and “Agriculture Orgamzatlon of the
United Nations, 00100 Rome, Italy.) et

Miege, J., and M.-N. Miege. In Press. Cordeauxia edulis A. Caesalpinaceae of arid zones of
East Afnca Caryologic, blastogenic and blochemlcal features Potentl&l aspects for
‘nutrition. Economic Botany.

Westphal, E. 1974. Pulses in Ethiopia, Their Taxonomy and Agricultural Significance.
Centre for Agricyltural Publishing and Documentation, Wageningen, The Nether-
lands. 276 pp.

- ®

' Research Contacts

Mohamed M. Awaleh, National Range Agency, P.O. Box 1759, Mogadisho, Somalia

Peter R. O. Bally, P.O. Box 14084, Nairobi, Kenya

Central Agricultural Research Station, Afgoi, Somalia

Department of Natural Resources, Hargeisa, Somalia

East African Herbarium, Box 45166, Nairobi, Kenya (C. H. S. Kabuye and J. B. Gillett)

C. Hemming, Centre for Overseas Pest Research, College House, Wright Lane, London
W8, England v .

J. Miege, Director, Conscrvatmre et - Jardin Botamques Boite postale 60, CH-1292
Chambesy-Geneve, Switzerland: - '

National Range Agency, Somalia (S. M, A, Kazml)

~ I. J. Norris, School of Natural Renewable Resources, University of Arizona, Tucson,

Arizona 85721, USA | :
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On steep slopes and in semiarid lands where plowing is not practicable,
tree crops can often yield valuable harvests. One such crop is the carob,*
which holds special promise in hot and Mediterranean-type regions with ex-
tended dry seasons. Noted for its drought resistance, the plant is especially
useful where irrigation is impractical or rainfall unreliable.

Although for centuries this legume has contributed to the economy of the
Mediterranean basin, it has seldom .been farmed elsewhere. Yet millions of

‘hectares of land in the dry subtropics seem suited to its culture; in these
-areas, too, the carob could become commercially important.

~ Carob provides a wealth of products including food, forage, and industrial
gum, and it is useful for shade and erosion control. [ts pods contain more -
sugar than sugar beets or sugarcane. Its value was recognized by the ancient
Greeks&who brought it from its native Mid-East. to Greece and Italy, and by
the Arabs, who disseminated it along the North African coast and up into

" Spain. In the time of the Pharaohs, Egyptians fed their cattle on it and made

wine from its fruits. Today it is widely cultivated in the Levant (the region
stretching from Egypt to Greece), in Southern Europe, on Meditérranéan

~islands, and throughout North Africa. Carob is a substantial crop in Spain,

Portugal, Crete, Sardinia, and Sicily, and the beans are principal exports of
Cyprus and Syria. Cyprus alone exports 45,000 t of crushed, deseeded carob

pods annually; Western Europe, the United Kingdom, and the United States
. %

*Ceratonia siliqua L. Known in Arabic as “al kharoubah,” which, in other languages, has
given rise to similar names such as: kharuv (Hebrew), caroube (French), algarroba
(Spanish), carruba‘,(ltalian). Subfamily: Caesalpinioideae,
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are the main consummg nations. Export-pnces have shown an upward trend
in recent years. ‘

In the Levant, carob is one of the treés growmg in dry areas on hillsides
and in water courses; there are over 250,000 carob-treés in Israel’s forests. © ,
~ The carob is a,handsome tree, reaching over 10 m and having rich, glossy,
evergreen foliage and branches that are often contorted fantastically. Its tiny
red flower buds expand into greenish; or cream-colored flowers that eventu-
ally convert into thick, broad pods 10-30 tmi lohig., When tipe, the pods turm —
brown and begin to fall; those that fail to drop are easily shaken off or

Knocked-down _with a pole. Each one contains 5 15 very hard seeds* em-
bedded in a sweet, mealy pulp,
. The tree is less exacting in its soil requlrements than most fruit trees. It

- survives in a wide variety of soils, sometimes clinging to ‘hillsides that seem to

* be alrhost pure rock, and grows in stony areas unsuited to other crops pro-
vided iits roots-can- penetrate crevices. (In Cyprus holes have been blasted in”
rocky surfaces [kafkalla] to expose the soil below; carobs and olivés planted
“there grew successfully.) In addition carob can adapt to slightly alkaline soils.

. But it cannot withstand waterlogged soils, nor can it be: grown in wet ground
or in hard clay with poor drainage. The carob is commonly planted on hill-
‘sides above orange groves. The two crops have much the sarhe temperature
requirements, but the carob needs far less water.

" Carobs are usually started from seed, but can also be propagated by cut-
‘tings, suckers, layers, and mr-layemng "For fast-growing and high-yielding
~ trees, buds from a high-ytelding vanety are grafted to 3- to 4-year-old seed-

lings in the field. - @

The tree coppices well, and carob wood makes reasonable fuel.

, In Cyprus, carob plantatlons-usually have a density of about, 90 trees per

~ ha, and yields of 1.54 t of pods per ] ha are achievéd if the plants are grown

| under gand conditions and are well tendedT Elsewhere, much higher yields
,have been reported, and in a good year a single large tree may produce a tan
~of seed. In Israel in 1958, irrigated groves yielded 12 t per ha, whereas good,
fully bearing nonirrigated groves, -where-rainfall .exceeds.550. mm, yielded
‘about 7t per ha.t

Feed ° : 0 :
Carob pods make excel]ent fodder. In the Mediterranean reglon “where
_animals have been raised on them for several thousand years, the pods are
‘ voracrously “consurmed by-many kinds of livestock. Goatherds, for example,
- often beat down the pods with stlcks , : o w4

*The seeds ‘have ‘been used as welghts'by jewelers and apothecaries and are beheved, to
be the original goldsmith’s carat (a corruption of carob) wetght :
TDavres 1970, ¢

iGoor Ticho, and Garmi. 1958 '
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Carob tree. (Tate and Lyle Ltd, Group Rescarch and Development)

°

fatten and thrive on them. They were the feed that sustained Wellington’s

cavalry horses during the campaign against Napoleon’s forces in Portugal and-

Spain, since no otlrer feedstuff grew in the dry, rocky battle region. Today,
thousands -of tons of carob pods (w1th seeds removed) are exported to Brit-
ain, where, ﬂkc molasses, their sweelness is used to increase palatability. qt
dairy feeds. Carob-pod meal can constitgle up to 10 percent of the diet of
calves, kids, and dairy goats without adversgly affecting (heir growth. The
meal has a low energy content, bul Lmimalsﬂ‘taompensutc for this by eating
more. An Israeli variety [variety AA2 (Aaronsohn’s Plot)] has special promise
for pastureland because its pods fall off naturally and can:be graz}ed by live-

stock. . ‘ /“%{) . .
Food \ | u

Carob seeds and the sweet pulp from carob pods are supposedly the
“locusts and wild honey” eaten by John the Baptist in the wilderness. About
halt the weight of the pulp is sugar, and today it is sometimes sold as a dried
confection called St. John’s bread. Although usually eaten like candy, it can
~ be converted to syrup and fermented to a wine ‘or liquor. It is also widely
used to flavor chewing tob"uo‘gf;o, and the pods can be ground and used as a
flavorful choo@ldte substitute in cakes, bread, breakfast cereals, and candy. In

In food value, carob pods are almostequal to many cereal grains; livestock -
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Carob pods. (Mmnistry of /’\gricullur[‘\imdl}{u(urul Resources, Nicosta, Cyprus)

Germany and elsewhere, mdstud carob SCLdS have been used: d4s subsllluu
for coffee. \ ,

Carob seeds contain up to 21 percent prdlein, but they comprise onl‘y\:'
about 10 percent of the weight of the pod. When the whole pod is ground.
the resulting edible powder is about 7 percent protein, 30 percent sugar, and
9 percent fiber. Fat contributes only 1-2 percent of the pod’s weight, making
the carob a comparatively low—uletg,y food (l O calories per 100 g).

Gum

- By weight, about one-third of the carob seed consists of a mucilaginous
;:,um*‘ that is widely used as an emulsion stabilizer and thickener in ice cream,
cheese, and salad qilcssmgs It is also used in cosmetics, pharmaceuticals,
textiles, paper, and other industrial products. Carob gum, a neutral galac-
tomannan like other legume gums (see page 278), is commercially valuable
because it is especially viscous and is low in starch and other impurities. The
gum, present as an inner vitreous coating of the seeds. can be used in place of
somg expensive gums, including tragacanth (see page 284) and karaya. Carob
gumis mainly used in Europe; however, Japanimports increasing quantities. =

!

ariously known as carob gum, carob seed gum, locust pean gum; 1ocust. Lgmel gum,
fagasol, gum hevo, and gum gatto. g
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Forestation and Soil Conservation

[n semiarid regions soils are particularly vulnerable. If agricultural practices
are careless, the vegetation cover succumbs to drought, leaving the soil ex-
posed to sun and wind and subject to rainfall runoff and devastating erosion.

In suitable areas, the carob tree offers a way to control erosion. conserve
soil, and reclaim land at the same time it is producing a commercial crop.
Established plants survive drought and heat. In Australia, carob has been used
to reforest croded land in New South Wales and 1s recommended for wind-
Jbreaks in the hot northern districts of Victoria. Few other crop plants can
provide a cover of protective vegetgtion under such trying conditions. How-
ever, unless irrigated, the fruits are dried and shrivelled, have little com-
mercial importance, and the yields are very low.

Shade and Beautification

Throughout much of the Mediterrancan basin the carob, with its spreading
crown, is an indispensable shade tree. It is also commonly used to beautity
citics, and in Southern California thousands of carob trees line residential
streets.

Limitations

The cuarob, like most tree crops, matures slowly and most culuvars now
available do not begin to bear commercial quantities of fruit for 6-7 years
after planting. thn budded trees are planted. the harvests cun begin in 5-6
years. The yields oradudlly increase, reaching perhaps 45 kg in a trec’s 12th
__year* and, as previously noted, a mature. tree in good soil may produce as
mich-as. 1,000 kg. Some trees have a productive life of 100 years or more.

The carob- “tends toward alternate bearing and yields most abundantly
every second year. THis-is mnst pr()mmnccd“ when growing conditions are
poor. ‘ . .
The crop needs a dry Lllllld[(. Lhdmucn/tdb} hot, dry summers and cool,
wet winters. Although drought resistant, carob trees do not he ear commercial
crops unless they get enough rainfall. In Israel a minimum average rainfall of
about 550 mm is needed (o ensure a profitable crop. Two or three summer
irrigations will greatly aid the plant’s establishment, hasten trumnu, and in-
crease yield. Where annual rainfall is less than 400 mm. the crop requires

supplemental irrigation or a planting arrangement that exploits water har-
vestmgwL

*Coit, I. E. 1949, Carob Culture in the Semi-Arid Southwest. Privately published by W.
Rittenhouse, San Diego, California.

rgu. National Academy of Sciences. 1974. More Water for Arid Lands: Promising Tech-
nologies and Research Opportunities. To order see page 329.

i
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Another limiting climatic factor is dew. Frequent wetting of the leaves
enhances the spread-of leaf diseases, which leads to poor crops, and the carob
fails as a commercial crop in areas with more than 220 dew nights per year.

The crop is limited_to regions where temperatures are suitable for growing
olives or oranges. Al;hough withstanding light frost, the trees are killed (or
fruiting retardedy by temperatures below -7°C, Young trees are more frost
susccpl'ibvlné than old ones.

Most cardb trees are either male (staminate) plants that produce pollen or

female (pistillate) plants that produce the pods.* Plantations arc composed of -~

female plants interspersed with 5-percent well-placed male ones thit provide
the neegssary pollen even though they contribute o pods. In some tases' a
male branch is grafted to a female tree to pl()VldL pollen in situ. In street-
border plantings only female plants are generally used, as the male flowers
“have an unpleasant smell.

" The seeds require a simple treatment (using acid., boiling water, or sand-
paper) to encourage germination. But the lree itself demands little care, re-
gun;s almost no pruning once it is well established, and does not need fre-
;quent attention. So far, it has shown little susceptibility to serious disease,
except where. the roots are in damp soil, when root rol and root-knot nem-
atode can cause damage. Two carob pests, a red scale tungus and the carob
moth, also damage citrus crops. Furthermore, in héimid or summer-rainfall

= dlCdS the leaves and fruit gel infected with powdery\ﬁalldw fungus, though
resistant varieties are known. In storage, the pods are attacked by a number
of insect pests. . '
[n Isracl, carob cultivation has Become unprofitable in recent years due to
high wage rates and the amount of labor needed to pick the pods by hand.

>
-

Research Needs : |

The carob has been established in Australia, Argentina, the United States,
Mexm) Malawi, Rhodesia, and South Africa. One report states that it is one
of the few promising exotic species for the savanna-woodland zone -of
Ghana.t Thus it seems to have more widespread utility than is generally
recognized. Many regions that have warm, dry weather in late summer and
fall when the pods mature seem suited to carob.culture. These include large
areas in southern, eastern, and sub-Sahelian Africa; Persian Gulf countries:
. Australia; Latin - America; Pakistan and northern India; southern South
America; and Mexico and the southwestern United States. In these areas, the
carob may prove a dependable saurce of forage w1thstandmg drought better

¥A few catry both male and hermaphrodlte flowers and are self—polhnatmg.
tStreets, R. J. 1962. Exotic Forest Trees in the British C'ommonwealrh Clarendon Pless,
Oxford. @

/
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than some grasses and annual pasture legumes,-and trmlﬁ on the plant should

~. bestarted.

Centuries of cultivation have given rise to a large;f’numbcr"of varieties
differing in size and quality of pods; viger, produc’t’ivgﬁess. and adaptability
to various soils. A project is needed te, compare an;’f classify the character-
istics of the most useful varieties grown in Mediterranean countries.

Although the carob can grow well in poor soils/no one has demonstrated
that it nodulates and is able to obtain nitrogcn/mm nutrients by nitrogen
fixation. Research is needed to resolve this qucsllyﬁn

Trial plantings of new clones and the ¢ selectjfon of promising varieties are
basic research requisites for evaluating the. mmh potential in any specific
areq. : :

Improved control of the storage pests of cxfrob is needed.

Research is needed to test and 1mpmvc the synchronization ol pollen
~production om staminate trees with the recgptivity of pistillate trees.

Israeli researchers report the suucssi/ul usc ot purified sewage water to
irrigate carobs.* This important discovefy needs further testing and develop-
ment, Wastewater is a promising new/source for arid-land irrigation, T and

carob appears to tolerate moderate dmounls of some of the mineral salts it
contains. ’ /

//
t /
~ Selected Readings /

7
/

“A set of notes summarizing carob lrcp/ data in the files of thef] Yal Tropical Institute,
Amsterdam, is available from the/International Centre for Resedesh on Agroforestry,
¢/o H. 1. von Maydell, Leuschnergtrasse 91, 2050 Hamburg 80, Wl Germany.

Anonymous. 1972, Saving the lL)L‘i!lSI bean harvest in Cyprus. Tro]cal Science 14(4):
374-375. 7 A B ,

Artaude J.,J. Lsticnne, and M. (As 1976. Progres recents dans 'anilyse des gommes et
colloides végétaux naturels hydrosalubles. 11. Farine de caroub& Annales des Falsiﬁ»
cations et de I'l'xpertise Chirpique 69(737):23-45. ‘

Ashman, . 1965. Interim lu/)/)rr on a Study in Cyprus of lusect Infestation in Stored
Cmo/)( Mlmxlry ol Overseat Development, London, England. (mimeo)

(,Imr‘lldmbous )., ed. 1966. [The Composition and Uses of Camh Bean. Cyprus Agri-
cultural RL\LA}FLI] lnsmu(«; Nicosia, Cyprus. 50 pp.

Davies, W. N. L. 1970. The tarob tree and its importance in the agricultural economy of
Cymu.x. Lconomic Botarfy 24:460470.

Davies; W. N. L., P. L. Orphanos, and J. Papaconstantinou. 1971. Chemical composition
of dcvclopmg carob p' ds. Journal of the Scicnce of Food and Agriculiure 22:83-86.

Goor,; A. Y, and C. W,/ Barncy. 1976. Forest Tree Planting in Arid Zones, 2nd ed.
Ronald Prcss Co., Ne\i York. 504 pp.

Goor A.. R.J. Ticho, ahd 1. Q,.arml 1958. The Carob Agruultural Publications Seullon,
Mmlstry of Agrlcultérc Israel.

Karschon, R. 1960. Studies in \(urscrv Practice for Carob (Ceratonia siligua L.). Israel
Department of I'orestry Leatlet 14. Forestry Department, Tel Aviv, Israel. 8 PP.

*Gour Ticho, and (,erl 1958.
1 National Academylot Sciences. 1974. Reusing water. In More Water for Arid Lands:

Promising Teclmolo/gms and Research Opportunities. pp. 45- 53. National Academy of
Sciences, Washingtgn, D.C. To ordersee page 329
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‘Loock, E. E. M. 1940. The carob or locust tree (Ceratonia siliqua 1..). Journal ofSoutlz
Afrzcan Forestry Association 4:78-80.

Louca, A., and A. Paras. 1973, The effect of different proportions of carob ‘pod meal in
the dlLt on the performance of calves and goats. Animal Production 17:139-146.

Orphanos, P. 1., and; J. Papaconstantiipu. 19%%9. The Carob Varieties of Cyprus. Tech-
nical Bulletm 5. Cyprus Agricultural Research Institute, Mmmrv of Agriculture and
Naturgl Resoiirces, Nicosia, Cyprus. 27 pp. g

RolsFE. 1959. Locust bean gum. In /ndustrial Gums, ed. R. L. Whistler, pp. 361375,

* Academic Press, New York. '

Sekeri-Bataryas, K. "“ K. A. Mitrakos, and M. K. Georgi. 1973. Y|cldsQ£ tung,al protein
fromh carob sugars. 'conomic Botany 27(3):311-319.

Smith, [I. R, 1953 (reprinted 1977). Tree Crops—A Permanent . 1gr1(ujfuzc Devin-Adair
l’ub 1~.hmb Compang, Old Greenwich#Connecticut, USA.

Toth, 1L 1965. The forest aspect of a plantuuon in the Saham Revue Fore m('rc Frang-
aise ),/Nancy) 17:674-695.
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Research Con tacts

Agnculltural Rescarch Institude, Mlms"try of Ag,multuru and Natural Resources, NILOSIJ
Cyprus ‘ |
E. Alumot, Director, Department of Animal Nulnll_on. Agricultural Rescarch Orgunl-
utm.q P.O. Box 6, Bet Dagan, lsracl
. Ashman, British Developmunl Division-in Southern Africa, P.O. Box 30059, Lllong\u
3, Malawi
Department of Animal Science, TaLulty of Agnculture, Umversm of Stellenbosch, Stel-
lenbosch 7600, South Atnux (F. ' 1. van der Merwe)
Department of Fruit Growing, Ministry of Agmulturu Hakiryva, Tel Aviv, Israel (Sigler
Tomy)
Forestry Division, Agr]cultuml Research Organization, Hanot, D. N. Lev Hasharon, Ismd
(R. Karschon, Director)
Institut Univur\it.lirc de Technologie, rue des Geraniums, 13337 Marscille, Cedex 3,
France (J."Artaud) | ' :
Ministry of Commétce and Industry, Nicosia, Cyprus
A. W. Owadally, Conservator of Forests, Mlmstry of Agriculture, and Natural Resources
and the Environment, Forestry Service! Curepipe, Mauritius
Reforestation Service, Keren Kayemet, BP 45, Kiryaj Haim, Haifa, Israel (S. Weitz,
i Director)
'C. A. Schrocder, Department of Biology, UanLr'ﬂ[y of California, Lgs Angclc Cali-
tornia 90024, USA .
A. Lt Vlitos, Group Research & Development, Tdt(. and Lyle, Limited, P.O. Box 68,
Reading, RG6 2BX, England,
'« Bee Williams Carob Nursery, 2025 San Miguel Dr., Walnut Creek, California 94596, USA
The carob collection of the late Eliot Coit is located in Vista, California. Although it is
perhaps the most extensive bank of carob germ plasm ever assembled and includes
some 600 fully mature trees of different genotypes, it is likely to soon be lost to the
bulldozer because the site is planned for housing development. Researchers should
take advantage of this resource jwhile it is still available. (Information supplied by
D. M. Yermanos, Department ql)f Agtonomy, Universityr of -California, ‘Riverside,
California 92302, USA) ‘ | .
i
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‘Tamarind

The tamarind® is native to the dry savannas of tropical Africa: Sencgal’s
capital city is named after the tree, whose local name is ““dakar.” In ancient
times the tree was introduced to Asia by Arab traders, and with its pleagant,
acidic tasting fruit, it was so entflusiasticully adopted, especially orf the

. Subcontinent, that today the pldnt s botanic and common names both point
up its association with India. i :

Long ago the tamarind reached the New Wmld pxobabl) brought with the
first shipments of slaves from West Africa. In Caribbean and Latin American
countries the plant is much appreciated, as in Africa and Asia, for the suc-

" ¢ulent, sweet-sour pulp that fills its p()ds. Nevertheless, India remains the onty
country to exploit the tamarind extensively: over 250,000 # are harvested
there annually, 3,000 t of which are exported to Europe and North America
for use in meat sauces and beverages. G.

-Although it has.been in commercial demdnd for centuries,t there has been
nb research to improve the tamarind as a crap plant. Throughout much of the
tropics the plants grow untended along roadmdcs, in backyards. and on waste-
land. These untended, unimproved tamarind trees are nonetheless com-
mercially exploited, and a number of countries—Costa Rica and Puerto Rico
for example—produce canned tamarind pulp and juice. The Mexican govgrn-
ment has recently pldnted large areas with tamarind in the state of Guérrero,
but to date the only hature plantations are those in India. :

The tamarind has an attractive commercial future for producing drinks,

jams, and confections on an indlfistrial scale. The tree is so well adapted to
both dry savanna regions and monsoon areas with well-drained soils that it
deserves greater research attention fith extensive organized plantings.

T

*Tamarindus indica L. Subfamily: Caesalpmlmdem

tThe name tamarind derives from the Arabic smar-u’l- Hg,nd which means aate of
India.” Also ksown as tamarindo (Spamsh and Portuguesé) and tanfarin, tamanmer
tamarindier (FFrench). o

tMarco Polo recorded it in 1798 Ardb traders made it an 1mportant Lommemal item
in Medieval Lurppc and New tnbhmd sca captains commonly carried preserved tamarmd
from the Caribhean to Boston in the 18th and |9th centuries.

/\1 . | 117
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Tamarind  twee. Kabnataka, India. (Central Food Technological Rescarch Institute. .
Mysore) : 9

A handsome, short-trunked tree with a spreading frame of branches that
may reach 25 m in height, the tamarind has a great, dome-shaped crown of
graceful, airy lcaves. 1t is a long-lived tree, sometimes still productive after
200 years. It is drought resistant and is frequently seen in sandy soils near the
seashore. It tolerates widely different soils, growing best where soils are deep,
but with little or no cultivation it can flourish in poor soils, and even in rocky
terrain. Its strong, supple branches are little affected by wind,%nd it is known
as a hurricanc-resistant tree. ) - <

Showy clusters of pale-yellow, pink- vemed blossoms ¥urn into long, flat,
rust-coloregl pods that are usually slightly curved, sometimes with constric-
tions in the spaces between the seeds they contain. At maturity, the shell
becomes brittld and is casily cracked open to expose dark-brown, pasty pulp
" that encloses hard, shiny, brown seeds.

About half the pod weight consists of pulp, which has a sweet-sour flavor,
fof it contains both sugars (30-40 percent) and organic acids such as citric,
_tagtaric, acetic, and ascorbic (VlldIlllIl C). The pulp is a rich source of vitamins
and important minerals and contains more calcium than most fruits. Though
reputed to be richer in sugar than any other fruit, the pulp usually has an acid
taste. However, there is much variability between fruits from different trees:
some are almost acid free

The fully ripe, unshcllcd fruit has exceptional keeping qouitiés and is
often sold in native markets. The pulp can be pressed into ﬂaﬂ\{;orson;’;e loaves,

—t
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balls, or cakes (often with sugar added), for local sale or export. Average
“annual yields-from an adult tree are very ]{uge —150-200 kg of fruits per tree,
or about 12+16 t per ha.* ] :

The pulp is often eaten fresh, directly from the pod. But it is also used to
season many foods, for example, chutney, curries, preserves, confections, ice
cream, and syrups. When mixed with sugar and Water, it becomes a refreshing
drink, widely sold throughout Latin America. In Guatemala and Mexico, it is
Ldrbondted l:ukj()pedn and North American countries import tamarind pulp
mainly for use in condiments such as Worcestershire and barbecue sauce.

Although the pulp is by far the most important tamarind, product, the tree
is also used for other purposes. Young leaves, flowers, and immature pods are
edible. All are agreeably sour and are used to season rice, fish, or meat in
curries, soups or stews. The flowers can be an important source of honey.
Tdmdnnd seeds, now largely wasted, can be ground up to make a palatable
llvestock feed and can be processed to prepare a puuﬁed pectin-like gum (see
page 778) used for jelling fruit juices and stabilizing other processed foods.
~This is also used for sizing textiles, paper, and jute produets. In addition, the
seeds yield an amber-colored oil suitable for food or industriad use. )

The dark, purplish-brown tamarind heartwood, while hard to work,.is
strong and termite-proof and takes a fine polish. It is excellent for turnery,
toys, tool handles, decorative paneling, and furniture angl has been sold in
North America as “Madeira Mahogany.” Tamarind wood is also valued as a
fuel. When burned, it gives off intense heat, and in India it 1s a choice wood

“for firing brick kilns. Tamarind charcoal is of such high quality that it has
been used to make gunpowder and was a major fuel for producer-gas
(gasogen) units that powered Indian cars and trucks during World War 11.

Tamarind is also a useful species for beautifying and shading parks, back-
yard gardens, city avenues, and country roads. In India, it is particulzirly
common as an avenue shade tree. Around the trees the ground is usually bare
because of shading by the dense canopy, and in India tamarind is planted in
strips among forest plantations to-act as firebreaks. In the United States it has
recently been hailed as a splendid new free for indoor beautification.

Tamarind is;easy to propagate by direct sceding or by transplanting. Its
‘seeds remain viable for months and gernﬁnale rapidly.

Limitations

Tamarind is suitable for growing only in regions that have extended spells
of dry weather. In the humid tropics, where rain falls evenly year-round, the
dree refuses to bear and fails to grow unless the soil is well drained. The tree is
also sensitive to frost and requires protection when small.- .. =

*Information supplied by the Royal TrogJi»cal Institute, Amsterdam.
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Tamarind frdit. (N. D. Vietmeyer)
f’i . . .
The tamarind is slow growing and late to reach bearing age. Commonly | it
grows between 0.5 and 0.8 m pef yeuf and takes 10-12 years to mature and
yield fruit. Quick-maturing varieties have not yet been selected. ¥
_ In some areas, if tamarinds are left too long on the tree (and are not eaten
by monkeys or other creatures) they become infested with small beetles. This
can also happen in storage. s s ‘
The pedieels that hold the fruit to the trec~ are very tough: they ¢ mmqt be
hlokm off by hand wnhout damaging the fruit and must be dlppcd off, ,xh.
LY : R

Research Needs ! | S

- ¥The (amarinds-now growing thrqughout the tropics are not the produuts ot
any careful agronomic selection—they derive trom seeds picked up ‘at random -
in Afma or India. There is excellent potentlal for markedly improving the

crop. For example ofld trees bear exceptionally large pods wel ﬁllec{ with

3
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pulp; some are much less acid than others and are referred to as “sweet.” Su-
perior types like these can be successfully reproduced by air-layering and
grafting and bear fruit at a much younger :dge than seedlings. However, none
of these findings has yet been exploited commercially.

. Germ plasm collections need to be made in a region that stretches from
Senegal across sub-Sahelian Africa to the Sudan. Collections of Indian
tamarind types also need to be made, and there arc interesting genetjc typés
in Thailand and elsewhere in Southeast ‘Asia. From such a collection of germ
plasm, more plants with sweeter and juicier pulp are likely to be developed. as
well as quicker-growing varieties.
Tamarind’s commercial promise merits plantation trials in many parts of
the tropics. 1f the best available varieties are selected, the plant should prove
to he a profitable crop that, once established, requires little or no care and
~will bear for many decades. "
Since nothing is known of the tamarind’s nodulation and its ability to take
advantage of nitrogen fixation- by Rhizobium, research 1s needed in this, Aru
Efficient harvesting techniques also need to be devised.

/

-

Selected Readings
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A tamaringd l»ii)li(,);;ré;)l'iy’ 18 available from Service de Documentation, Institut bFrangais.
de Recherches Truitieres Qutre-Mer, 6 rue du Geénéral Clergerie, 75116 Paris, Frange,

Anonymous. 1976, Tamarindus indica. In The Wealth of India (Raw Materials Seriesy,
Vol X:144-122 Council of Screntitic and Industrial Rescarch, New Delhi,

Benero, Jo R A C ide Rivera, and L. M. [ de George. 1974, Studids on the preparation

* and sheltlite of goursop, tamarind and blended soursop-tamarindsott drinks. Jowrnal
of dgriculture of the University of Puerto Rico SB(1):99-104.

Benero, I R AL E Rodrpuez, and AL C.ode Rivera, 19720 A mechanical method tor en-
tracting tamarinds pulp. Jowrnal of Agriculture of the University of Puerto Rico
56(2):185-186.

Letevre, J-CO 1971 RLVUL de ta littérature sur le tamarinier. Fruits 26010):687-695.

Morton, J. T l‘)58 The tumarind (Tamarindus indica L), its food, muilunil and -
dustrial uses. Proceedings of the Florida S/(m Hortic ul(ural Su( um 71:288-294, -
(Copies avatlable trom author see address below.) o

Morton, 1.}, l%). Se Llllmmu confites con Iunmrihdo y maranondes® La Hacienda
55(7):44, 46. , . : ) L ‘ ‘ I ‘

Rao, P. 81959, Tamarind. In“/ndustrial Gums, ed. R. Lo Whistler, pp. 461504, Aca-
deie Press, New York, :

Savur, G. R.* 1956. Tamarind pectin industry of India. Chendisiry ind indusiry 13
212-214. ' -

Resehrch Contacts

Devendra B. Amatya, Forest Research Officer, Forest Survey and Rescarch OI‘ﬁL‘c. Dc-
pagtment ot Forestry, Bakar Mahal, Kathmandu, Nepal :

Assistant Conservator ol Forests (Sllvuullurc and Rescarch), Forest [)LDJFIIULHI P.O.
Box 1017, Kingston, Georgetown, Guyana

O W, Campbell, Univdrsity of Florida, Agricultural Ruumh and Idumtmn (mur

18905 SW 280th Strved, Hmnc\lutd I'lorida 33030, U SA
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~ Central IFood Technological Rescarch Institute, Mysore-2 (A), Karnataka, India (Y.S.

. Lcwxs)
Food Technology Laboratory, University of Puerto Rico, Agruultural l\pumunt Sta-

tion, P.O. Box H, Rio Piedras, Puerto Rico 00928 (M A. Gonzalez; Technigal Di-’
rector)

I‘orestry Research Institute of Nigeria, P.M.B. 5054, Ibadan, Nigeria (G. O. A. Ojo)

Institut d’Elevage. et de Médicine Vétérinaire Troplcau\ 10 rue Pierre Curie, 94700
Maison-Alfort, Frapce K

H. B. Joshi, Editor, Indian I'orest Rescarch Institute and” Colluzu P.O. New l-‘orcst,
Dehra Dun, Uttar Pradeshy India™s .

Mayagucz, Institute of Trdﬁlcdl Agriculture, P.O. Box 70, Mavauuu Pucrto Rico 00708

Andree. Millar, Director, National C‘dpntul Botanic Gardens, 4677 mvuxlty P.O., Port

Maoresby, Papua New Guinca-

Ministry of Agriculture and’ I orestry, Fofest Department,. P.O. Box 31, lmu:bu Uganda
(P. K. Karani, Deputy Chl&l FForest Officer)
. Morton, Morton Collectanea, University of Miami, Bax 248204, Coral Gables, Florida
33124, USA :

A. W. Owadally, Cbnscrvator of l or(,sts Ministry ol Agriculture, Natural Ruources and

the Environmert, Forestry Service, Curepipe, Mauritius

K. Vivekanandan, Rescarch Officer (Sllvmul[urfﬁ’ C(ﬂ\lu/n_))f the Conscrvator of Forests,
P.O. Box 509, Aolombo 2, Sri Lanka



. .1V Forages

o | - ’ F: <8
Forage Shrubs and Trees

s .
.,in sthe tropics, uncertain supplics and increasing costs of feed, fertilizer, and
food; coupled with projected population increases, are giving leguminous
trees whose foliage is browsed by animals a status they have never previously
enjoyed. o . ,

In large measure, the current underproduction of animal protein in the
developing woypld is caGsed by lack of forage. Trees and shrubs play a dual
role in the forage supply serving both as shade for grasses and as forage
themselves. In dry savannas in particular, shrubs and trees are very precious,
without them, stock raising would probably be impossible, for pdstun grasses
die when upper soil layers lose their moisture, but the trees’ roots exploit
deep unde[gloun%moxsture and they continue to flourish. During the dry
“season trees and shrubs provide green fodder—leaves, flowers, and fruit—often
rich in protein, vitamins, and minerals. In their absence, animals have onlyg
straw from native grasses. This poor feed causes avitaminosis, mineral defi-
ciencies, and severe debilitation. \

The shrubs und trees can be interplanted with grasses, tlms increasing the
“cafrying capacity of pastoral-areas and often supplymg the only brn/mg dur-
~inp drought or periods of the ycar when ofhér food is normally scarce. In-
deiLcl An savannas everywhere livestock and wildlife wotld barely survive g
bjal season were it not for the native lcgummous browse shrubs and fodder
trees. During the severe 6-month dry seaSon in ‘Bragilian savannas, for ex-
~ample, cattle obtdm as much as 60 percent of their forage from leguminous
shrubs and trees. (| T - .

Thanks to thelr rhizobia, many .of these trees and shrubs can grow in the
most barren terrain. A number of them (as well as a few npnlégumes) can
provndc fixed mitrogen Hiat benehts grasses and other ground'lwel forages In

. : ,.qu : y
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addition, they provide shade to the livestock. enabling the animals to graze
during the heat/of the day. The trees can also be used for firewood. charcoal
or sometimes fpod (leaves and fruit).

With their éx{ >nsive root system, trees and shrubs adapt-to atceplv sloping
lands where bo\&h grazing ‘and crop production foster erosion. theéy can often
grow in sites unsd\Jed for food production from wnventlonal crops. In doing
so, they may stabjlize sandy and erodmg 501l§ and- can protect thun from
terrentml down,pours and tropical wmdstorm,s

" Yet u)m[?(xed with the massive rescarch efforts on pasture grasses, re-

scarch on f()\db(. production from shrubs and trees is alinost nonexistent. The
subject falls /between the traditional training and purviews -of livestock re-
-searchers an 1d faresters and therefore receives sdant attention from cithier.”
“Tree and kﬁush forages have been du,ordcd so little attention that many pas:
toralists r;(bdrd them as noxious weeds and deliberately destroy them to allow”
grdssesvn(ore roorn. At best, the utilization of edible” trees 15 haphazard. Dur-
ing droughts, entire stands are often decimated for feed. At other tmws the”
trees are dc%royed by indiscriminate scrub durmb S B

‘The parpose

L]

of this chapter is to introduee some’ ]ngummuuc shrub:. dﬂd

trees that have exceptignal promise as animal feeds.*

.nto thc sand to muu\c lt\ organit

e, B}
:O . [

-~ a

"‘Suz also LhdplbrS on Acacza / 136) other forage’ acacms (page 141),
, Acacia sencgal (page 279), Prosopis spectes (page 153) Scsbamaqgrandzﬂom (page 185} /
~ tamarind (page 117), and carob (page 109) : ‘ C e
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Cassia sturtii

Considered unimportant as forage in its native Australia, Cassia sturrir*

~}-

providing nutritious forage in experimental projects in Israel’s arid region.

Awassi ragn at Beer-Sheva, Israel. Cassia sturtii is the most palatable browse spemes se-
lected in Israel. (M. Forti)

| ;
| *Subfamily: Caesalpmloldeae
+The promise of this plant is described in more detail in Na:fonal Academy of Sciences.
1975. Underexploited Tropical Plants with Promising Economic Value. pp. 118-122.

To order see page 329.
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Under the cqnditions of the Negev Desert, it has demonstrated betier year-
round palatability than any bush -yet tested. It also has good graking resis-
tance and the leaves have a protein content of about 12 pCI‘CCHI"\\"iIh dry-
matter yields (in two grazing pellods) of about 1.000 kg per ha in a scmiarid
(200 mm rainfall) area “

e mThe pldﬂlyltlds Min areas of 200-250 mm ol winter ramnfall, but also
 thrives M
those that are sandy and slightly alkaline, but does best in loamy soils,

The plantis also a valuable ormamental for dry areas.

areas-of greater rainfall. 1t will grow in a varicty of soils, including

Desmanthus virgatus

The genus 1)(’xman<gmx comprises several dozen species. some ol which
may prove o Be exteptional forage sources. De Simanthus virgatus* is the only
one mvullgdlcd so far. 1t is a small shrub, 2-3 m tall, native to tropics and

~ subtropics of the New World from Florida to Argentina and roughly re-

Ssemabling leucaena (page 131) in appearance. As a browsd shrub it has proved
to be very palatable; aggressive, persistent. and tolcrant ol heavy grazing
because its regrowth is rapid. - ‘

This plant’s climatic requircments are similar to those of leucaena. Its
foliage has a lower protein content (leaves: 22 percent, foliage with stems:
10-15 percent) than that of leucaena and 1t; yields are lower (7.6 t dry
matter per ha per year has been measured LH Sigatoka, Fiji, up to 70t of
~green foliage per ha per year at Kununurra, nolthem Australia). Nevertheless,
it deserves more widespread testing gecause, unlike leucaena, it is not toxic to
livestock. Also, its pithy stems are more easily harvested than leucaena’s
woody ones. -

“Wesmanthus virgatus llxes nitrogen ‘well, [t is so resilient that it can be
mowed four times a year. Constantly mowed plants develop a broad root
crown that may sprout as many as 50 slender stems.

Because of its vigor and prolific seeding, thls pldnl can become a trouble-
some weed in cultivated fields. -

Desmodium Species

Species of Desmodium® are so palatable and make such nutritious forage
“plants that they have been termed “alfalfas of the tropics.” Livestock of all
kinds relish both the leaves and young branches so much that many species

*Desmanthus virgatus (L.) Willd. Also known as Mimosa virgata L. Subfamily:
Mimosoideae. '

tSubfamily: P‘apiljonoideae.
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are being entirely eliminated by overgrazing.* Yet Desmodium species have
been accorded little attention in forage research in the tropics: most remain

wild plants and many probably still await discovery as forage crops. stor.

=

example, four little-known shrubs that deserve increased attentior are.

! . . N - . \c."tpf"j
Desmodium discolor, Desmodium distortum, Desmodium gyroides, mg}i’ .
Desmodium nicaraguense, o

4

et

Desmodium discolor. This vigorous, perennial shrubt (growing as tall as
3m) is native to subtropical regions of Brazil (Sao Paulo. Mato Grosso),
Argentina (Misiones), and Paraguay. Its clover-like leaves are extremely pdldL~
able to livestock and the plant makes LSpLCld”)’ useful supplementary grazing
in the late summer and fall when grasses have lost their feed value. The foliage
can be grazed or mowed (up to S cuts per year) and makes excellent hay and
silagé Its protein-content is about 15 percent, and annual productions of
about 30 t of green forage per ha have been recorded in Brazil.

Desmodium discolor bushes nodulate freely and grow well in pastureland
both in the tropics and bublropus. It has been introduced to southern Africa,
as well as to Fiji and Colombia. In southern Africa it has been used to
upgrade natural pastures by sowing seed into strips harrowed through rough
veld just before the onset of the rainy season. It can also be planted together
with com; the corn -yield is unaffected and the vulnerable Desmodium dis-
color seedlings are protected from desiccation and soil crusting. During the
first -year the foliage is too sparse for grazing, but after that the bushes

rovide a permanent source of h oh-rumht\/ feed. The

ivbLodope |88 (VARE S WL VY i1 (VALY |

dominate the weeds and
ullu
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plant grows best in.deep fertile, loamy soils but will gro uf)on many types
from acid sandy soils to loams

'(3

Desmodium distortum. A native of Venezuela and neighboring areas,
Desmodium idistortumi produces good crops of fodder (7 t of dry matter
per ha per year have been measured in Zambia, for mstance)

A many-branched pelenmal b}hsh growing to 2'm high, it has a coarse,
stemmy appearance, but its fohage is relished by cattle. Mature leaves have a
crude protein content of 22-24 percent. '

It is an éspecially promising forage crop- for the vast tropical areas with
acid soils. :In replicated field trials on an‘‘acid soil (pH 4.1) in Colombia,
Desmodium distortum, harvested- only 3 months after planting, yielded
1.4-1.9 t of green forage per ha; 2 months later a second harvest y1elded 2.8t
per ha.§

*Whyte et ah 1953.
tDesmodium discolor Vog. Known as horse marmalade (South Africa), marmelade de
cavalo (Brazil), and discolored clover.

tDesmodium distortum (Aubl) Macbride.
§ Information supplied by J. Halliday. See Research Contacts.
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Desmodium gyroides.™ Indigenous o South and Southeast Asia. thi
bushy shrub (reaching about 4 m tall) 1s very leaty and cattle graze it readily.
Although used "as a shade crop for young M and cotfee plants, Des-
modium gvroides has had only himited testing as a torage crop. It deserves
wider trials, for it establishes readil_\gfrum seed. grows vigorously even in poor
soils (both acid and alkaline), and thrives at altitudes ranging trom sea level to
[,000 m. Although it appears to have shight drought tolerance (it remains
fairly lealy through a 3-month drought), the plant tolerates waterlogging well -
and probably has great value for wet sites in the tropics and subtropies.

The foliage and succulent new shoots are palatable to cattle, water butfalo,
and goats. The woody stems usually prevent the plant from becoming too
heavily grazed: however, they are brittle and targe grazmg anmimals can damage
the plant. The plant coppices and regenerates hranches readily . so that 1t-can.
be cut and the forage carried to the animals. However. the bushes should be
well established before being harvested or grazed:. otherwise. they become
prostrate. No evidence of toxicity was found in trials conducted by the
Commonwealth Science and Industrial Research Organisation in northern
Australia.t

Apparently Desmodium gyvroides has no problem nodulatme~p new sites.

i Belize.

By

It produces abundant nodules with cowpea moculant and, at leas
it nodulates readily widh native Rhuzobiwm strains
Like leucaena (see below), Desmodium gyroides may well have importance
as green manure because of its abundant leat rall.
Desmodium gvroides germ plasm should be collected and promising strains
selected for high yield, stem suppleness, and tolerance to dry and wet soils.

One year old Desmodium gyroides. Belize, Central America. (J. Lazier)

*Desmodium gyroides (Roxb. ex Link) DC. Also known as Codariocalyx gyroides
(Roxb. ex Link).

+Unpublished results of the late W. W. Bryan.

tInformation supplied by J. Lazier. See Research Contacts.
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Nutntlona] content needs to hc analyzed in iy ",7‘};,‘
should: follow.,

Animal feeding trials

Desmodium nicaraguense.* This shrub, a native, of Central America’s
Pacific slope from Mexico to Nicaragua, is so nourishing to livestock that in
Guatemala and El Salvador it is known as “engorda caballo™ (horse fattener)
or “engorda cabras” (goat fattener). Its leaves and young branches are eaten
by livestock of all kinds and are locally considered excellent forage. The plant
grows wild and in abundance, both in wet or dry thickets and on rocky
hillsides. It grows up to 6.m tall, but livestock usually keep it cropped buck.
Although the shrub recovers quickly after grazing, it is killed outright 1f
cropped too close. The foliage contains about 22 percent crude protein and
can be harvested for hay or silage (up to 7 cuttings,a ycar have been achieved
in Costa Rica). The crop is easily established by direct sowing, seedling trans-
plants, or Cuttmgs and theplants can sustain hcavy competition from: Arasses
and other vigorous plants. ’ '

Q

Honeylocust

4

W

Native to hardwood forests of eastern North America, the honeylocustt is -

one of the hardiest, most adaptable, and most interesting fodder trees known.
Its plump pods, borne in profusion, can be filled with sweet, succulent pulp
relished by humans and animals alike. They constitute excellent livestock
feed, especially when ground or crushed to make digestible the high-protein
seeds, which are embedded in the pulp: Furthermore, the plant is deciduous
and sheds feaves during autumn when other forage is scarce. These, too, are
eagerly consumed by animals. In addition, its open fern-like foliage is trans-
lucent enough for plants such as pasture grasses or other crops to thrive
beneath its canopy—a two-story agriculture that makes efficient use of space.

A wide-spreading, flat-topped tree, the honeylocust may reach 45 m in
height. Although some bisexual types are known, most specimens are, either
male (pollen producing) or female (fruit producing). Trunks and limbs of wild
trees  usually bear ‘branching thorns, but thornless forms have been isolated
for use in cultivation. ' ‘

Easily grown from seed, suckers, or cuttmgs the trees grow fairly fast and
will bear pods from their fourth or fifth year. The giant pods can be up to 45
cm long and 5 cm wide. Top-yielding, superior cultivirs may produce an

astounding 450 kg of dry pods per tree per year. During the 1920s and 1930s,

*Desmodium nicaraguense Oerst.
tGleditsia triacanthos L. (sometimes spcllcd Gleditsctia). Subfamily : Mimosoideace.

(=]
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Honevlocust. Clennessee Valley Authoriny)

several Amernicin scientific organizations sponsored  contests o find the
sweetest honeylocust trees. Winning entries produced pml\ Wllll as mmh

39 pereent sugar. : -
i

Few tree species are as widely adaptable as the honeviocust. dnits ne Hive

habitat 10 thives i cold-iemperate o subtropical climates. Tois also well-

established e the Russian steppes. South Africanveld, and the Austrahan
Outback. The tree is known i Tunisia and 1t seems probable that honey-
locust will ;uiju's{' to many new. untried lntutm(ns. Tts climatic limits are
unknown. [t is. however, very Trost hardy s can be grown at least up o
1500 m LILVd ton. and seems particularly worth testing as a new crop for

hnplc;ll highlands such as - Nepal, northern Thailand. Central Atrica, and’

Latin America. Although moist soil 1s neededfor good growth . the honey”

locust’s deep roots make 1t drought tolerant where deep soil moisture is

availuble and 1t can grow well insenmarid regions. The tree also grows best in

30

3
«
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deep, sandy loam, but tolerates almost all soil types: acid to alkahne, slightly
saline, and sand teclay. _

Useful for a wide range of purposes in addition to supplying forage, the
honeylocust. makes an attractive ornamental or shade tree for hedges. shelter
belts, avenues, or rangeland. 1t puts out suckers, coppices vigorously. and can
be used for erosion control. Honeylocust wood is heavy, strong, and of gbod
quality for furniture, structural work, and general utility. It also makes excel-
lent fuel. For ornamental purposcs fruitless cultivars are available.

Any use of h()ncyl()ulst nmmploy thornless types; the thorns are sharp,
hard, and can’injure animals’ hooves. Thornless, high-sugar-yielding varietics
‘have been selected. Thornlessness is a genetically dominant trait, and these
types breed true without reverting 1o thorniness. Today. however, high-
yielding trees have to be produced vegctallvely by budding-or grafting, which
retards the widespread utilization of the species.

- Extreme care must be taken when testing the species in new locations. It
has a habit of forming dense thickets and has become a pest in Queensland
» Australia, for example! "

3

Leucaena =

-

ED‘ A . - ’ - 2 .

* .o This species,* a native of Central America, occurs both as a many-
branched shrub and tall single-trunked tree.+

Cattle feed on the leaves and stems of the bushy variety of leucaena in Australia. (R.J.
Jones)

*Leucaena leucocephala. Subfamily : Mimosoideae. - @

TThis plant and its use for forage, timber, and other purposes is detailed in National

Academy of Sciences. 1977. Leucaena: Promising Forage and Tree Crop for the Tropics.
To order see page 329

i
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In the lowland tropics, much prodein can be produced etfficiently and
cconomically from leucaena grown on well- drained . fertile soils and harvested
regularly as-hay or forage. A leucaena pJSlUIL. 1s almost 2 m high. Cattle are
lost among the bushes, only the tops of their heads being visible. But this
gives a leucaena pasture an added dimension: cattle find forage from ground
fevel to eye level. Sunlight penctrates through the plant’s open feathery
leaves, reaching the lowest branches and grasses beneath the bushes so that
they, too, provide healthy, vigoreus forage™ A ficld of leucaena is a block of
forage rather than a convgntional sward-like pasture.

Cattle relish the leaflets and young stems and often leave the bushes strip-
ped bare. But leucaena quickly regrows new toliage. and within 2 weeks a
“bare” field can be ready for grazing once more. So resilient is the plant that
pastures near Brisbane, Australia, have been browsed almost continuously for
about 20 years without requiring kroplantmu

Leuca@nd leaves, similar todalfalfa in digestibility. protein content. and
utritional value, are ])dlllLUIdlly palatable to dairy cows, beet cattle, water
buffalo, and goats. Under favorable conditions one hectare of leucacna can
prodace 10-20 ¥ of edible dry matter, compared with 8-9 t for altalfa,

However. leucaena forage has a drawback. Mimosine, an uncommon amino
acid, comprises about 5 percent of the protein of the leaflets. If taken in
excess, mimosine causes cattle to produce less than normal quantities of
thryoxine, a thyroid hormone. Eventually, the cattle lose tail and rump hair
and in extreme cases become completely debilitated with goiter. To avoid
this, leucacna must always be fed in combination with-grass or other Teeds
and kept to no more than one-third of the diet. New low-mimosine leuuaena
varieties, now in advanced development, hold great ‘promise as worry-free
tropical feedstuffs.

Nonetheless, two decades of xeseamh have shown that leucaena comple-
mented with grass can produce Leramdmary weight gains in cattle, and can
do so over extended periods with little or no adverse effect. Cattle feeding on
leucaena near Brisbane gained an average of almost | kg each day for more
than 200 days. This performance. included a winter period when the growth
of the leucaena slowed. During warm months, weight gains of more than 1 kg
a day were recorded.* Such growth is about twice what is normally expected
from anirhals grazing in tropical pastures; it approaches the weight increases
normally obtained only in feedlots.t

o}
*Information supplied by R. J. Jones, CSIRO Davies Laboratory, Townsville, Queent-
land 4810, Australia. .
TThis section adapted from Vietmeyer, N. D. 1978. Leucaena: new hope for the tropics
In Yearbook of Science and the Future, Encyclopaedia Britannica Inc., Chicago. pp.

-238-247.



FORAGE SHRUBS AND TREES = I ‘ 133

N

/
| =

Selected Read_L,gs P e_,+
. ’ [

. J :
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Desman th us virga tus

Skerman, P.J. 1977. Troptcal Forage Legumes. FAO Plant Productlon and Protection

Series No. 2. Food and Agnculture ‘Organization of the United Nations, Rome. pp.
494 495.

Desmodium Species - i

It
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5:151-153. T
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_ Desmodium discolor - , . Q

‘Boultwood, J. N. 1964. Two valuable perennial legpmes horse' marmalade (Dgsmodium
"discolor) and Kuru vine (D. intortum). Rhodesia Agriculture Journal 61:70-72.
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Desmodium distortum
i

Skeyman, P.J. 1977. Tropical Forage [egumes. 1'AO Plant Production and Protection
Series No. 2. I'ood and Agriculture Organization of the United Nuations, Rome. pp.
500-501. s .

Honeylocust

A comprehensive honeylocust bihliography is available from I'. S. Santamour, sce ad-
dress below.
Jurriaanse, A, 1973. Are they Fodder Trees? Pamphlct 116. Department of PForestry,
Private Box X93, Pretoria, South Africa. 32 pp.
Podems, M., and B. Bortz. 1975. Ornamentals for Eating. Rodate Rescarch and Develop-
““ment Report No. 2. Rodale Press, Inc., 33 East Minor St.. Emmaus, "Pennsylvania
18049, USA.
Santamour, I 11)78 Where are the swect honeylocusts today? Budletin of the Associ-
-~ ation of Arb()rcta and Botanic Gardens 12(1):24-28. (Reprints available from ihe
author, seec address below.)
Smith, J. R. 1977, Tree Crops, A Permanent Agriculture. Devin-Adair Publlshmg Com-
pany, Old Greenwich, Connecticut. pp. 65-79.

Leucaena leucocephala

National Academy of Sciences. 1977. lt’ucacna Promising Forage aml Tr(( Crop Jor rh('
Troplcs Natmndl Acaaemy of Sciences, Washmi,lon DL H15pp.

=}

Research Contacts -

4

Cassia sturtii i

Charleville Pastoral Laboratory, Charleville 4470, Queensland, Australia
Desert Botanical Garden, P.O. Box 5415, Phoenix, Arizona 85010, USA
M. Forti, Research and Development Authority, Ben-Gurion University of the Negev,
. ~ P.O. Box 1025, Beer-Sheva, Israel
‘=~ Herbariufi- of the Northern Territory; Animal Irdustry and Agriculture Branch, Depart-
v ment of the Northern Territory, Alice Springs, N.T. 5750, Australia
Los Angeles State and County Arboretum, Arcadia, Cahforma 91006, USA

Desmanthus v:rgatus : ' .

James L. Brewbaker Professor of Horticulture and Genetics, Department of Homcul-
ture, University of Hawaii, Honolulu 96822, USA

R. Burt, CSIRO, Davies Laboratory, Private Bag, Townsville, Queensland, Australia

Chltedze Agricultural Research Station, P.0. Box 158, Lilongwe, Malawi

CSIRO Division of Troplcal Agronomy, Cunningham Laboratory, St. Lucia, Queensland
4067, Australia

Msekara Regional Experiment Statlon I~ort Jameson Zambia

.W. . A. Payne, 63 Half Moon Lane, London SE24 9JX, England

José Ramirez Bermuidez, Instituto Técnico de Agricultura, Mlmsteno de Agncultura
Guatemala City, Guatemala

Makato Takahashi, 2810 Kinohou Place, Honolulu, Hawan 96822, USA
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__Desmodium discolor

Director of Agriculture, Suva, Fiji ~— -

Katapola [Farm Institute, Chipata, Zambia

Mount Makalu Research Station, P.O. Box 7,-Chilanga, Zambia

For seed sources in Brazil and South Africa, see Skerman, 1977, cited above.

Desmodium distortum

Beefl Production Program, Centro Internacional de Agricultura Tropical (CIAT), Apar-
tado Aereo-67-13; Cali, Colombia (Jake Halliday, Soil Microbiologist). R/u obium
inoculant“available.

CSIRO Division of Tropical- Agronomy, Cunningham Laboratory, St. Lucia, Queensland
4067, Australia

Department of Agriculture, Srlsomrong, Street, Bangkok, Thailand

Federal Experiment Station, Penang, Malaysia

- Indian Veterinary Research Institute; Isantnagar, India

Rubber Research Institute, Haadyai, Thailand

Desmodium gyroides _ 3

a

IDRC-Belize Pasture and Forage Legume Program, Central I arm, Cago District, Bellze ,
Central America (R. H. Neal)

_J. Lazier, c/o Soil Science, University of the West Indies, St. Augustme Trinidad, West
Indies

R. J. Williams, CSIRO, Cunningham Laboratory, St. Lucia, Queensland 4087, Australia

Desmodium nicaraguense - -

Direccién General de Investlgacwneq Agronomia, Nueva San Salvador, El Salvador
J. Halliday, Centro Internacional de Agricultura Tropical, Cali, Colombia
D. distortum for forage, a closely similar species.)

L)

Honeylocust

Frank S. Santamour, Jr., U.S. National Arboretum, U.S. Department of Agriculture,
Washington, D.C. 20002, USA
Gregory Williams, Route I, Gravel Switch, Kentucky 40328, USA 2

Leucaena leucocephala

An extensive list of research contacts is given in the NAS report on this plant, listed
above. I
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~__Acacia tortilis

The umbrella thorn,* one of the most distinctive and widespread of Afri-
can acacias, supplies fodder, fuel,” shade, and shelter in most ol semiarid
Africa and the Middle East.{ It is very resilient, often being the first tree to
colonize arid regions and the last survivor in the face of encroaching desert.
Even in the absence of all other feed, the pods of this plant are said to be
sufficient to fatteri sheep and othef livestock. Throughout much of Africa,
during the dry season when the pods fall they often provide the main forage
for cattle, sheep, goats, and wildlife.

Acacia tortilis, Senegal. (Centre Technique Forestier Tropical)

Surviving in the most refractory sites, the umbrella thomn is a promising
species for.afforesting dry, rocky, and sandy areas. For example, over the past

*Acacia tortilis (Forsk.) Hayne. Commonly called Israeli babool (Iridia), umbrella thorn

(Africa), haak-en-steekdoring (South Africa). Subfamily: Mimosoidcae. ,

+It is found in sub-Saharan countries from Mauritania to Sudan and in East African
.. countries from Ethiopia to South Africa. Also found in Egypt, Israel, Saudi Arabia, and

Yemen. : '
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15 years it has prﬁved to be the best multipurpose tree (out of 228 species

tested) for growir,‘!fg in the arid and semiarid regions of the state of Rajasthan,

India, becoming f‘a bdon té the people of the desert who suffer from shortage

of fuel, fodder,affd timber.”*

Acacia tortilis is usually a medium-size tree (4-20 m tall), sometimes with
several trunks that spray upwards and outwards and that support a flat-
toppe-d' umbrella of foliage. The foliage is feathery and typically acaeta-like.
Two kinds of thiorns occur on the trunk and branches: long, straight, white
thorns and small, curved, brown ones. The f{ragrant white or pale-yellow
flowers ace bo’rnd in round clusters, and the ripe frujts—yellowish-brown pods
(8-10cm long)—«zrc spiralled like a cod,spmng

The" plant has four distinct subspecies that exist in different geographical

zones.t They are:|
| i

- subspecies tortilis Sudan, Egypt, Arabia
subspe<:1es raddzana North Africa, tropical Africa
subspemes spirocarpa eastern and southern tropical Africa
subspecies heteracantha southern and northern Africa -

P

Although it thrives where annual rainfall is 1,000 mm, umbrella thorn is
also extremely drought resistant and can survive in climates with less than
100 mm annual rainfall and long, erratic dry seasons. The plant is so drought
hardy that specimens are sometimes found isolated in otherwise treeless arid
environments. In northern Sudan, as the desert expands southwards 4 cacia
tortilis is the last surviving woody plant to form stands on sandy soils adjoin-
ing the desert.

It does well, too, in hot climates with maximum temperatures as high as
50°C, and it grows where minimum temperatures are close to 0°C. The tree
favors alkaline soils, but grows well in sand dunes, sandy loam rocky soils,
and other soils that drain well.

Pods ate produced prolifically. They fall to the ground and are devoured
by wild herbivores, camels, cattle, and other domestic livestock. They are the
main sustenance for much of East Africa’s -wildlife. The foliage, too, is palat-
able. It is, for examplé, the major fodder for sheep and goats in the semi-
desert areas of northwestern Sudan.

Wood from Acacia tortilis is dense and is used for fence posts and for
manufacturing small implements and, articles. It has high calorific value
(4,360 Cal per kg) and makes superior ﬁrewood and charcoal. With the chron-
ic and 1ncreasmg fuel shortages in arid reglons this is a vitally important

v

*Roy, Kaul, and Gyanchand. 1973, The test included 56 acacias and 104 eucalyptus
species.

tBrenan. 1957. Some taxonomists maintain that subspecies raddiana is distinct enough
to be designated a separate species, A cacia raddiana Savi.

=
]
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property * ln . Rajasthan, lndra Acaqla ‘tortilis- plantations are, being estab- -
lished for fuelwood It is projected tihat the trees will be harvested on a »

~ 10-year rotatiort. The plant coppices wéll + so that there is no need to replant

trees after every harvest for fuelwood./

Acacia toi‘tills is excellent for sorl stabilization. In Rajas—than over 800 ha
of shifting sand‘dunes have been stabrhzed by planting the species. The seed is
now being distributed to other parts of India (including Haryana, Gujarat,
Tamil Nadu, and Andhra Pradesh) In the comparison. trials at the Central
And Zone Research Institute, Jodhpur, India, it was noted that Acacia rortilis
" grew twice gs fast as indigenous acacias and that the plant withstood arid

conditions better than Acacia mlonca Acacia senegal and the local Prosopis
species (see page 153). LIS ‘

With its dense, spreading, flat crown, the umbrella thorn dlso makes an ,
--lattractrve decorative tree that provides shade almost year-round. :

[
|

Limitations 4"

Acacza tortilis is a plant best adapted to hot, dry lowlands (below 1,000 m
rainfall) in the tropics. It will grow fairly well in shallow soils, though it then
develops long lateral roots that can become a nuisance in nearby fields, paths;”
and rgadways; In shallow soil the plants remain shrubby and must be widely
~ Spaced to allow for this lateral root growth. .

Plants less than 2 years old are damaged by frost and require protection.
Aqacta -tortilis should not be introduced to new areas where grazing and
firewood are in adequate supply, as it is likely that the species will grow out
~of control and, become a nuisance. This is part1cularry so in humid to sub
humid areas.
" A,cacza tortzlzs seeds are very hard, and a simple treatment (dlppmg in hot
water and soakmg over'ught) is needed to ensure quick and uniform germma-
tlorr Given this» treatment, the percentage of seeds that germmate is very
lu%h furthermore, the seedlings can be established i in plantat1o with little ~
loss. However, the seeds are very susceptible to attack by larvae Jbruchid
beetles. e _ I
The tree is usually slow growing. Its long thorns can be a nuisance.

"~

*See forthcoming compamon report F‘rrewood Crops Shrub-and Tree Specres for—En-
ergy Production. To order sée page 329. |
tBosshard, W. C. 1966., Forest- Research and Educanorr Pro;ect Pamplhilet No 1 7 Mrms-
Cotry of\Agnculture Khartoum, Sudan |

" Ay
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Research Needs - - | | \\ )
- o \ .
ACdcla [0 IS Ommél‘laea IOI' U']al plantlflgS ln emlana areas Ulat

face -severe shortages of forage and fuel, partrcularly here soil erosion,
desertification, or sand stabilization are problems.

Research should begin with searches throughout Eétst Africa and the
Middle East for Acacia tortilis germ plasm, Plant explordrs should look for
thornless types that grow rapidly. Needed are types with single trunks (for
wood production) and others with branches low enough for'browsing.

There have been some unconfirmed allegations; that Acaqza tortilis foliage
can become toxic to domestic livestock. * This needs mves\trgatlon and the
germ prasm should be screened for types without toxic principles. '
~ In some East African game reserves (for example, Tanzahra s Lake Man- -

‘ yara Park), elephants that.eat Acacia tortilis bark are destroymg the trees so
‘rapidly that the species-is likely to become extinct in those areas and some
;'_protectlon is needed. \

A The pods are heavrly injured by pest attacks. Investlgatrqn of control
treatments could aid hrgher production. ?' _
L Acaczaﬂomlzs a particularly promising species for use ‘with water-
: harvestmg techmques that use basins. or ridges to concentrate rainfall run-

off.f Trials with drffererrt systems are hrghly recommended

w .

! : ~
: ' ;
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Other Forage Acacias

The untapped potential of browse shrubs and fodder trees has been out-
lined (see puge 23). In addition to the umbrella thorn, several other species
of Acacia* are among the most promising and are discussed mn this chapter

There are about 800 species ot the genus Acacia. They are abundant

savannas and arid regions of Australia, Africa, India. and the Americas. Many

are exceedingly robust and grow under the most severe conditions. The
amount of protein-in their edible tissues is often high. Although the leaves,
pods, or young shoots of some species are toxic to animals, many provide the
main browse for wildlife and have fair-to-excellent palatability (or domestic
livestock such as cattle, sheep, goats, donkeys, and camels.

The great promise -of forage acacias is for dry regions where pasture grows

poorly or only seasonally. Many acacias have a fast-growing tap root that

enables them to utilize moisture stored in lower soil layers and to remain
green long into the dry season. They are often found in scasonally dry, sapdy
valleys and ravines; on gravelly plains, they are the chief source of dry-season

fodder in many regions. Both the foliage and the pods are potentially edible, .

though in some species only one or the other is accepted by livestock. The
bark "and fresh young stems of some species are also relished by certain
animals. |

Most acacias grow vigorously, co‘p;‘pice readily, and withstand heavy brows-
ing. The leafy branches can also be cut for fodder. within reason, without
significant damage to the plants. Many acacias are important to arid-land

grazing because of the shade they provide to livestock. In addition, the na-

tural fall of leayes and the large quantities of animal dung and urine return to

the soil much of the nitrogen fixed by the Rhizobium in the acacia’s nodules, .

and the hum/xj/s improves the soil’s fertility .and physical properties. This, in
turn, improves subsequent crops of grasses that share the soil. In addition,
certain palatable, low-growing species that die in the open thrive in the
acacia’s shade and protection. Thus grasses and acacias tend to be compatible
and to grow well in combination when the trees are widely spaced.

' *Subt‘arﬁily: Mimosoideae.

TSee also Acacia senegal, page 279.
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Acacias are also grown to control crosion, to stabilize sand dunes. and 1o
reclaim land lost to unpalatable grasses. In some cases. they can be cropped
for forage as an additional benefit. :

Acacia Mlowers are favorites of bees. Honey production can often supple-
ment forage production. Some say that acacia nectar s Unequalled i the

. tropics for producing honey. '
) Discussion follows of some promising forage acuacia species.

Acacia albida ' X

A most valuable plant, Acacia albida* is native 1o Afnica’s dry savannas
and riverine basins. It deserves to be better known in similar environmeits

Acacia albida, Niger. (Centre Technique Forestier Tropical) -

* 4cacia albida Del. Also known as Faidherbia albida (Del.) A. Chev., applering acacia,
ana tree, and winter thorn. This species is descfibed in more detail in a companion report:
National Academy of Sciences. 1975. Underexploited Tropical Plants with Promising
Economic Value. pp. 111-114, To order see page 329. |
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Native distribution of Acacia albidz'z. (G.E. Wickeqs)

- aged.

' Contrary to usual tree behavror Acacia albida retams its leaves through the
dry season and sheds them Just as the rainy season begms ThlS has a number
- of economrc benefits: '

o Forage is available thropghout the off-season when other trees are leaf-
~less ‘ '

e At Lhe end of the dry season, when feed is often-desperately scarce, the

— protein-rich _pods are maturing and drop off in huge quantities; -

elsewhere; even in Africa, its greater protectlon and use should be encour-

&

.~ During hot months the tree’s dense fohage provrdes cool shade for’ '

livestock A : )

- "e-The tree’s leafy crown protects the s011 when most grasses have suc- ‘

cumbe¢to drought, leaving the ground vulnerable to wind eros1on

. e The leaf drop and contmuous presence of lwestock near the trees greatly-:'
enrich the soil, makmg it more su1table for growmg crops’ among the scat- .

T

tered trees

‘e The' tree’s foliage falls off just when food crops are bemg planted per- " :

fectly timed for prov1d1ng soil nutrients when they are most needed (the heat -
atd humidity .at the rainy season’s onset fostermg qulék decay of the leaflets,

“and rap1d release of their nutnents) and
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e The tree’s lack of leaves during the rainy season enables sunlight to reach
the crops planted around it.

Found mainly in the wetter areas]of Sahelian savannas, from Senegal to
the Sudan, Acacia albida also grows along the rivers in eastern Africa as far
south as northern Transvaal and Botswana. Stands also occur in coastal areas
of Namibia and Angola, as well as in Israel and Lebanon. Because of its
drought tolerance, the tree is often the only one of any size to be {found. A
large tree, growing as high as 30 m, if has pairs of short white thorns tipped
with reddish-brown and a crown of blue- -green foliage. Although it prefers

-deep sandy soils and an annual rainfall of 650 mm, it deep groundwatm s

avaflable Acacia albida also thrives where rainfall is only 300 mm. After the
o }ts reach water, it is one of the fastest growing savanna trecs.

Acacia atbida has the unusual habit of growing new foliage during the dry season and
dropping its leaves in the wet season. African farmers take advantage of this and feed and
shade livestock bencath the trees during the. dry season when the foliage is available.
Then they grow crops beneath the leafless trees during the wet season. The accumulated
’manure remarkably increases crop yields. The picture shows sorghum growing beneath
Acacia albida in Sahelian Africa. (International Development Research Centre)
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Avidly eaten by sheep, goats,'camels, and cattle, the leaves, small branches,’

and twisted pods make excellent fodder and are much prized. Niger's dry
farmlands normally support only 10 cattle per km?*, but 18-20 cattle per
km? are possible where Acacia alhida grows. The pods can be dried and
stored for later use (which is not feasible with other acacia pods because they
split apart and disintegrate). Yields of 125-135 kg of pods on a single tree
have been recorded.* However, yields gf 400-600 kg of pods per ha are more
usual in the scattered trees in Sahelian savannas. -
Where Acacia albida grows, the land is favored for growing crops. Peanuts
grown beneath the tree have yielded twice as much as those grown further
away;t millet yield has increased five times when the crop is plantcd beneath
the trees. . '
In reforestation projects in Senegal, Upper Volta Niger, and Chad., large
“areas are being planted with Acacia albida on a. v1ll_age and community level.
Acacia albida can attain a trunk diameter of 1.5m, and it produces timber
useful for general construction. In the Sudan, this wood has been widely used
for school furniture, roofing, and boxmaking. The trees grow quickly Acacia
albida is recognized as the fastest growing acacia in South Africa. Trees have
reached 6.5 m after 4 years and 10.5 m (with a 9.4 cm diameter) after 7.5
years.
Acacia albida alsp makes a most useful ornamental and shade tree for
gardens and avenues!. Further, the plant’s spreading root system offers excel-
lent protection to the banks of watef courses.

A'cacia aneura, Mulga

Mulgaz is an outstandmg Australian fodder tree It is found in abundance
in the states of Queensland and Western Australiz and is espeually important
where annual rainfall is only 200-500 mm. Se¢h from a distance, mulga’s
pendant blue-green foliage creates the characteristic grayness of the dry grass-
land areas of the Australian Outback. In these areas pastoralists have high
regard for mulga and manage the trees as a reserve fodder source for use
during drought. The leaves and branches are lopped off or pushed down with

a tractor. A daily ration of 1.4 kg of mylga leaf (12 percent protein, 3 percent '

fat, 20 percent fiber) supplies sheepﬁ'with sufficient protein, calcium, .and
vitamin A. The mulga diet alone prdVi es adequate protein but insufficient
sulfur and phosphorus, and to maintain healthy sheep, supplements should be
available. An evergreen, mulga provides year-round fodder and shade.

At least 12 different forms of this species are known, and they differ in
their palatability to grazing animals. Some are straight-trunked trees reaching
*Information supplied dy C. Dancette and G.E. Wickens. See Research Contacts.

+Wickens. 1969. -
fA c&gia aneura . Muell. ex Benth. '

I




40 B L T s FORAGES

Sheep eating tohiage of Acgcia ancttra tmulga). (N.P. McMeniman)

=

;
9 m tall, but in arid arcas the plant is reduced o a shrub. Mulga grows on a
variety of soils including lateritic soils, friable clay loams, and even sand.
Mulga wood has striking color, with pale-yellow sapwood contrasting
sharply with the brown and black heartwood. For this reason it is much used
to make small objects, cspéciall\’ souvenirs, which™are widely sold in Aus-
Aralia. In addition, mulga wood (one of the hardest woods in the W(nla) is
much sought for fencing, pit-props in mines, and other roundwood uses. The
wopd also makes useful fuel, though it burns quickly and leaves no coals.”

,

“Acacia pendula, Weeping Myall

The weepi.ngﬂmyu]l‘.* a strikingly attractive tre ee with drooping bmmh
resembling those of a weeping willow. is one of the most graceful of all
acacias. s silvery-white foliage 1s readily eaten by sheep and cattle and is
sthought to be more palatable and nutritious than that of mulga (A cacia
aneura). In many uarcas uncontrolled grazing has exterminated this species. In
the interior savanna woodlands of New South Wales and Queensland., the
myall makes an excelfent standby fodder for drought years.+ :

“The tree reaches heights of 6-12 m (with trunk diameter up to 30 ¢cm) and
makes a [ine shade tree on farms. It is also excellent for windbreaks, orna-
mental plantings, and fencing. It prefers good soils (clays or black soils) with
access o groundwater. But it is exceptionally robust, and in its native habitat
summers are often extremely hot and annual rainfall is only 400-650 mm.

*Acacia pendula A Cunn. ex G, Don. Also called boree. .
TRecently introduced in Israel, the weeping myall is proving a valuable species for
gardening and landscaping under dry conditions, but preliminary grazing trials indicate
that other legume \h;uhx are prederred by cattle. Information supplicd by M: Forti. See
Research Con tacts.

/
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-~ Myall-wood has a peculiar vialet-like odar. It has a rich, dark color, beauti-

fully patterned. Thé wood is smooth, closely grained, and makes excellent
, fuel.

Acacia victoriae* ¥ -

This is a fodder shrub w1despread in semi- desert areas in'inland. Austraha
Its leaves are readily eaten by sheep and-cattle; its foliage, though not pro-
duced mlarge quantities, is a valuable forage supplement duringdry seasons,
‘ ~~fdr the plant retains leaves ygar-found except during extreme droughts. The
arub has shown excellent growth and survival characteristics in arid test plots
Israel, with good palatablhty durrng the winter growing season and excel-
1 nt abﬂrty to recover after ‘bing grazed in the most severe and mercrless
ay.”’t - : o : : _
| In its native habitat, Acacia victorige tolerates a w1de range of climates and
_sobils- ranging from sands to *heavy clays. It even grows on saline soils. Its
branches and twigs often exude quantities of a cl®ar, tasteless gum (see page
278). Though|analyzed for the first time in 1978, it seems to have outstand-
ingly good quahttes for use in foods and industry. Solutions of it are fre-
quently colorlgss, a very desirable property I '
Some forms of this plant are very prickly. But types that completely lack
thorns or ‘that ihave only a few small thorns are known, and only these should
- be selected for: .forageuse. . / '

“‘}Acacia victofiae, in bloom, Northern Territory, Australia. (J.R. Maoonochie)

*Acacza vzctorzae Benth Formerly reierred to as Acacia sentis F. Muell. Known COm-
monly as gundabluey or narran in Australia.

TInformatlon supplied by M. FForti. See Research Contacts. . ‘

:tlnformatron supphed by D. M Ww. Anderson See Research Contacts
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Limitations. =~ o

The Vigor and adaptability of acacias make them potential weeds. They -
may encroach on poorly grazed and poorlv managed pastuires, becomrng
noxious pests.

" Many acacias have long, sharp thorns or hooked prickles and are not

- readily eaten by livestock except in extreme .drought. However, some have
~ thorns only when young, and they mature into trees suitable. for browsing.

“Most Austrahan aca%as are thornless.

Generally, acacias are easily propagated by seed and adapt well to cultiva-
t1on The seeds have hard coats but germinate well after simple treatment by
standard horticultural methods that use hot water or sulfuric acid. However,
 the seedhngs long roots complicate nursery production, and establishment in

1, the field is made difficult by hvestock and wildlife, whrch relish the tender

seedlmgs

Dry-land acacias thnve in coarse, well- drained soils, while riverine species
can w1thstand prolonged waterlogging on heavy clays. Although extremely
haxsdy when mature, many species are frost sensitive when young. |

It is important to grow palatable grasses among the fodder trees. Without
such supplemental feed, the trees alone may be inadequate as feedstuffs.
Finding compatlble grasses is a major research challenge:

When cut for fodder, the trees have to be lopped carefully. Cuttmg and
breaking large branches reduces yields in succeedmg years. It has also been
_found that dead branches left’ danghng enable otherwise harmless grass fires
to engulf the trees.

‘The toxicity of some acacias is caused by cyanogenetrc glucosrdes Their
-palatability to livestock can vary with location. This may be due to changes in

‘toxic or other compounds resulting from differences in clrmate sedason, or

" locale. The palatability of ‘acacias also varies during the year; it is, usually

Research Needs\

lower at the end of the dry season when the leaves and pods have matured
and dried out. The pods of some species give an odor to cow’s milk and
_cannot be fed immediately before milking time.

Although they usually cause little problem, the pests -and diseases of

- acacias are numerous. Defoliation can be caused by beetles, looper cater-

pillars, and the wattle bagworm. Other potentral pests are scale insects, sap-
sucking bugs, termites, nematodes, and fungl The pods are often heavily
mfested w1th bruchid beetles ~

-

These forage acacias -deserve trrgls in suitable arid habrtats throughout the
world The trials’ should test the relatlve merits of the dlfferent species under

kS
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various rainfall, soil, altitude, and other environmental conditions. Forage
value and toxicity should also be monitored. '
" Methods should be dewsed for keeping the shrubs producmg optimally and
for getting maximum utlhza\tlon from them; this could include consideration
of spacing, water harvesting, and-'inoéulation, and the effects of fertilizdtion,
severity of "grazing, efficient manual and mechanical foliage harvesting
methods, and-drying (processmg) and storage of whole foliage versus leaflets
alone.* -
It is also importan{ to develop combinaﬂtion of acacia shrubs, natural
‘ grasses (or other edigb low-growing vegetation), ¥rrtroduced forage grasses,
~ and various grazing animals. By interplanting the crops, it.should be feasible
to dévelop combinations that greatly ir'lcreas)?l stocking rates while still pro-
ding balanced nutrition, extend-

ed grazing seasons, and shade. The: goal shoul(;l be ta create a planned and-
_ L;ma._rraged grazing system that avoidsthe seasonal : Cl’lSlS of the pastora] mdustry

- inarid locations, something easier said than done..

)
~1If great-care-is-taken; forage acacias can be introduced to. new/regions.

) ~_H0weVer their potential for- escapmg -and becorﬁmg weedy pests \must be

- guarded against and -the plants must be destroyed if necessary. This is a
specra] concern where, in the absence of grazing and periodic fires, impene-
trable useless acacia thickets may develop..

Different provenances of many acacia . species have dlfferent palatability
and degrees of thorniness. Care must be taken to select the most ustful types.

Sor\ne otheg, Acacza species worth testing in exploratory resear%‘h‘prmects
are: . v ®

Aéadia seyal Del. variety fistula. Considered the plant with the best fodder
“value 1n northern Nigeria and large parts of the Sahelian savannas—where it
grows 1n\ quantity on all types of soil, even heavy clay—this small tree is a
major source of dry- -season fodder for sheep and goats. Leaves, pods, and
flowers are all important feedstuffs. The plant is also found in the Middle -

East. Tts hard dark wood (shltt1m wood) was used by ancient Egyptians for

3 ~ pharoahs’ c\:ofﬁns Acacia seyal also produces a low-grade gum.

v Acacia senegal. Primarily known as the main source for gum arabic (see
- page 279). Grows on poor, sandy soils, in natural stands as well as iri planta-
tions. Leaves and pods_provide valuable fodder. A suitable tree for agro-

forestry systems under arid condltlons

> .

+.

*Some of these acacias could prove to have promiseequivalent to that of leucaena. —
- Ideas for tests. to conduct can be gleaned from a companion report: National Acade’my
of Sciences. 1977. Leucaena: Promigihg Forage and Tree Crop for the Tropics. To order )
- see page 329 B £ '
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Acacia gerrardii Benth. ssp negevensis Zoh. A species discovered in Israel
only in the 1960s.* Fairly cold tolerant and grows in Sinai and the Negey, up

| Af ahnA + QNN \‘rk ~tho ndiganniic enanriae ~h A rnnnin
'.U ILC.I.EILLD Ul aUUul. OuUwV 111 VWil U ULlI.Ql uu.uswlluua opLuivo Dub.ll a.a LAluliu

tortzlzs (see page 136) cannot survive. Given researth and testing ‘this species
could become 1mportant\for afforestation and amma,l fbedmg at }ugher tropi-

TN

cal altuudes than other Acacia spec1es T -

A l i B Y »

Skermah;. P. 1. 1977. 'Tropical Forage Legumes. FAQ Plant Production and Protection
Series No..2. Food and Agriculture Organization of the United Nations, Rome.
609 pp. .

- Acqcid albida B

- Anonymous. n.d. Acacia albida. The Miracle Tree of the Sahel Zone. Canadian Inter-

' ‘national Developmfnt Agency, 122 Bank Street, Ottawa, Canada, KlA 0G4. 11 pp.

(mimeo)

'[‘*Catmot R. 1974. Contribution du forestier 4 la lutte contre la desertxflcatlon en zones
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Felker, see Research Contacts.) -
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Foréts des Tropiques 135:3-20.
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Acacza aneura “o P

T
——— '\/'

A b1bhography ccTnTammg-eveleO\Acacm aneura refer\apces is avallable from N.P.

" McMeniman, see Research Contacts. T
. ‘Anonymous. 1973 The mulga lands of Australla. Tiopltﬂ_G/rasslands 7:1-170.

*See Zohary, M. 1972, “‘FIora PaIaestma part two Israel Academy of Scxences and Hu-
" manitiés, Jerusalém, Tsrael - y.
TInformation supphgd by M. Evenari. s

2
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Africa, P.O. Box 30677, Nairobi, Kenya

S. A. Radwanski, 4 rue Georges Bergere, Paris 17¢, France
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Acacia aneura, Acacia pendula and Acac:a lz{ctortae
D. M. W. Anderson Department of Chemistry, Umv%rsr of Edmburgh West Mains
' Road Edmburgh EH93JJ, Scotland (gum chemistry) ~
Animal Industry and Agriculture Branch Herbarium of the Northern Terrltory, Alice
Springs, N.T. 5750, Australia (J. R. Maconochre)
.Department of Primary Industries, Charleville Pastorzﬂ Laboratory, Charleville, Quecns-
- land 4470, Australia (N. P. McMeniman, L Bealc, andW Burrows)
Desert BotamcalsGdrden' P.O. Box 54]5 Phoemx Arizona 85010, USA (A. aneura and
A. victoriaey
.M 10rt1 Ben-Gurion University of the Negev P/O. Box 1025 Beer-Sheva, Israel ,
J.'E. D. Fox, ﬂ)epartment of Biology, Western Austrahan Institute of Technology,
Hayman Road, South Bentley 6102, Westerp Australia, Australia
Quecnsland- Department of Primary lndustrl S, meane Qucensland, Australia (J P. .
Ebersohn and J. R. Childs) "
Seed Section, Division of Forest Research/ﬂ
Austraha (J. C. Doran) ‘ /

f

P.O. Box 4008, Canberra, A.C.T. 2600,
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Prosopis Species

-

Forty-four species of Prosopis are recognized. At least three are aggressive
weeds that.cause great devastation to. subtropical grasslands. However, there
are six species that can produce useful forage and wood, where all other crops
fail, on the poorest soils in low-rainfall areas, and these are highliglited in this
chapter Several other species are potentially valuable, though they are now
used only in a very localized way. : »

* The three major weedy species are Prosopzs glandulosa Torrey* (a native

, of northern Mexico and ‘southwestern United States), Prosopis ruscifolia
Gnsebach (native to the Gran Chaco region from eastern Bolivia and Paraguay:

*In North Amenca the cornmon name mesquite is used for several Prosopis specres
~.whereas in South America the mame algarrobo is used commonly. Algarrobo is actually
the Old World name for .carob- (see page 109); the Conqurstadores applied it to Prosopis -
__specles_beeause of a carob like appearance. .
’ “Prosopis taxonomy is very confusing: In most of the general literature Prosopis
“glandulosa is designated as Prosopis Juliflora. This chapter follows ﬁn,dmgs of the recent
in-depth study by A. Burkart (sce Selected Readmgs)
Subfamrly Mimosoideae, - /
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‘to no/rth-central Argentina),‘ and Prosopis juliﬂora a native of Central Amer-
/ ulijio

.!"

" ica and the West~Indies).* These species can spread rapidly due to their easy

propagation and remarkable ability to withstand both the adverse conditions
that reduce the competitiveness of neighboring plants and heavy grazing.
Other Prosopis species lack the exceptional aggressiveness of the weedy
types but retain many of the desirable features. In general, their value lies in
redeeming semiarid land that would otherwise remain economically worth-
less; Prosopis trees are very drought resistant and are well adapted to the heat
and poor soils of dry regions. Various species of Prosopis were once the staff
of life for Indians in the warm deserts of North America, providing food,
fodder, fuel, wood, weapons tools, shade, and shelter. In the Atacama and
Gran Chaco Deserts 0f South America, they were also once of great value,
providing timber and other products for which no ‘other source was avallable

- Consequently, the natural stands were logged oul

Plants of Prosopis are medium-size shrubs or spreading, short-trunked

. trees, though with water available they can: dev lop into trees 20 m tall with

" trunks more ‘than 1 m in diameter. Most have spines on the branches, but

- pods, sometimes consuming much of the seed crop.

spineless forms of each of the important species are known to occur natural-

ly. The leaves, like those of so many leguminous t es, are compounded of
numerous small leaflets and have a feathery appeanzmce Flowers are small
and are usually clustered in elongated spikes or spherlcal heads.

Although generally growing along water courses[, Prosopis species often
form dense spreading thlckets They can tolerate, and even grow rapidly in,
barren wastelands if there is sufﬁment subterranea #vater They usually need
annual rainfall of 250 mm, but some specimens have been found well estab-
lished where annual rainfall is an incredibly lo
stand protracted droughts and can be relied on tp survive and even produce a
crop of pods (thodgh at reduced yields) dunng a/drought year.

Usually found on poor land, Prosopzs trees thrive in light sand or rocky

soils. Some species are remarkably: salt tolerant (seé below). At least several of
the species have nitrogen-fixing root nodules that support their growth in

nitrogen-poor soils. In most semiarid locat1ons a Prosopis tree’s growth is
unaffected by pest or.disease; however, weevil-like insects can invade the

Y

Because. the plants grow: readily from seeds and regenerate by suckers or

““coppice shoots, the trees show remarkable survival. I‘n addition to a consider-

able spreadmg network of lateral roots, taproots in search of groundwater
often penetrate 10 m of soil, sometimes reaching depths over 20 m.t

*Cultlvated in northeastern Brazll Peru, the Sudan, several Sahelian countrles South
AfFica, and India, this plant is a highly esteemed tree for sHade, timber, and forage But

" in the Canbbean region it has become a despised aggressive weed ¢

+The deepest plant roots ever recorded were those of a Prosopls velutina sp,\;v efi near '-3

Tucson Arizona, recovered from an open-pit copper mine at a depth of 53m

75 . mm. They easity with-
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Prosopzs pods are very palatable to llvestock ﬂ’lermo sheep, South Africa.
(I'.J. van der Merwe)

Prosopis pods are among the earliest foods known to have been used. by
prehistoric man in the New World, and up to modern times they have been a_
source of carbohydrate and protein for many inhabitants of North American
deserts.* Pods are produced. hanging on small stalks in clusters of up to 12.
Usually about 20 cm long, they are either flat or coiled into a spiral and
contain several seeds embedded in a sweet, dry, yellow pulp. The amount of
pulp (mesocarp) in a pod varies widely from tree to tree; in some, it consti-
tutes half the pod’s weight. The pulp is largely sucros®, and this sugar alone
often comprises one-third the weight of the whole pod in some species. In
others the amount of pulp is slight agd seeds make up:the bulk of the pod’s
weight. Livestock rehsh the pods; cattle sheep, horses, mules, donkeys goats,
and wildlife all eat them avidly.

Produced in profusion{—sometimes twice a year—the pods fall to the
ground when mature and are unusual among legume fruit in that they de not
spht open on drying, so that neither the pulp nor seeds are lost. The pods
from Prosopis groves in Hawaii, Peru, Argentina, and Chile have sustaired
animals for @ month or two each year without any other feed available.
: Alte;rratlvely, the pods can be gathered and stored for later use. With a feed

/vﬁlue roughly comparable to that of barley or corn, the pods, with their sweet
pulp and protein-rich seeds (34-39 percent protein, 7-8 percent oil), are
nutritious and are of great benefil to livestock in dry seasons when little
comparable feed s available.t

*Tociay, flour products made from the pods rémain popular although only sporadically
‘prepared by Indian peoples in Southern California’and Arizona; Sonora, Memco and
parts of South America.

tYields have been estimated to be well over 2,000 kg per ha in IOty ear-old Southern
California plantations receiving 250-500 mm rainfall annually (Felker and Waines, 1977,
see Selected Readings). Even higher figures have been reported from South Africa (Jur-
riaanse, 1973, see Selected Readings), Hawaii, Chile, and India.

}In some species the seeds are digestible only after grinding.

Sy S
£ ”
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.Some Prosopis species also yield edible foliage, but this seldom becomes’
an important feed. However, forage grasses grow well i in tombination with the
trees; indeed, the nitrogerr and shade provided by the Prosopis is often evi-
dent in the color and vigor of grasses growing nearby.*

In addition to being attractive to livestock, Prosopis species are favorites o
bees. Nectar gathered from the flowers yiélds a honey with superior flavor.

Prosopis wood is usually sinewy, irregular (unless plantation grown), and
of little use as lumber. It vanes in color from marbled yellow to the red of a
smouldenng fire. It takes a l?lgh polish, and with its striking grain it has been
equated with walnut, rosewood (see page 231), or mahogany.t Because most
available trees are small, crooked -and often hollow, only small wood pieces
can be obtained. Nonetheless/ they are in great demand because they can be

“made into beautiful parquet' floors, furniture, and tumnery items. Durable in
contact with the ground, the wood is much sought for fenceposts and small
- pilings. Blocks of Prosopis wood were the first street paving used in San

- Antonio, Texas. Furthermore, until 30 years ago major avenues of Buenos

(A

" Aires, Argentina, were ‘/cobblestoned with cubes of Prosopzs wood set on

sand and coated hghtly/ with tar. The resulting road surface waés smooth and

- noise absorbent and lasted 10-15 years.

- The wood’s greatest use is as fuel. In the past it was used to power steam
locomotives and industrial boilers (notably in Argentina, as recently as World
War II). Today it is still in demand in rural areas for cooking stoves and
heating. It has high calorific vatue, produces little ash, and yields charcoal of
gunpowder quality. The rootwood is very hard, has little sapwood, and in_
many localities is laboriously excavated for household or restaurant cookmg
It is much sought after for barbecues because it burns with httle smoke and

~ imparts a delectable flavor to meat.

“ An unusual use of Prosopis wood is-as a substrate for producing smgle cell

' protem Much experimental work has been done on this in Texas, and several.

mlcr})orgamsms caf be grown on the wood to produce Hotentlally valuable :
animal feeds. ‘ N

Species of Prosopis are prime candldates for erosion control for stabilizing
ifting desert or coastal sand-dunes, for windbreaks, for shelter belts, and.for
réforesting dry wastelands> For example, in India erosion cdused by careless

farming is advancing the Rajputana (Thar) Desert eastwards towards New
.- Delhi. Te_check the menace, a Prosopzs belt 3 km wide a.nd 650 km long is
being established. § , s kR

.The followi s1x specxes of Prosopzs show partlcular merit:

' *Soxl beneath. Prosopzs t\ees can be three tlmes richer in nitrogen than soxl more dlstant

from the plant (Felker and Waines, 1977, see Selected Readings).

“tDobie, I.F. 1943. The conquering mesquite. Natural History Magazine 51: 208 217.

tFor information contact D. W. Thayer, Department of Biological Sciences, Texas Tech
University, Lubbock, Texas 79409, USA.
§Douglas, J.S. 1967. 3D foresfry World Crops 19: 20—24

/
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Prosopis affinisiSprengel. A flat-topped, spiny, subtropical tree, 2-8 m
tall; irregularly branched; trunk short and up to 60 cm diameter. Native to
and important in the savannas of Paraguay, eastern Argentina, western Uru-
guay, and the extreme southwest of Rio Grande do Sul (Brazil). Cut on an
8-10 year rotation, it yields valuable feed and fenceposts of great durability.
Many ranches (estancias) ration its use. In open stands it enables vigorous
grasses to grow up beneath it. It also shelters the livestock and provides them
nutritious pods, especially during summer when little forage is available.

Prosopis alba Grisebach. A round-crowned tree 5-15 m tall, sometimes’
with a straight trunk as large as 1 m in diameter and as high as 10 m. A very
important native tree in arid (250-500 mm annual rainfall) subtropical plains
of Argentina, Uruguay, Paraguay, southern Bolivia, northern Chile, and Peru,
where it is cultivated to some extent. In northeastern Argentina, it is called e/
arbol, the tree, because of its usefulness and abundance. Valuable for wind-
breaks and readside planting, it is also vdlued as“a fodder and timber tree,
especially in afforesting dry and saline soils. The fruit is milled into flour
from which cakes are made for human consumption. It furnishes timber of
high value for construction, doors, and other uses.

Prosopis chilensis (Molina) Stuntz emend. Burkart. A round-topped, fast-
growing tree native to arid regions of Peru, Bolivia, central Chile, and north-
western Argentina where it provides a staple cattle feed. Found at elevations

-

‘ . -
A thornless Prosopis chilensis growing in a commercial nursery in Riverside, California,

USA. This variety is in much demand for landscape use in southwestern United States..
(P. Eelker)
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Prosopis nigra, Gran Chaco Desert, Argentina. (O.T. Solbrig)

to 2,900 m, the tree is importdnt for shade, timber, fuel, forage, and food. It
is sometimes cultivated in plantations in Argentina and Chile. Specimens that
lack thorns are known.

Prosopis nigra (Grisebach) Hieronymus. A rouﬁd-topped tree 4-10 m tall.
A valuable timber tree of the Gran Chaco Desert, native to southern Bolivia,
Argentina, Paraguay, and western Uruguay. Much used for furniture. barrels,
firewood, forage, food, shade, and ornament in this dry region. Nowhere is it
regarded as a weed. » | Y

Prosopis pallida (Humboldt and Bonpland ex Willdenow) H.B.K. A tree
8-20 m tall (but shrubby on sterile soil), native to the drier parts of Peru,
Colombia, and Ecuador, especially along the coast. Also found naturalized in
Hawaii and Puerto Rico. In Hawaii, 10-20 percent of the (rees are spineless.
Very valuable in arid conditions for shelter, timber. fuel. and forage. -

Prosopis tamarugo F. Philippi. A tree* reaching 18 m tall, native to Chile’s
northern desert plateau region, where it is the only tree that survives on arid

*This species is described in more detail in a companion report: National Academy of
Sciences. 1975. Underexploited Tropical Plants with Pr()misz')lgflz'cononuj’c Value. To
order see page 329. L
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Prosopis pallida, Piur'a, Peru. In the dry coastal region of Peru, Prosopis
pods are commonly fed to cattle, donkeys and other livestock. They are

»

also added to soups and are made into ‘“‘algarrobina,” a sweet syrup
used to prepare cocktails and fruit drmks (C. Lopez- Ocaﬁa)

éal‘t flats. The region is called Pampa del Tamarugal after i't. As it produces the
only available forage, lumber, and firewood, natural stands have been devas-
tated.,In the 1960s, an afforestation program using this species began trans-
forming tens of thousands of hectares of Chile’s northern salt desert into

~dense forests planted especially for raising sheep and angora goats, which feed

on the falling leaves and pods. Each tamarugo tree yields up to 160 kg of
pods, leaves, and small twigs, which layer the soil beneath and provide year-
round feed. ‘

The region receives only 100-200 mm rainfall annually and sometimes
gets no rain for years on end. During rains, the flats turn into salty marshes
that later evaporate, leaving a crust of salt crystals. Yet thousands of seed-
lings, nursed in seedbeds! are annually planted out into this fearsome land--
scape. In 1970, near Iquique, at least 100,000 seedlings were being raised and
each month 150 ha of desert were planted with this tree.
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| .
Prosopis tamarugo, Atacama Desert. Chile. (M. Sarquis)

e AR B

Limitations

The. aggressive invaders, Prosopis glandulosa. Prosopis ruscifolia. and
Prosopis juliflora should never be introduced to new locations. for they can
too easily become pests. Prosopis glandulosa (mesquite) is already considered
a nuisance, conipeting with grass for water and reducing the livestock-carrying
capacity of 30 million hectares of rangéland in the southwestern United
States. In addition, great caution must be exercised with other species. They
are plants for problem sites—arid and/or salty - where safer crops, for ex-
ample, Acacia tortilis (page 136), will not succeed. Prosopis species are not
recommended for good soils or moist locations.

Prosopis. thorns can be hard enough and sharp enough to puncture a tire,
and tare should be taken to propagdte only spineless lines of any spcuLs
selected.

When pods of Prosopis /)ulhda or Prosopis glandudosa are fed as the exclu-
sive diet. cattle become malnourished and develop “jawgnd tongue trouble.”

. with loss of weight and difficulty in chewing. This does not seem to occur
with Prosopis tamarugo.* Furthermore, in recent studies the Prosopis species
“(thought to be Prosopis juliflora) growing in South Africa has proved to
provide a fairly well balanced, highly digestible diet for sheep even when the
pods were fed exclusively.t Whether toxicity occurs with other species has
not been reported, but livestock grazing Prosopis'pods should always be man-
aged so that other feeds balance the diet.

Protein constitutes 60 percent or more of the seed. kernel’s wug,ht
remarkable proportion.t But for animals to benefit from this, the seed (or

*See Pak et al 1977.

+Kargaard and van der Merwe. 1976.

tFelker, P., and R.S. Bandurski. 1977. Protein and amino acid compaosition of tree
legume seeds. Journal of the Science of Food and Agriculture 28:791 -797.

>
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whole pod) must be crushed or ground; otherwise it passes the digestive tract
unused. Grinding is made difficult by the sticky pulp surrounding the seeds.
When livestock feed on the whole pods, the seeds that escape digestion
spread the trees from pasture to pasture, which ay not be desirable.
Although the plants establish well and grow \pldly seed bearing does not
begin for at least 2-3 years after planting. \\

\ , -
/ N 7 N ‘ \\{

Research Needs )

In their natural habitat, Prosopis species occur in many genotypes. Vari-
ation occurs in stature (shrub or tree); spines; size, taste, and yield of pods;
number of leaflets; and other features. It is important that researchers—
especially those in| Argentina, Paraguay, and Uruguay, where several useful
species are nat1ve+collect germ plasm and begin initial improvement by
selecting fast- gr()wmg, hlgh yielding types. In particular, it is important for
forage work that the lines collected and propagated be spineless and have
large seeds with little pulp surrounding themi, to balance sthe proportions of
protein and sugar.
It is"kmown that hybrids between species occur naturally,* so that breed-
ing for desifable traits appears promising. _

Superior spineless strains of £ affinis, P. alba, P. chilensis, P. nigra, P.

pallida, and P. tamarugo should be cultivated and tested at experiment sta-

tions in arid and semiarid countries. Selections can then be made for use in
local afforestation prbgrams. :

Agronomic aspects of harvesting pods, spacing plants, minimizing insect
predation, and other factors of cultivation need to be worked out. - ’

Selected Readings

F

Burkart, A. 1976. A Monograph of the Genus Prosopis (Mimosoideae). (Reprinted from
Journal of the Arnold Arboretum 57:216-249, 450-525.) The Arnold Arboretum,
Harvard University, Cambridge, Massachusctts. 113 pp.

Contreras, D. 1978. Esrado actual de conocimiento de tamarugo (Prosopls tamarugo
Phil.). Mxmeogrdphed report with many photographs. 28 pp. Copics available from
M.A. Habit. See Research Contacts.

Elgueta, H. S., and S .‘b Calderon. 1971. Estudio del Tamarugo Como Productor de
Alimento del Ganado Lanar en la Pampa del Tamarugal. Informe Técnico No. 3.
Instituto Forestal Santlago Chile.

Felker, P. J. 1976. Potentlal utilization of leguminous trees for minimal energy input

agriculture. Ph.D. Thesis, Michigan State University, E. Lansing, Mich. Available from
Univ‘ersity Microfilr)hs, Ann Arbor, Michigan 48106, USA. Order No. 77-18.478.
! ,

o . }.v .

*See, for example, Hynziker et al. 1975.
i
. ;
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Department of Animal®Scicnee, The University of Stellenbosch, Stellenbosch, Cape
Province, South Africa (J. Kargaard and 1. J. van der Merwe) ;

P. J. I'elker, Department of Plant Sciences, University of California, Rchr\ldL California
92521, USA

I'orestry Rescarch Instittite, PO Box 658, Khartoum, Sudan

M. C. lohnston, University of Texas, Austin, Texas 78712, USA : 3

B. B. Simpson, Division of Botanical Scicnces, U.S. National Museum, Smithsonian
Institution, Washington, D.C. 20560, USA

0. T. Solbrig, Gray Herbarium, Harvard Univcrsity,?’umbridgc, Massachusetts, 02138,
USA , . ' '

C. W, Weber and G. ubhzm:? Nutrition and Food Scicnces, University of Arizona,®
Tucson, Arizona 85721, USA
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" Prosopis affinis, Prosopis alba, Prosopis r'z‘igra

Botanical Gardens, Faculty of Agronomy, Av. San Martir

A. 1% Cabrera, Instituto de Botanica Darwinion, Labarden 200, San Isidro, 1640 Mar-
tinez, Argentina

Departamento de Ciencias Biel6gicas, Facultad de Ciencias Exactas y N‘aturales Umver-
sidad de Buenos Aires, Buenos Aires, Suc. 28, "Argentina (L. Bravo de Palacios, J. H.
Hunziker, L. Poggio, C. A. Naranjo, and R. A. Palacios)
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‘Acacia auriculiformis -

.@_

Natlve to the savannas of Papua New Guinea, to islands of the Torres Stralt
and to northern areas of Australia, Acacia auriculiformis* is a resﬂmnt vigor-
~ ously growing small tree. It deserves much increased testing throughout trop-
ical areas, especially those with dry seasons as long as 6 months. The tree’s
outstanding quality is its ability to grow on poor soils where few other trees
can survive. Its greatestpotential seems to be as a source of paper pulp, but it
is also promising for fuel, roundwood, checking soil erosmn and reclaiming
‘wastelands now lost to useless-weedy grasses. -

In its native liabitat, Acacia auriculiformis is a colonizing species. It pro-
7 vides the initial ground cover and shading for the establishment of rainforest

-spemes but is then itself unable to regenerate in the shade beneath the closed

rainforest canopy. An. evergreen with dense foliage and an open, spreading
crown, Acacia auriculiformis can reach a height of 30 m, with a trunk up to
60 c¢cm in diameter. It is, a very adaptable plant, and with practically no
maintenance it will grow in a wide range of deep or shallow soils, including

_sand dunes, mica schist, compacted clay, limestone, podsols, laterite, and .

~ lateritic soils. These problem soils are often poor in nutrients, but the plant
produces profuse bundles of root nodules and can often survive on land very
- low in futrogen and organic matter where most eucalyptus and other species
fail.

At Rum Jungle in nort\hern Australia, the tree grows on aIkahne (pH 9.0)

.. sand dunes as well as on acid (pH .0) spoﬂ from uranium mining, It is the

» "‘Acacza auLtculzformls A. Cunn ex Benth. (Formerly spelled A. aunculaeformzs.) Sub—

family: Mimosoidéae.

~
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o

Avenue of Acacia auriculiformis, Pctalfllg Jaya, Malaysia. (M. Ratnasabapathy)

only native woody plant adaptable enough to colonize these uranium spoil
heaps, and even on 20-year-old heaps it is the only tree to be found. In
Malaysia, A cacia auriculiformis has grown well on the spoil heaps left after tin
mining. In Indonesia, it has been successfully planted on steep, unstable
slopes for erosion control, and it is recommended for planting on the poorest
soils in national forests. It is also planted along road31des and—on large scale—
in privately owned fuelwood planbatlons

Because of its ability to grow on difficult sites, the species is now being
tested in Papua New Guinea, the Solomon Islands, Indonesia, Malaysia, India, .
Nigeria, and Tanzania. For example, in a recent 10-year trial in northern
Papui New Guinea, 19 tree species were planted on a degraded grassland with
low soil fertility and poor drainage. The region had been abandoned for
agricultural use, but Acacia auriculiformis and FEucalyptus tereticornis have
grown so outstandingly that this extremely difficult site has become a pro-
ductive forest. “The plantations are now a distinctive feature in an otherwise
nearly treeless landscape. Not only have they shown that this unwanted agri-
cultural land is capable of“pf;oducing rapid tree growth, but they have been an
important boost to extension plantings in the district.”*

Acacta auriculiformis is equipped to grow on dry, exposed sites. It thrives
in hot climates with mean annual temperatures from 76 to over 30°C. It has

*Lamb. 1975.




Five-yeai-old Acacia auriculiformis, Papua New. Guinea. This vigorous stand is located on
former farm land abandoned due to infertility. Of 19 tree species tested, Acacia auriculi-
formis was one -of two that could survive. Now this barren area is thickly forested and
productive once more. (For more information see text.) (K.J. White)

a thick, leathery *‘leaf” (actually a flattened and expanded leaf stalk) that
withstands heat and desiccation.

~Although well- adapted to drought, Acacia auriculiformis is also suited to ~
climates with annual rainfall up to 1,800 mm. Although native to low alti-

‘tudes in Indonesia, it is recommended for planting in areas too high for

leucaena* to grow satisfactorily.

Under optimal conditions its growth rate is unknown, but in the Papua
New Guinea trials mentioned before, trees established on small mounds (to
improve drainage around the seedlings) grew 6 m tall in 2 years (diameter 5
cm) and up to-17 m in 8 years. In Malaysia, transplanted seedlings on-clay
soils have reached a height of 9-12 m after 3 years; on nutrient-poor, sandy

soils they grew to 6 m in 3 years. In Zanzibar, on a shallow ¢oral soil, the

trees topped 9 m (13 cm diameter) in 8 years; in deep sand they reached
11 m (30 cm diameter) in 6 years.t In Indonesia, the species has shoyvn ax

*See National Academy of Sciences. 1977. Leucaena: Promising Forage and Tree Crop

~ for the Tropics. To order see page 329.

TStreets J.R. 1962, Exotic Trees in the British Commonwealth. Clarendon Press, Ox-
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moderate growth rate Wlth a produetlon of 17-20 m?* per,_ha per year dt‘
rotations of 10-12 years. However, on ‘very poor, eroded laterltle solls where

-many other trees will not grow, volumemerements of about 10 m* per ha per
year have still bgen obtained.* ) :

" Acacia auriculiformis seedlings grow so vigorously thzrte they can. if proper
ly tended during their first years, outgrow and smother dense /mperara grass.
This is an important finding because millions of hectares of tropical hill land
are lying useless, lost to. this pernicious grass weed.

Poor soils are enriched by the ability ofAYac 1'a auric ulr‘ji)mzi\ to ﬁ\ nitro-

nitrogen and builds both fertllrly and tilth.

As its trunk is generally crooked, the tree is not good #or sawed timber.t
However, the wood is well suited for fuelwood: it has 4 specific gravity of
0.6-0.75 and a calorlﬁc value of 4,800-4,900 Cal per kg. It 1s already estab-
lished in fuelwood plantatlons in Indonesia. The wood also yle‘?%is emellenl
charcoal.

However, the principal promise of Acacia auriculiformis is as a source of
wood pulp. Recent tests conducted in Australia Rave shown that 10-year-old
trees grown-in a Papua New Guinea plantation can be pulped easily by the
sulfate process and that a high yield of pulp is obtained. Both the sulfate
and NSSC (neutral sulfite semi-chemical) process produced “‘pulp with high
str‘ength properties that can be used to manufacture a wide range of paper
and paper-board products. Of the many Papua New Guinea plantation species
tested for pulpwo®d to date Acacia auriculiformis is the most promising.”}

The plant can withstand root competition from nearby trees and adapts
well to plantation cultivation. It is easily grown, flowers profusely and at an
early age, and continues fruiting almost continually so that its natural seed-
lings are always plentiful. The species is shade intolerant, so it can only be
regenerated in the open. Plantings can be established by direct seeding or by
seedlings transplanted from a nursery. The seedlings are hardy; plantations
require no extensive site preparation other than clearing vegetation. However,
during the early years weeds must be controlled.

- *At Pursowari, Java, on soils only 25-50 cm deep and suffering over 3 c¢m erosion per
year, Acacia auriculiformis production is still 9.5 m® per ha per year. No other vegeta-
tion grows on these heavily eroding slopes. (Information supplied by K.F. Wiersum. See
Research Contacts.)

fIn Papua New Guinea straight-stemmed specimens have recently been discovered and’
staked out for seed collection. (Information supplied by J.R. Luton. See Research Con-

“tacts.) For a related species that grows with a straight trunk, see Acacia mangium, page
194, :

tUsing only 13 percent total alkali, delignification to kappa numbers below 20 was
achieved with 55 percent yield of screened sulfate pulp. The pulp had high bonding
strength with breaking length and tearing resistance satisfactory for papermaking. NSSC
pulps also had strength levels similar to those expected of good quality sulfate pulp. (In-
formation supplied by A.F. Logan and FF.H. Phillips. See Research Contacts.)
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. The trees can be grown in coppice rotations, and natural regeneration of
cut over stands by séedlings is also facile.

With its dense fol\ige —which remains through the hot season—A cacia auri-
culiformis makes a useful shade tree and soil cover crop. It is an attractive
ornamental that withstands city heat better than mdst broad-leaved trees and
requires little attention. In Malaysia, it is being planted as an avenue tree
along many roads. It is popular also for shading factory grounds, school
compounds, playgrounds and parks.* In the Darwin area of Australia, it is
being used more and more as a quick-growing shade tree for parks and« road '
sides.

Limitations
Acacia auriculiformis has poor form for a lumber species. It can grow very
' large lateral branches that often beginhlow on the trunk. It is, however, easily
pruned. Branches break easily. in strong winds. '

It is said to be less fire resistant than eucalypt\t}N

Although it is drought tolerant, Acacia auriculiformis cannot withstand as
severe drought as can some hybrid eucalyptus, probably because its roots are
closer to the soil surface.

Rgsearch Needs

Acacia auriculiformis has much wider potential in forestry than has been
hitherto recognized. This tree’s qualities—especially its capacity to enrich
poor soils and to produce good fuelwood even in areas with an exténded dry
season—make it a very worthwhile species for large-scale exploitation as a -
fuelwood species. It has proven its ability to grow with practically no main-
tenance on many types of soil—from tin-mine tailings to compacted clay. But
extensive experience with it is limited to Indonesia, Malaysia, and Papua New
Guinea. Trial plantings on difficult sites in other lowland tropical regions are
warranted. Trial sites-could include barren soils, newly cleared building sites
or excavations where top soil has been removed, spoil dumps, eroding slopes,
laterite, sand, clay, and other soils whose texture and properties make silvi-
culture and agriculture difficult.

When the tree’s bark is wounded a polysaccharide gum exudes. Although
now unknown to commerce it has unusually high viscosity and molecular
weight as well as clear color, solubility in water, high acidity, and a pro-
‘tein content of about 7 percent. These are remarkable properties for a

*Ratnasakapathy. 1974.
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gum with further mvestrgatron 1t may prove to have consrderable economic
value.* '
- More 1nformat10n 1s needed on the quality of the pulp and paper from

- Acacia auriculiformis grown in drfferentz,areas and from drfferent provenarnces.

Searches should be made throughout northem Australia, Papua New Guinea,
West Irian, and islands of the Torres: Strait for straight-stemmed genotypes

R ——suited tothe production of timber and other wood products.f

In Papua New Guinea’s Western Province, Acacia crassicarpa and Acacia

'aulacocarpa occur together with Acacia aurzculrfomus. Neither has been

studied, although each provides an attractivetimber, for furniture and cabinet-

' making.i Exploratory-planting and pulping trials are recommended.

=
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*Informatlon supphed by D.M. W Anderson. See Research Contacts

tAs this report went to press we received information from J.R. Luton on one success-
ful search, footnoted on page 168. - h

tInformation supplied by J.F.U. Zreck See Research Contacts
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. - Albizia.* At least a dozen are big,- compound ‘feaved trees that are adapted to
. a wide variety.of soils and ermronments They appear well suited to cultiva-
". tion, show very rapid early growth, and seem likely to be efficient nitrogen

| planted exten,slvely, the others remain very restricted in their dlstnbutlon anj
F largely untested Thrs chapter highlights the promrse for afforestatlon pro;ects

f 3 : )/
“*Qften mnsspelledAlbtzzm Subfamrly Mlmosordeae ‘

‘@‘;

ln Afrtca Asia, and troplcal America are found about 100 species of

ﬁx@rs .Yet of these only two—Albizia falcatana and Albizia Iebbe[c—have he'en ya g

s
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of members of the gen
from which they are distinguished by taxonomists only by minute differences

‘in flower structure.

It is generally characteristic of Albizia trees that as pioneers of forest

regrowth, they produce seed abundantly, establish readily in the open, and are

very robust, thriving in diverse climates and-altitudes. They are also easy to

nrnnnnnfp and handle in nlantatinn nraductinn The rante nf 4A1hizia falcatraria
JJAUP(ABHLV CAAINA 12ddlINA1VW 111} lJlulll-ul-lU.ll lJlUuu‘l‘-lUll AdlWw LVIVUVD VL lllul‘-lu u,ull-ll (174

" bear abundant nodules and it seems likely that the other species do too. The
- resulting nitrogen-fixing &apacity, together with the plants’ prodigious

growth, make them good soil-improvement, cover, and green-manure crops.

denuded hill lands: The natural drop of leaves, pods, and small branches
contributes nitrogen, organlc matter, and minerals to the upper soil layers.
The plants’ extensive surface-root systems further improve soil-conditions by
breaking up hea/vy'" soils and providing channels for drainage and aeration.

' Because of their soil-improving traits and the light shade that their airy foliage

provides, Albizia species have been extensively planted in Southeast Asia as
shade and nurse crops for coffee, cocoa, tea, patchouli, and young timber

E pldIlLdl]Ullb as well as for supporis for pcpper vines.

Most Albizia species are attractive evergreens with sprays of graceful fo-
liage, small cream-white flowers, and may have long pods that rattle in the
breeze. Young trees are flat-topped or funnel-shaped, but in mature speci-
mens the.branch tips droop and the trees become niassive, grayish-white
trunks topped by a gigantic umbrella of foliage. o

The trunks are thomless and usually -unbuttressed. The open, spreading
canopy ideally suits Albizia species to agroforestry: In Java, Albizia falcatana
is already used extensively on small farms. Beneath the trees both annual and
perennial crops—such as hot _peppers, upland -rice, pinegpple, grass, banana,
bamboo, coffee, or fruit trees—can grow normally, providing a productive,
three-tier combination. The species also makes ﬁne shade and avenue trees.

leferent species are known to produce well in a w1de range of s01l ty pes
frof heavy clay to volcanic ash. They grow best in fertile soil, but generally

has been successfully established even on the tailings I&ft after tin mining.
Furthermore, Albizia falcataria can be established in land lost to the tenacious
weed Imperata cylindrica; if carefully managed it overtops and kills this
grass by cuttmg off its light.* :

3
*Because of its aggressweness Albizia falcatarza can be a noxious plant. It has the
“ability  to seed in prolifically beneath- compéting species and then overtake and shade

~them out. This has occurred in at least two high-rainfall, low-elevation areas in Hawaii. -

, so little exploited compared with Acacia, -

They- have particular promise for reforesting sub-marginal sites, like idle and,

. . & - -

" Although the trees grow taller and strzughter when crowded, the low
. crown is an adverse characteristic for a plantation species grown for timber.

have the ability to grow rapidly on infertile sites that are not waterlogged. -
- They tolerate acid soils (down to pH 4.5). Albizia falcataria, for example,
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Albzzza trees, like many Acacza species, exude a water-soluble gum if the
. trunk is damaged, and their barks also contain tanning compounds. At varipus
times, Albizia gums and barks have found commercial use. In some species
_the foliage is rehshed by hvestock These uses deserve greater attention from
researc\hers

The" various spemes produce wood with different characteristics. For
example, Albizia falcataria wood-is light, and soft, wood from Albizia lebbek

- is hard,. strong,"““and‘ resembles walnut. The woods are nonsiliceous, usually

 light colored with some open pores, and produce a sawdust that may- cause
sneezing:

Eleven Albizia species that deserve far greater recognition and more wide-
spread testing are described below.

. ASIAN SPECIES

- ~Albizia falcataria
. One of the fastest-growing trees in the world, this speciés* is native to
 eastern islands of the Indonesian archipelago (notably the Moluccas) and to
New Guinea (partlcularly West Irian). However, in the 18703 it was spread
throughout Southeast Asia from Burma to the Philippines.
The growth of Albizia falcataria is so rapid that the planf has been termed
a miracle tree. Measurements from ‘plantations in the Hawauan Islands (on
Kauai and Hawaii), in Malaysia, in Jndonesm (on Java and Kalimantan), and
in numerous Philippine locations conﬁrm that on sites with good soil and
adequate rainfall trees may reach 7 m in height in little more than a year,
13-18 m in 3 years, 21 min 4 years, and 30 m in 9-10 years.t After this,
upward growth slows down and the final height tapers off at about 45 m. In
plots in the Phﬂlppmes and in Indonesia stem diameters (at breast helght) of
the most vigorous young trees increased at about 5-7 cm per year.
Plantations of Albizia falcataria are extremely productive. On good sites
the trees can be closely spaced (1,000-2,000 trees per ha), which causes'the
trunks to grow straight and the crown of foliage to close quickly and shade
~out-weeds.§ In spacing and fertilizer trials, young plantations have annually

RO ]
*Albizia falcatarza (L.) Fosberg. Formerly known as Albizzia falcata (L) Backer and

Albizzia moluccana Miq., also called Molucca albizzia, Moluccan sau, jeungjing, or sengon
- (Indonesia), batai (Malaysia), mara (Sri Lanka) and falcata.

 tWalters, 1971; Chinte, 1971 ; Sprinz, 1977; Suharlan et al., 1975.‘
$Chinte, 1971, and Sprinz; 1977. '
§Crown closure at the end of the first year is not uncommon.

a
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3

Albizia falcataria, 9 years old, Ivory Coast. (Centre Technique For-
estier Tropical)

produced in excess of 50 m? of wood per ha. But a mean annual increment of
| 25-40 m> per ha in an 8- to 12-year rotation is a more likely expectation.
4 - The trees coppice vigorously so that (at least for some products) replanting is
not necessary after the first harvest.

Albizia falcataria grows so fast that it can be regarded as a cash crop;in a
World Bank-sponsored. project in the Philippines, it is now being grown for
pulpwood by thousands of small holders. It is harvested after 7 or 8 years,
with subsequent harvest on an 8-year cycle from coppice growth.

The wood is soft and light colored with a specific gravity of 0.30-0.35. It is

light- to medium-weight hardwood. In Hawaii during the early 1970s, about
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Albizia falcataria. Lindbergh tree. Surigao, castern Mindanao. Philippines,
17 years old, 96 cm diameter. Note person (circled) tor scale. (L1
Domingo) :

1 rhillion board feet of Albizia falcataria logs were rotary peeled and pro-
cessed for core stock. The wood can also be used for making matches. match
boxes, packing cases, tea chests, lightweight pallets, and shelves. and for other
general uses.

However, the greatest promise for Albizia falcataria appears to be as a
source of pulpwood. For certain grades of paper it can favorably substitute
for pinewood. The fiber has an average length of 1.15 mm, with thin walls
that give it flexibility and good fiber-fiber bonding in paper. The soft, low-
density wood is easy to chip and the pulp is obtained in good yield with fairly
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Test tube Albizia trees. Only a few woody species have been
successfully cloned so far by the new technique of tissue cul-
ture. Shown here are plantlets recently produced from A/bizia
falcataria seed tissue at the Forest Research [nstitute, College,
Philippines (see Research Contacts). Tissue culture is a promising
technique for mass producing large numbers of superior trees,
and it may prove widely applicable to 4/bizia species and re-
lated leguminous trees. (E. N. Crizaldo)

low use of chemicals. Because of its light color, only minimum bleaching is

required to achieve a really good white paper. The strength properties of kraft -

and soda pulps are comparable to good quality eucalypt pulps.* The neutral
sulfite semi-chemical process also produces pulps with excellent strength
properties. : : - ’

Although its geographic limits are unknown, Albizia falcataria seems to
grow well only ii“the wet tropics where rainfall is 2,000-2,700 mm per year
with at least 15 rain days during the driest 4 months.

Although the tree will survive on infertile sites, the exceptional growth

rates mentioned above will not be achieved and fertilization may be needed. *
Plantations of Albizia falcataria are prone to wind damage. The trees’ rapid

growth creates inherently weak limbs, and—with their shallow, often-exposed

*Food and Agriculture Organization ot the United Nations. 1975. See Selected Readings.
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Ioots——the trees can be compl’etely blown over or their. c;rowns ‘broken if -
exposed to hurricane-force-winds. . o
In cultrvanon the bark and foliage can be attacked by several insects that |
cause defoliation and §low the tree’s. growth. Frequent attacks by*caterpillars,
monkeys, and deer have been experienced in Indonesian plantations logated -
adjacent to rainforests; the tree recovers well from defoliations but will
sprout multiple branches if the leader stemis broken.. - - ¢+

- Albizia lebbek | g ’

A’ quick-growing tree native to tropical Asia, Africa, and northern Aus-
traha Albizia lebbek* is planted as a shade tree and is already naturalized in
most parts of the tropics. Its value for afforestatlon is not widely known;
only in India is it cultivated in plantations.
~ When grown in the open, Albizia lebbek looks remarkably like the raintree
" (Samaneéa- saman, see page 202), with a giant spreading crown. However, in®
the closed forest or in crowded. plantations it produces a tall, strarght bole. 1ts-:
* cani reach 30 m in height and a diameter of 2-3 m. :

Not e){actmg in soil requrrements the tree c4n grow fairly well in laterite,
san@y ground near the seazt and in other problém soils. Much of its native.
habitats (northern India, for example) is characterized by extremes of cli-
mate—long, hot, dry summers and cold winters, with mean temperatures
ranging from 5° to 46°C. It is found at altitudes u&to 1,500 m in both dry
and moist forests, with annual, ramfall as dlvergent as 600-2,500 mm.

In addition“to hardiness Albzzza lebbek offers qulck growth. In trials in
ngena annual’ growth has averaged almost 1 m on deep drift sands and 1.5 m
on heavy loams.i In India plantatlon trees have reached mean heights of 18
_m and diameters of 66 cm in 10 years. There the trees are extensively planted
along canals and roadsides, in' wastelands, courtyards, and village bommon
- lands, and as a coJer crop in tea and coffee plantations. |

The species can be raised easrly from seedlings or stump planting, even
direct sowing is very successful. It coppices readlly The red-brown gum from
its trunk has been used as 4 gum arabic substitute. Its foliage (protein content
30 percent) is lopped for fodder and also makes good green manure.. ~

Albizia lebbek is a Very' promising species' for fuel forests.§ The wood
bums well (with a heartwood calonﬁc value of 5 166 cal), and the trees

*Albzzza Iebbek (L.) Benth. Commonly known as siris tree kokko, East In an walnut

TFor example it has survrved in soﬂ@wrth up to 0 11 percent salt and pH 8.7}
:l:Informatron supplied by R. W, Fishwick. ’See Research Contacts. '

7 §See forthcommg companion réport: Firewood Crops: Shrub and Tree Species for .
. Energy Productton To order see page 329.
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coppice easily. The hard, dense (specific gravity 0.55-0.90), close-grained
heartwood is similar to walnut in color, with attractive black and gray streaks.
It is strong and elastic and makes handsome furniture, cabinet work, and
paneling. The burr wood is particularly prized for veneer.

Albizia acle

Considered one of the best cabinet woods of the Philippines, 4 /bizia acle*
is a tree up to 1.25 m in diameter (though often short and crooked). Its hard,
very durable, warm-brown wood has beautiful grain and is used for interior
finish, paneling, and high-grade furniture, serving as a substitute for black
walnut.

Albizia chinensis

A moderately fast-growing species of Southeast Asia, . A/lbizia chinensist is
similar in appearance and properties to Albizia falcataria. It does not grow as
tall or as fast but better resists wind damage and boring insects, is better
suited to poorer sites, and provides higher-quality wood. It deserves testing in
locations where A [bizia falcararia proves unsatisfactory. '

Native to mixed deciduous forests up to 1,300 m elevation as well as
tropical rainforests (1,000-5,000 mm annual rainfall), Albizia chinensis has
been recommended in Java for the reforestation of wastelands at mediurh
altitudes. On good sites yields of 10-12 m® per ha per year have been mea-
sured. The species is easily propagated using seedlings or stumps. 2

The wood is soft (specific gravity 0.30-0.45), and is light in color and
weight. A little better than Albizia falcataria wood, it is useful for such
general purposes as light furniture and planking and may be suitable for pulp
and paper.

Albizia minahassae

A native of gastern Indonesia, Papua New Gumea and Melanesia (from’
the Celebes (o the Solomon Islands) this tree.I now almost unknown to
foresters, is/ very similar in appearance to Albizia falcataria. ‘Albizia mina-
hassae also warrants exploratory silvicultural investigations.

*Albizia acle (Blanco) Merr.Known as akle. )

tAlbizia chinensis (Qsb.) Merr. (synonymous with 4. marginata and 4. stipulata).

tAlbizia minahassae Korrd., Formerly known as Serianthes minahassae (Koord.) Merr.
et Perry.
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Albizia pedicellata - ‘

Considered by some authors to be the most promising timber tre“é. in the
genus, Albizia pedicellata® is native to small areas in western M'alayﬁa and
northern Borneo. Unlike other A/bizia species, it grows tall and straight. with
a monopodial crown. It can reach a diameter of about 2.5 m. The heartwood

I

" is hard and dark colored.

Despite its promise, this spcues is untried In LUllllel()n and almost noth-
ing is known of its. snlvmultural qualmcs It deserves much greater attention.
Research to dellbcmtely crosshreed this species with other species of Albizia
may produce monopodial hybrids with monopodial growth and C.\Leptlonal
properties. ' "

Albizia procera

A maderately fast-growing tree widely distributed in South and Southeast

Asia as well as New Guinea, Albizia procerat is a medium-size tree reaching

an average height of about 25 m and an average diameter of 35 cm. Common-
ly found in low-elevation, open seccondary forest up to 1,200 m in regions
with a pronounced dry season, it is able to grow on stony. dry, and shallow
soils and appears a useful species for testing on difficult sites. " -

On good sites it produces a clear but often curved bole 10-15 m long.
Vigorous trees have reached 0.9-1.2 m in diameter in 12 years and up to 2 m
in diameter in 30 years. On Java, annual wood production of about 10 m?
per ha has been recorded. Growth rings of 1.3 cm have been measured,

Brown with light and dark bands, Albizia procera wood (specific gravity
0.6-0.9) is durable and strong. I{ is a good cabinet and furniture wood and is
often used as a-substitude for walnut.

The trees are easily propagated using seedlings or stumps.

AFRICAN SPECIES

Many species of Albizia are native to Africa. Wood from several of them
is marketed together in the - timber trade under the names albizia,4okuro
(Ghana), ayinre, or uwowe (Nigeria), and nongo (Uganda). The species pro-
ducing this timber occur in ‘mixed stands and are dlfﬁcult to tell apart. Four
of them are'mentioned below. /

*Albizia-pedicellata Baker ex Benth. ;j

tAlbizia procera (Roxb.) Benth. White siris tree, sdt(,d sms

&
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Albizia adianthifolia

A tree of the coastal, lowland, and savanna forests of West Africa, Albizia
adianthifolia® is fast to colonize any clearing and grows rapidly in its early
years. Growth of 1-1.5 m annually is usual in Ghana.t The tree‘can reach
36 m tall with a bole 9-18 m long. Its heartwood is golden-vellow or light
brown. In Nigeria the root, bark, and young shoots are widely used in tra-
ditional medicines. When damaged, the bark exudes a clear, insoluble gum.

Albizia adignthifolia, Kruger National Park, South Africa. (P. van Wyk)

@

Albizia ferruginea

Perhaps the largest tree in the genus, A/bizia Jerrugineayi is a forest giant
growing to 46 m in height. It is found in West Africa from Senegal to the
Cameroons and in Central Africa from Uganda to Angola. It, too, is a promis-
ing afforestation species. Like most A/bizia species the tree coppices freely.
fts timber is hard, heavy, and decay-resistant, with a deep, warm, reddish-
brown color. It is a general purpose hardwood. ‘

*Albizia adianthifolie (Schum.) W. I'. Wight. Known as West African albizia.
tTaylor. 1960. '
TAlbizia ferruginea (Guill. & Perr.) Benth.
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Albizia gummifera

‘Widespread in East and Central Africa as well as in Madagascar, A/bizia
gummifera*® is found from lowland rainforests up to altitudes of 2,500 m. It
seems a suitable species for afforestation projects. Its straight bole yields a
“golden-yellow to chocolate-brown timber that is used in Europe as a substi-
tute for oak. It has good elastic and tensile properties and glues and lacquers
well.

"~ This spemes closely resembles A/bizia adzam/zz]()lza but has small differ
ences in the leaflets and grows at higher elevations.

Albizia zygia

A medium-size tree (not often larger than 30 m tall and 2.4 m in diam-
eter), Albizia zygiat is found scattered in secondary and high forests through-
out much of tropical Africa. It is found growing from equable coastal regions
to savanna woodlands with considerable dry seasons. The tree germinates and
grows rapidly: 2-year-old plants can be 3 m tall.

The heartwood is pale brown and hard and makes a general-purpose tim-
ber, with uses ranging from interior joinery to structural work. Moderately
fine-grained, it polishes well and has good natural durability and strength. It is
a popular wood for charcoal, used extensively, for example, in Ghana, nota-
bly about Kumasi, afid in Tanzania. In southern Nigeria young A/lbizia zygia
leaves are eaten as cooked vegetableﬁ; especially in soups.

Selected Readings

Albizia falcataria

Anonymous. 1971. How to Raise Albizia falcataria. IForestry Popular Bulletin No. 7.
College of Forestry, University of the Philippines, College, Laguna, Philippines. 12
PP-

Burgess, P. F. 1966. Timbers of Sabah. Forest Department, Sabah, Malaysia. pp.
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IFood and Agriculture Organization of the United Nations. 1975. Pulpmg? and Paper-Mak-
ing Properties of Fast-Growing Plantation Wood Species. Food and Agriculture
Organization of the Umted Nations, Rome. pp. 33- 37. (Order No FO:MI1SC/75/31)

*41buta gummifera (J. F'. Gmel) C. A, Sm.
TAlbma zygia (DC.) Maubrlde

¢

{
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Cqnsidering its many uses, it is surprising that Sesbania grandiflora™ has
not ,b en more widely exploited and researched. This small tree grows amaz-
mgly fast and provides forage, firewood, pulp and paper, food, green manure,
; and landscape decoration; also it appears to have much potentlal for reforest-

*ing eraded and grassy wastelands throughout the tropics. Although some
“specimens th now growing in most tropical countries, the plant’s many
values remain largely unrecognized. .
Native -to Asian countries such as India, Malaysxa Indonesia, and ' the
Philippines, Sesbcmzp7 grandiflora is commonly seen growing on the dikes: be-
“tween I;ice paddies, ﬁlgng the roadsides, and in backyard vegetable gardens.
The plant’s outstandmgg feature is its extremely fast growth rate, especially
during the first 3 or 4 yeans%after planting. At the Ord Rivér Irrigation Area in
northern Australia, speciméns of Sesbania grandiflorat have outgrown. all
other species tested, averagingg"'hgights of 4.3-5.5 m in only 1 year (some-ex-
ceptional trees reached 8.3 m). Both there and in India, plantations have at-
tained heights of about 8 m (with average diameter 10 cm and more) in as
short a time as 3 years.t Wood yields of 20-25 m® per ha are’ commonly
achieved in Indonesia.§ Sesbania grandiflora thus promises, among other
thmgs to be a species for short-rotation forestry in the tropics.

The species is very easy to propagate by cuttings or seedlings. It establishes

readily, requires little maintenance, grows fast, and can easily be planted on a
large scale by direct seeding even from the air. |

*Sesbania grandiflora (Linn.) Poir., also Sesbania formosa (F. Mueller) Commonly called
agati, bacule, katurai (Philippines), August flower (Guyana), West Indian pea tree, turi
(Malaysia, Java), gallito. Subfamily: Papilionoideae.

+The species native to northern Australia has long been designated as Sesbania grandi-
flora, but on the basis of a small difference in flower structure it is classified by some
botanists as Sesbania formosa. See Burbridge, N. T. 1965. The Australian species of Ses-
~bania Scopoli (Leguminosae). Australian Journal of Botany 13:103-141.

tInformation from Division of Forest Research, Winnellie, Australia (see Research Con-
tacts), and Bhat er al. 1971 (see Selected Readings). The Australian specimens were
grown on black, poorly structured clay, pH 8.5.

§ Information supplied by K. F. Wiersum. See Research-Contacts.

ISumarna, K., and Y. Sudiono. 1974. Regeneration sampling after aerial sowmg in
Balapulang forest dlstnct Central Java. Laporan, Lembaga Penelitian Hutan No. 188.
21 pp.
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Sesbania grandiflora. Indonesian foresters enu‘)}uruge the reforestation of bare land out-
side forest areas using Sesbania grandiflora. The tree can now be found along roadsides,
on dikes between rice fields, and around villages and houses. This quick-growing pioneer
species is harvested in S-year rotations, particularly for firewood. (Perum Perhutani,
Indonesia) B

Not only can Sesbania grandifiora be grown under very short rotation, but
it can be planted very densely. Over 3 OOO stems per ha have been used both
in Australia and in India. :

Prolific nodulation and extremely large nodules are a dramatic feature of
Sesbania grandiflora. Furthermore, when the plant was grown for the first
time in Townsville, Australia, it nodulated readily, so that suitable strains of
Rhizobium appear to be already widespread in tropical soils.

The wealth of uses to which thls plant can be put is illustrated by the
following examples.

Forage

Cattle relish the feathery leaves and the long (up to 60 cm) pods of
Sesbania grandiflora. In parts of Java where cattle breeding is important, the
tree is much planted for forage and is continually topped to keep it within
the animals’ reach. After cuttmg, shoots resprout with vigor; the plant seems
irrepressible.

It has no known toxicity to cattle, and in experiments in Java 1.8 kg of
fresh Sesbania grandiflora herbage fed daily to animals on a rice-straw diet



Seshania grandiflora, 7 m. tall after only 1 yecar of growth. The seed was direct-sown in
deep sandy loam. Eagt Godavari District, Andhra Pradesh, India. (A.S. Bhat)

©

showed growth increases comparable with those obtained by feeding formu-
lated diets.*

" Green Manure

Foliage of Sesbania grandiflora makes excellent green manure. The.tree is
planted for this purpose along rice paddies in Southeast Asia. In Java yields of
55 t green material per ha have been obtained in only 6 or 7 months. (In the
same experiment, species of Croralaria and Tephrosia, both well-known green
manures, yielded only 40 and 52 t per ha, respectively.)t On Timor, Sesbania
grandiflora grows abUndaﬂntly on worn-out land left after slash-and-burn agri-
culture. Its extraordinary nodulation, coupled with its rapid growth, suggests’
that its soil-improvement qualities—though unmeasured—are exceptional.

Wood, Pulp, and Paper

" "Seshania grandiflora grows to a height of 10 m with a diameter of about
30 e¢m. The bole is straight and cylindrical; the wood is white and soft

*Information supplicd by W. J. A. Payne. Sec Research Contacts.
tInformation supplied by K. I'. Wiersum. See Rescarch Contacts.
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‘ (deﬂSity 0.42) for a heartwood, and though used for timber, it is not durable
~and is of little value. It has long been used as firewood in Southeast Asia and
‘is deliberately planted in several areas-in Indonesia to provide fuel. One
hectare of plantation can yield 3 m? of stacked fuelwood in a 2-year rotation.

Recently, it has been viewed=as a paper-pulp source for tropical regions.

Indeed, in East Java the tree is already extensively used as a pulp source. The

fiber length (1.1 mm, or about average for hardwoods used for paper) and

o chemlcal ‘composition both appear suited to pulping. Austrahan researchers

have suggested that Sesbania grandiflora logs. appear to ‘be unsuitable for

pulpmg if the bark is left on because of gum and resin that pervade it and
because of the nature and quantity of the bark. However, they conclude"

“that it should be possible toutilize Sesbania grandiflora (without bark) pulps

in the production of printing papers.”* |

- The wood is, satisfactorily pulped by the sulfate process and the paper-

makmg propertles of the pulp seem:adequate for a limited range of paper

products It bleaches. readlly to high brightness with a standard bleach se-

, quence and should be acceptable for offset printing papers. The neutral sul-

. fite semi-chemical (NSSC) process gives a pulp that should be suitable for the

productlon of corrugating medium, but the pulp yield is low and severe cook-

ing conditions are required to obtain adequate delignification.

The Australian workers have discovered that debarked Sesbania grandzﬂora
and kenaf can be pulped together satisfactorily. The Sesbania grandiflora im-
proved the drainage rates 'of the kenaf pulp without adversely affecting its
strength. R T

‘The ' tree seems czrpable of producmg yields at least as high as other trees
now extensively grown for pulpwood.

‘Reforestation - ) R
In Taiwan and Indonesia, Sesbania grandiflora has proven useful for re-
foresting eroded hill -regions. In East Java, where-the tree is known as turi,
plantations of the species have been so widely established that “turinization”
projects are mounted specifically to plant it. The seeds germmate well and the
seedlings grow vigorously and don’t become smothered by weeds. The roots
penetrate most soils. Thus it appears "that the species could become valuable
: for reforestation throughout much of the troplcs o

,a :‘
s 5% e~
-

Food -

N

The young leaves, tender pods, and giant flowers of Sesbania grandiflora
are favorite Asian vegetables, used in curries and soups or fried, lightly

2 o *Logan et al. 1977.
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steamed, or boiled. The leaves contain over 36 percent crude protein and with
their high mineral and vitamin content make a remarkably nutritious, spinach-
like vetetable.

The butterfly-like flowers are perhaps the largest of any legummous
plant—up to 10 cm long. (In Martinique, they are called vegetable humming
birds.) Produced year-round, the white or wine-red blooms contain a con-
siderable amount of sugar and are used for food. A favorite throughout much
of Asia (and also sold in Filipino markets in Honolulu), they are reportedly
crisp and, if boiled for 1 minute, taste like mushrooms.* (Before cooking, the
center part of the flower is removed to reduce bitterness.)

In some parts of Asia, the long (30 cm) narrow pods are eaten as a vegéta-
ble dish, much like string beans. They contain about 50 small seeds, which
are processed and eaten like soybeans. The seeds are among the richest in
protein—more than 40 percent by weight—of all legume seeds.

In Southeast Asia the.tree is commonly planted aleng roadsmes fence
lines, and other boundariesfor beautification. With its open, spreading crown
of feathery leaves, Sesbania grandiflora gives light shade; it also makes useful
shelterbelts and is often grown as a living fence. The large, handsome flowers
and long pods make it a striking ornamental.

The plant has traditionally been used as a support for pepper and bete]
(Pzper betle) and sometimes for vanilla vines. The leaves drop continuously,
making a thick mulch that adds nutrients to the soils and fertilizes the other
crops. On the Indonesian island of Timor, the species is planted as a sacrificial
“host” for the sandalwood tree, whose parasitic roots sap nourishment from
the roots of any neighboring plant.

Agricultural crops continue to grow well when interplanted with Sesbania
grandiflora, whose open crown allows sunlight to pass. This agroforestry
combination is very promising, especially in areas where space is limited, for
Sesbania grandiflora can be fitted in along fence lines or field borders where it
doesn’t occupy the cropland. -

When cut, the bark of the tree exudes a clear gum that has been used as a
substitute for gum arabic (see page 271) in foods and adhesives.

*In the 1920s, David Fairchild, a famous U.S. plant explorer, wrote: ‘“As we rode
through the town of Peradeniya [Sri Lanka] one day, my eye caught a large mass of
white flowers hanging in a little shopkeeper’s door and, as I realized the shopkeeper was
not a florist, I stopped to inquire and found that thesqgfeat ivory blossoms were to eat.
. The shopkeeper took me into his small plantation, overlooking the river, where 1 found
“two small daughters picking -the blossoms for market. The flowers seemed too pretty for
use as a vegetable, yet here was a plantation.”




e
FAST-GROWING TREES

\ Limi,tat'i(')ns'

There is. fmation avaﬂable on the general sﬂwculture of tth plant
s who wish to grow it face considerable uncertainty.

\All edible parts of the ;hnt must be cooked before eating (see Research
' “’Needs) Some flowers are bitte "and unappetizing to many people; enjoyment
of them is an acquired taste. Co pared with common vegetable legumes the

yleld\of pods is low.

The_tree is.frost gensitive, and at least in northern Australia, plantations

have be\:en damaged by birds (cockatoos) and grasshoppers. It is also a short-

lived tree with a life span of only 20 years or so. I; is not wind resistant; its
" brittle branches break and it is unsuitable for exposed windy sites. It is also
very suscz&lble to nematodes.
. Although Sesbania grandiflora grows abundantly on the arid island of
) T1mor it see\ms best - adapted to the moist tropics with annual rainfall in
?Aexcess of 1 OOO mm and no more than a fewxrhonths of dry season.
As a forage, Sesbama grandiflora foliage, though more digestible than trop-
ical grasses, seen’\s less digestiblé than that of Leucaena leucocephala®foliage
(see page 131). The plants are alsé slower to regenerate after being browsed.

. 7
’:J(.

{

‘Research Needs ’

‘Sesbania grandiflora has long been considered a poor man’s plant, but it
appears to have characteristics. that can make it a profitable tree crop with
general appeal. To assess fts future role, trial plantings are ngeded to test the
‘production and economics bf its many products in different environments. In |

= ,partlcular, timber companies, forestry researchers, government departments,

~and rural development groups sheuld”8stablish trial plantations to produce
- wood products It seems likely that in many cases the results will lead to large
permanent plantations and to 1mproved well -being for people in rural areas of
the tropics and subtropics. : N .
Basic research on-the tree is also needed Seed collections should be made
throughout Southeast Asia. Samples should be maintained in safe storage at a’
suitably equipped facﬂlty, but field trials to compare the vanetles should also
be undertaken. Features to test for include rate of growth content of cana-
vanine (an antinutrition factor, see below), wood quality, and nutntlonal
value. Lk "
In some ways, Sesbama grandiflora is a counterpart to Leucaena leuco-
cephala, and much of the research recommended for leucaena in a recent.
NAS report* should also bé applied to Sesbania grandifiora. The two plants

!
*National Academy of Scxences 1977 Leucaena Promtsmg Forage and Tree Crop for
the Tropzcs To order see page 329. ® .
. V



SESBANIA GRANDIFLORA - . 191

that Anthocephalus chinensis (a nonlegumey has comparable growth rates to
Sesbania grandiﬂora and produces mare ‘satiéfactory sulfate and NSSC pulps.*

I T T A AL A Aniearthan feinlas

~This bpcbic:s -100, shiould be uluu»ucu in any yulyv‘v’uuu COmparison Lllcub"

Gum arabic is now so valuable and in such short supplythat tests of Ses-

bania’s gum seem warranted. : \
Although the plant is a traditional food in Southeast Aala recent research

| should be compared side-by-side in some locations. Furthermore, it seems

tant arm\no acid.t It is not known if the-leaves; young pods or flowers also

€0 : ine; and this should be determined. Traditional cooking

methods may. Jetoxify any of the substance that may be present, but this,

too,:should be checked. : _
Ammal sc1enltk\ts need to evaluate Sesbania grandifiora in cattle pig, and

poultry dle’cs Research should be done on makmg -leafmeal. ~

. Studies of the hotticulture and general agi*onomy of the tree (e g., planting,

4,,soili',»;;andt. moisture réquirements, etc.) are also needed Studies of existing

plantings should include pathology, for the tree is extremely sensitive to.

; ‘nematodes
- Since it hasibeen found that the pulping and’ papermaking properties of

some véry young plantatign species impfove .with age, specimens about 10

. years old should be tested and compared thh the pulpmg trials of the 3-yéar-

.\ old samples reported in the literature. { | )

\
\

\

N
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Selected Read\mgs | \f\ | e

| ~amino acid that acts as an antlrﬁE:tabohte to argmme a nutntlonally impor- L

\

. -VA S

y Ther is not a smgle comprehenSwe account of this plant and its uses.- Many books on
- - tropical agnculture Qr tropical trees refer to it, but. .only ‘sketchlly
Bhat, A. 8., M. M. ‘Merion, T. N, Sounda,rarajan and~Bs- L. Bhargava. 1971 Sesbania
grandlﬂora (a potential pulpwoad), Indian. Forester 9”}(3) 128-144. .
L , Burkill, I. H. 1935, A-Dictionary of the Economic Products of the Malay Peninsula.
Lo Crown’ Agents for the Colonies, London. ph. 1997-1998.
Food and Agriculture Organizatlon of the United Nations. 1975. Pulping and Paper-
" making Properties for Fast-Growmg Plantation Wood Species. Food and Agriculture
‘Organization of the United Nations, Romg. pp. 445-447. (Order No. FO MISC/75/31)
-~ This gives the pulpmg characteristics of the wood.
Heyne K. 1950. DeNuttige Planten von Indonesie, Vol. I. N.V. Ultgevery W. Van
Hoeve—S. Gravenhage Bandung. 780 pp.
Holm 1. 1972. The yields of some tropical fodder plants from northern 'I’haﬂand Thai
Journal of Agricultural Science 5:227-236. '
Holm J. 1973.. Preliminary data concerning the amount of nutriepts produced by for-
ages étown in Chiang Mai under a cut and carry system. Thaz Journal o; Agrzcultuml L.
\ Sc:ence 6:211-222, . . R

~ \‘\ PR
"‘fogan etal 1977
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Holm, J. 1973. The nutritive value of 12 tropical forage plants from the Chamg Mar
region of Thailand. Landwzrtschaftlrche Forschung 26(4):313-325.

Logan, A. F,, P. 1. Murphy, F. H. Phillips, and H. G. Higgins. 1977. Possible pulpwood
res’ources' for Northern Australia: Pulping characteristics of young Anthocephalus .
chinensis and Sesbania grandiflora. Appita 31(2):121-127.

Muthukrishnan, C. R., and §. Ramadas. 1974. Perennial vegetables for your krtche‘r
gardens. Indian Hortzculture 19(2):11-12. "

Ochse 1. J. 1931. Vegetables of the Dutch East Indies. Department of Agriculture, In-

dustry and Commerce, Netherlands East Indies, Buitenzorg, Java. pp. 429-430.

Readers can probably get seed from their own local botanic gardens or from commercial
seed suppliers in the Philippines, Indonesia, Sri Lanka, and India

% D. B. Amatya, Forest Research Qfficer, Forest Survey and Research Office, Department

AN

-\ Delhi 110001 India e
" 'A:.S. Bhat, Bhadrachalam Paper and Board Ltd., 31 Sar011m Devi Road /Secunderabad

. of Forestry, Babar Mahal, Kathmandu, Nepal o

»‘.Bhargava Consultants Pvt. Ltd.,, 210 Ansal Bhawan, 16 Kasturba Gandhll Marg, New

(AP), India ;
A. L. Chapman, Officer in Charge, Kimberley Research Station, CSIRO D‘}vrsron of Trop—
ical'Crops and Pastures, Kununurra, Western Australia, Australia
Department of Botany, Kasetsart University, Bangkok, Thailand .
Division of Chemical Technology, CSIRO, P.O. Box 310, South Melbourne, Victoria
3205, Australia (H. G. Higgins, F. H. Phillips, and A. F. Logan) '

Division of Forest Research Northern Territory Research Statjon, éS-IRO P.O. Box
39899, Winnellie, Northern Territory 5789, Australia (G. Cracium’ and D. Cameron)
C.'R. Dunlop, Department of the Northern Territory, P.0. Bo¥ X150, Darwm Northern

‘Territory, 5794, Australia E3

/

S. R. D. Guha, -Cellulose and. Paper Branch Forest Research Instltute Dehra Dun P.O.

New Forest, India

Herbarium Bogorlense National Blologlcal Institute, Bogor, Indonesra g,Endang Anggar-
wulan) .,

Chia Huang, Animal Industr‘y D1v1sron Joint Commission on Rural Reconstructr\on 37
Nan Hai Road, Taipei 107, Taiwan

R. 1. Jones, Davies ‘Laboratory, CSIRO; Private Mail Bag, P.O. Townsvrlle Queensland
4810 “Australia -

N. S. Kalkml IFS (Retd) Forest Advisor, West Coast Paper Mills, Ltd Dandeh (NK)
Karnataka, India ,

" J. Leon, Head, Plant Genetics Resources Center CATIE Turrialba, Costa Rica

Livestock Breedmg Station, Huai Kaeo, Chiang Mai, Thailand "x
G. C Lugod Department of Botany, College of Sciences and Humamtles Umver31ty of
the Philippines at Los Bafios, College,. Laguna, Philippines 1

* Andree Millar, Director, National Capital Botanic Gardens, 4677 Umversrty PO Port

Moresby, Papua New Guinea

Ministry of Agriculture and Forestry, Forest Department\P 0. Box 31 Entebbe Uganda
(P. K. Karani, Deputy Chief Forest Officer) L

W. J. A. Payne, 63 Half Moon Lane, London SE24 93X, England

- H. Suijdendorp, Department of Agrlculture Dlstrlct Ofﬁce Carnarvon 6701, Western

Australia, Australia ]

‘Umvers/ity of Florida Agriculture Research and Educatron Center 18905 S.W. 280th St.,

Homestead, Florida 33031, USA -}

£
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K. Vivekanandan, Research Officer (Silvicuiture), Forest Department, P.O. Box 509,
Colombo 2, Sri Lanka ' ,

K. E Wlersum Department of Troplcal Sylviculture, Agneultural University, Wagen-
ingen, The Netherlands

I. M. Wood, CSIRO, Division of Tropical Crops and Pastures, St. Lucia, Queensland,
Australia .

&

Previous chapters on Acacida auriculiformis, Abizia falcataria, and Sesbania
species and a book on Leucaena leucoceplggla* have detailed some legu-
minous trees that grow extremely fast. Some other dbscure species that have
been observed to grow exceptionatly fast and that deserve further testing in
plantation cultivation are discusged in this chapter.

Legummous trees are often’among the first to colonize newly cleared land.
Like other pioneer species, their advantages include:

e Rapid growth that enables them to overtop potential competitors and
*preempt their space; :
e Adaptability to a wide range of sites and soils, particularly nutrient-
deficient soils and marginal sites unsuited to food crops;
. @ Copious seeding at an early age, often without regard to season;
e Ability to coppice,
» Light-colored wood; and

e A robust, irrepressible character. g

. &

In addition, these small-tree pioneers often occur naturally in pure stands,
indicating that they probably can be grown in monoculture without decima-
tion by fungi or insects. When the advantage of nitrogen fixation is added, it

can be seen that leguminous trees offer a promlsmg field for exploratory
1nvest1gatrons

*National ‘Academy of Sciences. 1977. Leucaena: Promzszng f'orage and Tree Crop for
the Tropics. To order see page 329.




One-ycar-old leucaena trees in a demon- Acacta mangion, Gum Gum Forest Re-
stration plot near Batangas City, Philip- serve. Sabah. These 9-vear-old trees uare
pines. (N.D. Victmeyer) 23 tall (23 em diameter). representing

a : ' an annual production ot 46 m?® per ha).

i It seems likely that this first-and only-
expericnce  with  this stratght-stemmed
species s ushering inoa new tropical re-

source. (Tham C.K.)

ke

Some of these produce lu\:-dcnsily wood that is of little value for con-
struction timbér or fine wood uses. In general, they are utility trees, candi-
dates worth testing for f{irewood, erosion control, beautification, shade.
shelter belts, utility lumber, and perhaps for pulp and paper.

The species discussed below are offered as promising candidates; research-
ers should look widely for other potentially useful woody legumes, too.

Acacia mangium’*

Trees often perform in unexpected ways when introduced to new loca-
tions; their growth rates, health, and utility in the natural environment are
poor guides for predicting their performance when grown as exotics.

*Acacia mangium Willd., Sublamily: Mimosoideac.
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Acacia mangium exemplifies this. A decade ago, foresters in Sabah, Malay-
sia, introduced this tree that is native to Queensland, Australia. Despite the
fact that it had never before been considered as a plantation species,-they
incorporated it into trials.- In these tests, Acacia mangium has grown at aTate
comparable to both Gmelina arborea and Albizia falcataria (see page 173),
which are considered among the fastest-growing useful trees on earth. For ex-
ample, on good sites Acacia mangium specimens reached 23 m tall (23cm in
diameter) in only 9 years. Untended stands of such 9-year-old trees have
yielded 415 m? of timber per ha, representing an annual production ol 46 m?
per ha.* ’

But on poor Sites Acacia mangium has outperformed Gmelina arborea,
Albizia falcataria, Pinus caribaca. and other species tested. On disturbed or
burned sites, on degraded lateritic clay underlain with volcanic rock. on soils
so worn out that®ven shifting cultivation has been abandoned. and on hill-
slopes infested with weeds such as /mperata and Fupatorium species, Acacia
mangium has grown vigorously, often achieving annual production in excess
of 20 m* per ha. Sabah foresters have now converted over 1,200 ha of

«degraded /mperata grassland into productive forest lands.

In plantations, Acacta mangiunt grows with clean, nearly straight stems up
to. 10 m long and with little taper. This goodglorm is an advantage over its
close relative Acacia auriculiformis (see page 165). During their first 2 years
of growth in Sabah, the trees required song weeding and in some cases treat-
ment with insecticide, but then needed little further tending. Flowering and
fruiting is profuse and continuous. The trees coppice readily.

Large-diameter logs can be sawn or peeled. The hard, light-brown wood is

dense, with narrow sapwood and a straight, close grain. It makes excellent

particle board and could possibly be useful for furniture, cabinetmaking, and
perhaps even pulp and paper.

Acacia mangium hybridizes naturally with Acacia auriculiformis, produc-
ing hybrids that scem to grow even faster than either parent. So far, however,
the observed hybrids retain’the poor form of Acacia auriculiformis. .

The tree can be direct-sown and appears most promising for crosion con-

~

trol in appropriate climatic zones.

Acrocarpus fraxinifolius

"This lofty tree,t both a spectacular ornamental and a promising source of
timber, is native to South India. Assam, the ecastern Himalayas, Burma, and

*Keong, Tham C. 1977, ‘

tAcrocarpus fraxinifolius Wight & Arn. Also known as sjum.lu tree, Kenya Lo‘HLc shade
trec, pink cedar, and red cedar. Subtamily: C Ju:ﬁplmmdum v

kX
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Aerocarpus fravinifolins, Doty Thib Iorest Reserve, Zambig, (RO Povnton)

: \ \ :
Stumatra. T gan attain 60 m in l\\‘cw\ghl (sometimes as much as 45 m o the
lirst brancly), with a diameted of 3 m above its buttresses,

[n trials o Malawr, Nigeria, Rhodesia, and Zambia. Acrocarpus fraxini-
Jolius has proved to be the fastest-growing tree legume. Height mcreases of
1.3=3.0 m per vear have been achieved in Zambia and in Nigeria. In Zambia a
d-year-old stand has an average herght ot 10.7 m (average diameter 9.5 cm).
with exceptional trees reaching 152 m (14 ¢m diumeter). ™

The tree is remarkably free from pests and disease but a number of
savant plantations e Atrica have, tor unknown reasons, fatled following

several years of very vigorous growth. [t cannof withstand prolonged drought

*Lauric. 1974,

I S P
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and seems best 'adapted either to sites with deep soils in cool but frost-free
‘tropical uplands or to the humid troplcs with equable rainfall.

Acrocarpus fraxznzfolzus is easily raised from seed. Its timber is fairly hard
and strong, The fresh wood, dark brown with even black stripes, has been
sold as a sghbsmute for ash or walnut fn furniture making. It is also used for
planking, general construction, a d roofing shingles. L
It sheds its leaved in the dold season; then, with returning warmth, it

becomes covered with a profusion of small flowers in dense, bottlebrush

cluster -The-whole tree begomes a blaze of scarlet and, as one of the largest

s of South Asia, it is a/f unforgettable spectacle. At the peak of its flower-
mg the new leaves begm to appear. Initially the leaves are bright crimson and
for a few days anﬂv_sb,ade of red encompasses the whole tree '

= Call dra calloth yrsus

Small legummous trees have long been popular in the troplcs as orna-’

mentals shade trees,.green manures, nurse crops, and, in some cases, fruit
b trees Many have become so definitively classified for such purposes that the

p0581b111ty of growing them in plantations for wood products is overlooked..

Calliandra callothyrsus* exemphﬁes the potential value that omamental and
- utility species may -have whén converted to plantation crops.

Uspally grown as an ornamental, Calliandra callothyrsus is a small Central
American-trée with spreading branches and spectacular flowers that resemble
crimson powderpuffs. Against the handsome dark foliage these appear like
balls glowing in the sunlight.t In 1936, foresters carred seed from Guatemala

'to Indonesia and grew the plant in trial plots. Its performance ag a fuelwood

~ source has been’ so exceptional that over the last 25 years CaIIzandra calloth-
rysus plantatlons have -been steadily expanding and now cover more than
30,000 ha in Java. More of the treesl are being planted each year on state
forest and private lands. /

Plantations are easily established by dlrect seeding or by planting seedlings

“or large cuttings. The trees grow w‘lth almost mcrecL

heights- of 2.5-3.5 m'in 6 9 month{s The plants can be harvested after the
first year, y1eld1ﬁg 5-20 m? -of fuelwood per ha. The cut stumps coppice
readily, the sprouts often becoming 3 m tall within 6 months. The trees can
continue to be annuaIly harvested for lS ~20 years providing 35-65 m? fuel-
wood per ha per year.}

*Callzandra callothyrsus Meissn. Subfamily: Mlmosomeae
+Related and little-known species that also' make attractlve ornamentals are: Calliandra
guildingii Benth., the Trinidad flame bush; Callwndra ‘tweedii Benth,, a-low tree of
" Guyana with showy purple stamens; Calliandra surinamensis Benth., wh1ch bears masses
~of flower balls resembling pink-to-purple pamtbrpshes

* }Information supplied by Forest State Corporétlon (Perum Perhutam) and K. F. Wier-
sum. See Research Contacts. :

$ _,

ible speed, averaging.

g



Some Indonesian villagers now cultivate Calliandra callothyrus widely on their own Lind,
often intefcropping it with food crops. The plant’s value is-dramatically exemplified by
the village of Toyomarto in East Java, There, land that was once grossly denuded and
crosion- pocked is now covered with Calliandra forest and is fertile once more. Today the
villagers make a good living selling the firewoaod, actually carning more from it than from
lhur food Lrops (Perum Perhutani, lndonum)

~Bven at full nu‘ll/tfrit_y the ‘trees are only 10 m tall and 20 cm in diameter,
50 that the wood is too small for most purposes and is useful mainly as fuel.
[t is quite dense (qpuuﬁc gravity 0.5-0.8) and burns well, giving off about
4,600 cal of heat per g. In [ndonesia it IS mainly a source of inewood for-
ctomcsm use and iuclwood for brick, tile, \md llmc kilns, as WL“ as wpm
dxycrs and sugar- })lOLLSbIllb operations! oo :
~The living trees have additional utility, however. Thcn qmd\ dense gr owth
suppresses weeds, and Indonésian foresters use Calliandra callor/zwsus to de-
~stroy the pemluoué weed lmpemz‘a mlmdnca The trees’ abundant nodula-
tion appears. to. cmlf‘h the soil in which they grow, making them useful as
NUTSE Crops. or glc:(,n manures. Thcy are suitable for erosion control and will
~grow on eroding slopc:, qunckly [JIOV[(]II]“ cover and protection from. the

~ ,clunents. r”'le,\Ld}‘ 1 also be ‘used as fircbreaks to block passage of grass fires.
L S | 1 :

B “
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at altltucfes ;rom 150 t
" but can w1thstand sever

1 500 m. [t requues 1,000 mm of rainfall annually,
| months of drought. |
)

/

extenswe y to afforest barren lands; for example, coastal sand dunes and
wastela ds infested with the weed lantan& (Lantana aculeata). In the United

States (Arizona and Florida) Dalbergia sissoo is one of the most desirable

" shade fregs for streets and backyards. .
Thie tree reproduces vigorously by suckers (making it useful for stabilizing
eroding sites). It copPices readily and can be planted using large, stump-hke
cuttings. _
/In India it is cultivated more extensively than any species other than teak,
nd Pak1stan has over 100,000 ha of irrigated Dalbergia sissoo plantations. It
/has grown well igga sewage-irrigated greenbelt around Khartoum, Sudan, but
‘has been Iess successful in the Sahelian zone of Africa. -
" The wdod is excellent for many purposes: furniture, cabinets, sporting
’goods ﬂoonng, boats, wood carvings, and fuel. Although closely related to -

4 *Informatlon supphed by K. F Wiersum.

TDalbergta szss*oo Roxb. Commonly knOWn as 31ssoo or shisham. Subfa.rmly Papilio-
noideae.

-t Laurie, 1974, also Streets 1962, I

*



200 : FAST-GROWING TREFS
the rosewoods (see page 231), Dalbergia sissoo wood is light colored and lacks
the rosewoods’ striking grain. The trees also tend to have poor form.

Young branches and foliage are eaten by livestock. ¢

Enterolobium cyclocarpum grown as an ornamental, Hono-
lulu, Hawaii. (R.G. Skolmen)

Enterolobium cyclocarpum

Although little known elsewhere, this fast-growing species is widespread
and extensively used throughout Central America from southern Mexico to
northern South America, as well as in the Caribbean. Guanacaste Province in
Costa Rica is 'named after it. It is an important species that should be propa-
gated more intensively. ' . /

A large 'tree 20-30 m tall with a stout trunk sometimes over 2/m in
dlameter Enterolobiuni cyclocarpum™® grows exceptionally fast, the diameter

*hzterolobuun cvclocarpum (Jacq.) Griseb. One named variety is ruo“m/ed Liitero-
lobium cyclocarpum var: Perata schombrg. Enterolobium schomburgii Bentlt. is a closely
similar species that may be a vanuy*-ot L cyelocarpum. Commonly known as guana-
caste, earpod tree, jenizero, Jlel‘l.l u)sld lﬁdlmgdny caro. Subfamily: Mimosoideac.
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sometimes increasing at 10 cm annually. In the forest it grows tall and long-
boled, but in open sites it forms a handsome, wide-spréading crown and
makes a fine shade tree. This makes it ideal for use in parks, playgrounds, and
along roadsides. In pastureland it shades the livestock and sheds masses of
curved, ear-shaped pods that make good forage.
A native of savanina lands, the tree can survive on very dry sites.
Enterolobium cyclocarpum wood is a rich walnut brown with intense dark
stripes. In Hawaii it has been used as a substitute for monkeypod (see Samanea
saman, page 202) in bowls and other expensive turnery items. The fine-
looking lumber is useful for furniture, paneling, copstruction, veneer, and
boat building. It is easy to work (though the dust carn be ‘an irritant), finishes
to a smooth surface, and, takes a high polish. It has good dimensional sta-
"bility, dries without splitting or twisting, and holds its shape when manu-
factured despite changes in temperature and humidity. Notably ‘durable in
. water, the wood is good for boatbuilding, farm troughs, and similar uses.

) Aoowo

Mimosa scabrella, Curitibanos, Santa Catarina, Brazil. (L'*..,‘ .G. Barrichelo)

MimOsa scabrella /

One of the fastest growing trees Qf Braz_il,’Mimosa scabrella* is virtually
~.unknown elsewhere: Native to the cool, subtropical plains of southeastern
Brazil, the tree grows very rapidly, attaining an amazing height of 15 m in 3

*Mimosa scabrella Benth. (Also called Munosa bracatinga Hoehne.) Known as bracaatinga
or abaracaatmga Subfumlly, Mlmoqmdcae

il
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years. (Intermediate growth w
2 years.)¥* ~
The tree is hardy, fixes atmQspheric nitrogen, and grows in many types of
-_well-drained soil. It has no thorns, lS easily planted by seed, and is 2readlly
* cultivated in plantations, even at e'xceptlonally close spacings.
Mimosa scabre{la makes_a useful ornamental, avenue tree, or living fence.
It sheds large quantities of leaves that easily decompose, forming very good
humus, The wood makes excellent fuel and some plantations have been har-
s vested on rotations as short as 3 years. But the manufacture of paper pulp is
- perhaps the most promising use of the tree. Mimosa scabrella fibers average,
1.17 mm long, and though its pulp is mfenor to that of Eucalyptus salzgna
it is good enough to manufacture prmtmg and writing papers.t This, to-
vgether with the tree’s remarkable growth rate, makes it well worth testing
outside Brazﬂ o

fecorded as\§ m at_ 14 moriths and 8-9 m 'in

F— :
' B

1
¢

. Samanea saman, Raintree ,
Orlgmally from the ;wm/part of South America, primarily Venezuela,

‘the raintreef is now one~of the most w1dely cultivated trees. Its huge ums-
brella- shaped camfpy' of feathery leaves is,well known in many parts of the

A“ \tfbplcs }(ef the rafige of products the tree offers-is seldom appre iated.

. Therg in both the dry.and wet<tropics (usually where annpal rainfall is
betwe“h 600 and 2,500 mm), the tree grows rapidly. Carefully /tended speci-
‘mens often reach 18 cm in dlameter in S years in Hawaii.§ It can attain great

. size; a famous, centudy-old specimen in-Trinidad has a trunk 2,5 m in dlarne-

. ter and:.a canopy 45 m tall with a 55 m spread (see plcture next page).

\ ‘Like carob, tamarind, and some other legume trees, the raintree produces

.pods ‘with edlble pulp. When ripe, the pulp is sweet and sugaryl, with a flavor
\rather like llcorlce that is much relished by children. These pods can also be
dned and ground into a meal that makes excellent animal feed. A number of -
Soth' Ameru':an coudtnes have already gegun exporting it.

the- raintree 1$ best known as anfornamental shade tree. Its short main
stem ‘breaks up mto';masswe w1de-spread1ng branches that create an unsur-
passed canopy of shade, sometimes stretching right across wide roadways.

*Hoehne 19300 . - , i
TBarnchelo and Foelkel. 197s., ' : '

tSamanea saman’ (Jacq) Mernll Formerly known as Pithecellobium saman (Jacq)
Benth Also called saman, samaan, algarrobo ‘monkeypod (HaWau), and French tamarind.
Subfamﬂy Mimosoideae.

§I,nformat10n supphed by R. G. Skolmen See Research Contacts. -

y [
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A giant raintree dominates Queen’s Park Savanna in Port-ol-Spain, Trimdad. Grass grows

BATL S

right up to the trunk becduse this species’ leatlets told together at might and m wet
weather, allowing the rain to tall through. (L. and M. Milne)

&

Farmers value the tree m their pastures, where 1t shades the hivestock, shower-
ing down nutritious pods and fostering the grawth of nearby grass (the fush
green beneath the trees is one reason for the name raintrece).

Although not normally considered a species for use in reforestation proj-
ects, the raintree thrives on poor soils in dry regions. is easily germinated and
transplanted, and grows rapidly, suppressing grasses und weeds that compete
for nutrients and light. Sced is borne i abundance while the tree 1s very
young.

A few plantations have been established with this species. In cultivated

cstands at close spacings, it grows satisfactorily and branches much less than in
the open, providing longer, straightar trunks. ‘

The wood 1s in constant demand and always sells well. Tt 1s strong and hard
-and is a favorite fumniture wood in the tropics because of its rich, dark colors
and striking bands of cream-colored sapwood. In 1ts properties and appeat-
ance, the heartwood resembles that of black walnut (Juglans nigra). The
raintree has achieved its grealest récognition as a crattwood for carved bowls
and turnery. Hawaii is famous for its “monkeypod™ bowls. and so many local
raintrees have now been felled that the wood is imported in considerable
quantity frome<ndonesia and the Philippines. It shrninks so litile that products
shaped out of green wood dry without warping or splitting. Tt 1s also a
durable wood and is used in boat buillding in Hawan and elsewhere.

a
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Schizolobivm paraltvba. (1. Morton)

Schizolobium Species
The two irees of this genus discussed below are pioneer species in Central
™ ~and South America. Despite therr extremely swift growth. they have been
ovnrlool\cd by professional foresters in leu of Spules from other hemi-
SphCIOR Nonetheless, both these pldnls deserve greater rescarch attention;
they u)uld\buon‘m usefll sources of paper pulp produaced o very short
rotations, L N .
S('/u‘;"”(_’)’/()l‘)ium\‘\/')(z}'alz_\’b\(f"‘" 5 strange-looking tree with a4 1all, slender,
often-unbranched trurik topped by a huge cluster of long. fern-like leaves.
From a distance 1l Iookg\‘}{ke a tree fern, a giant one, for Schizolobium
[)aralzvba sometimes attans 30'm. The tree is common 1n the coastal sub-
troplcal environmen! of southeastern Brazil from Rio de Janeiro to Rio
Grande do Sul. It also oceurs widely in the tropics of Central America as far

*Schizolobium  parahvba ~Nell. Blake. Sometimes incorrectly spelled ST parahybum.
Also known as Schizolobiunm vxcelsum Vogel, Commonly called guapiruvu or Brazilian g
fire tree. Subfamily: Cacsalpinioideac.

“« R
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!
north as southern Mexico. Within this wide range of climates it is found in
environments from rainforest to dry savanna, from plains to hill slopes, and
from fértile to poor soils. It is obviously a very adaptable plant.

During its brief blooming season, Schizolobium parahyba becomes a huge
mass of color, visible from a great distance; the golden blossoms occur in
erect ctusters 30 cm tall and it is a prized omamental.

This tree deserves greater testing because of its exceptional ability to pro-
" ‘duce wood. In Florida, 3-year-old specimens are frequently 8 m tall. In
Brazil, 8-year-old trees are normally 12.5m tall and 21 cm in diameter, *
amounting to over 160 m* of wood per ha, equivalent to an average annual
growth of 20 m” per ha. Trees 20 years old can be 30 m tall and 80 cm in
diameter. Rotations as short as 5 or 6 years have been suggested.

Little is known about this plant’s silviculture, but it reproduces well and is -
easily cultivated. The base can be flanged but the bole is otherwise well -
formed, straight, and branchless. |

In young specimens the wood is s soft (specific gravity 0.32), almost white,
and probably suitable for paper pulp. Its fibers are 1.1-1.4 mm long and'
24-37 u in dlameler and have very thin walls. Although used for picture and
" door frames, as well as for packing cases, the wood is mechamcally weak and

is susceptible to decay unless treated.: ‘ .

A related species, Schizolobium amazonicumt is native to the hot, " humid
Amazon environment of the Brazilian states of Pard and Amazonas. Almost
nothing is known about this tree’s potential utility, but it grows with incredi-
ble rapidity. One specimen planted in Belém, Brazil, reached 4 m in height
and 10 cm in diameter in 18 months.1 Growth is so fast that it might p0331bly
be managed on rotations of 5. years or less. v

v

Tipuana tipu .

The tipa§ is a handsome spreading, fast-growing tree of southern Bolivia
and northern Argentina. A robust tree easily planted and cultivated, the tipa
seems well suited to warm-temperate and subtropical climates worldwide. It is
already grown for shade and ornament in parks and along streets in many
cities in southerh South America, southern France, Algeria, South- Africa, and
Southern California. Although not previously grown in plantations, it seems
appropriate for testing in reforestation programs. '

A medium-to- large thornless tree, the tipa can grow to be 40 m tall and
1.6 m in diameter. Its bole rises long and clear above the buttressed base. Its

" ¥*Anonymous.-1976.
. tSchizolobium amazonicum Ducke. Known as parica in Brazil.

f#Ledoux. 1976.

§ Tipuana tipu (Benth.) O. Kuntze Commonly known as tipa, tipa blanca, tipu, or
tipuana.
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showy, bnght-yellow flowers appear in sprays at the t1p of the branches and
unfold their color at leafing time.

At present, tipa is nowhere abundant, but in Argentina the lumber is
highly regarded for furniture and cabinetwork. It is finely striped, light col-
ored, and finishes with a high polish. It is not resistant to decay and insects,
but reportedly has potential for use in light boxing as well as 1n wall panehng,
door frames, fine furnjture, and other mtenor work. s

- .
ES gk
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Reséar.ch Contacts

-Acacm mangmm

General Manager, Sabah Forestry Development Authonty (SAFODA), Locked Bag 122

Kota Kinabalu, Sabah; Malaysia
. N. Johnson, Weyerhaeuser Far East Ltd. lPO Box 2682, Jakarta, Pusat Indonesia

Pusat Penyelidikan Hutan (Forest Research Centre), P.O. Box 1407, Sandakan Sabah,
..Malaysia (Liew T. Chim, Semor Research Officer and Tham C. Keong, Plantation
Ofncer) : :
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Research Director, Forestry Department, P.O. Box 269 Broadway, Brisbane 4000,
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Acrocarpus fraxmzfolms e T T T '“"‘:“"”—“-"*—’"”'“
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Hua Seng Lee Silviculturist, Forest Department Headquarters, Badruddin Road Kuching,
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3 Enterolobzum cyclocarpum
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Instituto de Pesquisas e Estudos Florestais (IPE¥), C.P. n° 9, ,\3.400-Piracicaba, Sdo
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Tierra, Puerto Rico 00906
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Franklin Martin, Mayaguez Institute of Tropical Agriculture, P.O. Box 70, Mayaguez,
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Herbariufh Bradeanum, Caixa Postal 15.005-ZC-06, 20.000 Rio de Janeiro, Rio de
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Schizolobium amazonicum

4

'PVD Ledoux, Departamento de Ciencias Bioldgicas, Universidade Federal do Para,
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Tipuana tipu

Banco Nacional de Semillas Forestales, Servicio Forestal y de Caza, Ministerio de Agri-
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Los Angeles State and County Arboretum, Arcadia, California 91006, USA
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Afrormosia

A West African tree hailed as the timber find of the century when it first
entered international trade 30 years ago, afrormosia* is still not well known,
but it is admired by all who are familiar with “it. Indeed, on world timber
markets afrormosia wood already brings some of the highest prices of any
tropical hardwood. Paund for pound it is now the most vaJuablc indigenous
wood of Ghana, more costly than the renownLd African mdhogany (Khava
species): . o .

As a result, the natura{( stands are being heavily cut, and because afror-
mosia’s natural regeneratlgn is neghglble and it is not beihg planted on a large
scale, the trne is facing economic and biological extinction. Already produc-
tion in Ghana is dechmng A concerted research effort on afrormosia silvi-
culture is ne\eded urgently.

: Atromm!;m wood has a texture, grain,"zi"ﬁfd appearance much like that of
teak. In addition, it is as durable and dimensionally stable. But afrormosia
wood has higher density and is harder, stronger, finer, and more uniformly
- textured zmd lacks the oily feel of teak. It is therefore being used increasihgly‘
not only as a teakwood substitute but for its'owr distinctive merits.

The brown, dark-streaked afrormosia wopd undoubtedly could be used in
a wide variety of products if it were more available. At present, it is princi-
pally used for shipbuilding (especially for rails and decks), furniture (some of
. the *““teak”™ furniture sold in the United States is actually afrormosia), decora-
tive venecr, high-quality joinery, decorative ﬂooringp;and shop fittings.
*Pericopsis elgta (Harms) van Meeuwen. Formerly known as Afrormosia elata Harms.

Also called kokrodua, golden afrormosia, Asamula African teak. Subtannly Papilio-
noideae. .

211 B
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Nine-year-old phintation ot cUfrormosia clare . Ghana, TK, Tutuor)

Afrormosta is native 1o countries along the west coast of

CAtncs and oceurs
principally m pockets of the Ivory Coast. Ghana

Gabon, and Zatre. In some

arcas 1t as common and s avalable i quantiy however, production today s

himited muainly 1o the border region between the Ivory Coast and»sGhana.
Nowhere s the tree's regrowth adequaie 1o sustmn continued commercial

production of timber. ‘
Loas o arge tree with a diameter of 1= 1.5 muand o herght us much as 45 m,

topped by o fan-shaped crown. The stem s usually straght and s often free

ol branches tor about 30 m of s height The trunk s normally anged with

small buttresses around the base: A gregarious plant, afrormosia s found

erowimg m almost-uniform stands i semi-deciduous forests.

<

Lictle 1s known of afrormosia’s genetic varnaton. but Ghanaian foresters

have begun selection breeding * High seed germination (87 percent) and the

nursery production of seedlings have been-achieved ¥ Afrormosia has also
been propagated without ditficulty using stem cuttings. The tree is known to

&

nodulate well

and 1rs ability to supply 1ts own nitrogen gives it a notable

advantage. ‘

*Jones. 1969,

tintormation supplicd by S.P.K. Britwum. Sce Research Contacts.
¥

EMaseticld, G.B. 1958, Some tactors aftecting nodulation in the tropies. In Nurrition of
the Legruomes, ed? I2.G Hallsworth. pp. 202215, Butterworth, London.
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Although afrormosia is generally considered to be slow-growing, vigorous
seedlings in Ghana have reached heights of 2.1-2.7.m in their first-year. (On
average, however, seedlings reached only about 0.85 m.) Moreover, trees 8
years old have shown mean annual diameter increases of 3 cm.

There is far more information available about afrormosia wood than about
- dhe plant itself. The sapwood is narrow (usually less than 2.5 cm wide) and
slightly lighter in color than the heartwood. When freshly cut, the heartwood

is yellowish brown (teak colored), but sunlight darkens it to a pale or medium -

brown. The grain is straight or slightly interlocked, which produces a mottled
pattern of dark, narrow stripes when the wood is quartersawn. (See color
plate.)

With a specific gravity averaging 0.65, the wood is heavier and stronget
than white oak. It seasons élowly but without difficulty and with little shrink-
ing or warping and is readily worked with both hand and machine tools.
Afrormosia resists wear well and is particularly noted for its resistance to
decay and insect attack. It stains, polishes, turns, and glues satisfactorily.
~In sum, afrormosia wood is outstanding for attractive appearance, superior

‘strength, easy seasopi erties, good workability, high natural durability,
and dimensional st a

Limitation_s

Whereas teak silviculture is well known and plantations have been estab-
lished in many parts of the tropics, knowledge of afrormosia silviculture is
slight. Afrormosia’s most serious silvicultural limitation is perhaps that—at
least in the few genotypes planted so far—the leading shoot is recumbent in
. the young plants. Because of this, afrormosia may prove unsuitable for pure
plantations‘ * Native trees are also commonly marred by bent and bumpy
stems, low crowns, and small flanges.

In its natural habitat, afrormosia regenerates poorly. The cause has recent-
ly been traced to the seedlings’ need for open sunlight. Shaded by the forest
canopy, they fail to grow and nodulate.t Nurseries and young plantations
therefore need open, unshaded sites.

The species seems to requ1re annual rainfall of 750-2, 000 mm and amean’

annual temperature of about 26°C.
Afrormosia seeds have no dormancy period and germinate well if sown

soon after collection. But they quickly lose viability and cannot be stored for,

more than 3 months (6 months if stratified).

. *Information supplied by S.P.K’. Britwu See Research Contacts. C
tAmpofo, 1972; also Ampofo and Lawgon, 1972.
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Research _Neeéls

The first commercial 1ot of afrormosia wood left West Africa in 1948, and
the qualities of the timber are just now beginning to be recognized. Ghana is
the major exporter. But many wood-using industries in Europe are finding
increasing difficulty in obtaining supplies. Other countries of West and Cen-
tral Africa should recognize that afrorm051a is becoming an increasingly valu-
able resource. :

It is particularly 1mportanl to begin the time-consuming process of de- a
veloping afrormosia plantation techniques, especially in line- or group- e\nncb
ment planting. This would make an excellent research prOJect for African
foresters and for researchers elsewhere in the humid tropics. Basic informa-
tion on afrormosia needs to be gathered to agjswer fundamental questions on
its flowering and seeding habits, including: pollination methods; fruit ripening -
and frequency of seed years; seed germination; ecological requirements of
young seedlings (especially to determine thg light intensities that stimulate
growth and reduce mortality); and its perfOrmance under plantation condi-
tions, including methods of raising plantmg stock (i.e., wildings, seedlmgs 0T,
vegetative prophgates). Research to overcome poor seed production and low
seed viability is particularly. needed.

Many of the best afrormosia specimens in West Africa’s native forests are
being felled and the plant is failing to regenerate in most logged-over areas;
immediate action must be taken to preserve afrormosia germ plasm. It is
recommended that. Ghana, Cameroon, Zaire, and other countries each set
aside 2-3 km? of afrarmosia forest as a conservation reserve, protected from

. - exploitation, but available to foresters for germ plasm collection. '

When consjdering afrormosia for culture, forest researchers should also

¢onsider test plantings of closely related spemes‘such as:

Pericopsis angolensis,* a large tree native to hot, humid areas of Malawi,
Zambia, and Rhodesia.

Ay

=

e ! Pericopsis laxifolia,t whose wood is reported to be almost identieal to
that of afrormosw This tree is adapted to a drier climate and is found in
savanna woodlands from Senegal to the Sudan and from Cameroons to north-
ern Zaire. )

Pericopsis mooniana,i a highly prized wood native to Asian rainforests
from Sri Lanka to New Guinea. It is fast disappearing due to lumbering and

*Pericopsis angolensis Harms. Formerly known as A frormosia angolensis.

tPericopsis laxifolia (Benth. ex Bak) van Meeuwen Formerly known as Afrormosia
laxifolia (Benth. ex. Bak.) Harms. ~

~ tPericopsis mooniana Thwaites. Known as kayu laut (Indonesia), nedun (Sri Lanka).
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land clearing for rubber and oil palm plantations. The warm bfown, deep"r:edxl

or orange wood has attractive dark streaking. Hard, he vy, and strong, this
durable fine wood is eagerly sought (notably in Indonesia) for furniture,
cabinetmaking, paneling, turnery, and sliced veneers.

&
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sur-Marne, France

-Commonwealth Forestry Institute, South Parks Road, Oxford OX1 3RB, England
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Throughout Southeast Asia and islands of the southwest Pacific, Intsia* i is
- one of the most valued timbers. It has a handsome warm, nut-broyn appear-
ance and is highly esteemed for use where beautiful woods are appreciated: in -
high- quahty paneling, furniture, decorative turnery, and high-grade joinery.
- Stronger than teak, it is a hard, stable timber that is also suitable for door
~and window frames, stairs, and floorings (strip or parquet; it is also used for
velodrome cycling tracks in Europe) Ti“addition, /ntsia wood is resistant to

the weather and to 1nsect attack, making it useful for house posts.,

. So intensively has it been explmted that in’ most countries few trees are
- left in natural stands. Alarmed by this turn of events, some countries (Malay-
‘sia, for example) have restncted the export of Intsia wood. Although the
wood is increasingly difficult to obtam and there is a market.for all that can
‘be harvested, there have been few systematic attempts to cultivate the species
in plantations. They do not appear to be ideal for plantations, but their com-
plete dlsappearance a§ ecofiomic plants is imminent and makes research on
their silviculture trgent. N "
" Intsia bijuga and Intsia palembanica differ mainly in the number of leaflets
that make up their compound leaves. They are large, broad-crowned trees,
sometimes exceedmg 40 m in height and 1.5 m in diameter. The bole, though
- often short, can be as much as 25 m long. It is, Also often fluted; slightly
crooked, and extensWely buttressed. Both specws are deeiduous in seasonal,ly

~ dry areas. T : / -
Both Intsia bt]uga and Intsm palembanica are native to tropical ramforests
from Southeast Asia (especially in the Philippines, Thailand, Malaysia, and
*Indonesm) toithe islands of the' southwest Pacific (including Papua New
: Y,‘the Solomons, F1]1 and Sarhoa). ‘They are essentially trees of the wet
lowlands. Therxtmq sPemes rarely grow together. Intsiz bjuga is found in
coastal areas bordermg ‘angrove swamps, rivers, or river ﬂoodplalns Intsza'

*Intsia bljuga (Colebr ) 0. KLmtze ‘and Intsia palembamca Mig. (Also called Intsuz bakerz
Prain). Known commonly as merbau (Malaysja), spﬂ (Philippines), Moluccan iranwood,
Borneo teak (U.K.); kwila (Papua New Guinea), lum-pho or lumpaw or maka-mong
‘(Thailand), ifil or ifit (Gu;tu), ifi-lele (Samoa), vesi (Fiji), v’ula (Solomon Islands), and .
g0 nuoc (Vietnam). Subfam y{ Caesalpmxoldeae
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Fifty-year-old Intsia bijuga. Los Baflos, Philippines. (N.D. Vict-
meyer) i

palembanica s usually found farther inland on low hillslopes or well-drained

[

river flats. Both species tolerate a wide array of soil textures that range from

sandy and gravelly soils to clay. ,

Both species have a pronounced taproot and this, together with their many

lateral roots, enables them to exploit the minerals in alarge, deep volume of
soil. This helps Intsia trees (o dominate and suppress other lowland-rainfoiest
spectes, most of which have only a lateral root system.
1 Inesiw dogs are usually sound to the heart and notably free of defects,
except that they may be short and somewhat out-of-round. The logs dry well
with little loss in quality and with little shrinkage for such a high-density
wood. They have sharply differentiated heartwood that is yellfow or orange-
Jbrown when freshly cut but that in time deepens to bronze or dark red. In
exposed situations, it weathers to a silvery-gray. The fresh wood is distinctive
for sulfur-yellow deposits that occur in the pores. The heartwood is dense and
heavy (average specific gravity 0.65). . ‘

A handsome timber, /ntsia produces the world-renowned “merbau floors.”
The grain is interlocked and sometimes wavy, which gives the surface patterns
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of ribbons, light zigzag tracery, or, sometimes, an attractive fiddleback figure.
Although of rather coarse grain and low luster, the wood takes a high polish.
It also glues, stains,’and turns well.  ~

Among the most decay-resistant timbers known, /nisia wood is accepted in
the Phﬂlppmes——where it is S known as ipil—as the standard against which the

. —durability of other timbers is assessed. It is highly resnstant to dry rot, to
subterranean termites and other insects, and to fungi. » :

Trials in the Solomon Islands have shown that Intsiaz bijuga is easily estab-
lished either from seed or as forest wildings potted in the nursery. In 1957,

: .,‘wﬂMgs were p]anted on Guadalcanal ina black allyvial valley soil, and had

aftained a mean height of 11 m (diameter 10 cm) by the age of 7 years, when
_the area was struck by cyclone. In subsequent trials planting knes were cut
~ tnrmJgn logged-over rainforest overlying voicanic red clays of only moderate

fertlhty Intsia bijuga attainéd a mean height of 8.8 m (diameter 7.4 cm) by 8

~years and’ sl'\?wed significantly better surv1va1 and height growth in its early
~years than five other indigenous species on trial. The potential of the species

3. was demonstrated by the quickest-growing trees, which added 2 m height per

n‘fjannum Form of the young trees often seemed poor with a characteristic

~ dropping leader and sinuous or forked stems,'but appeared to improve and

- straighten with age. No pest or disease problems have been encountered in the

-wild or in trial plotsin the Solomons.* |

/
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" Limitations

Little is known about the potentiel“o‘fklntsic'z bijuga and Intsia palembanica
as plantation crops. Information about their environmental tolerances, seed-
ing and flowering habits, and susceptibilities to diseases and pests is uncertain.
However, their growth rate appears to be slow. Further, they probably have
specific soil, moisture, and chmate requirements that make them potentially
useful only for the wet lowland tropics and not for the vast, denuded tropical
uplands where reforestation is most desperately needed. :

Although the wood is nonsiliceous, it does have a moderate bluntmg effect
on saw and plane blades. Tt will plane to a smooth surface, but is generally

hard to work with hand tools. It is particularly difficult to cut across the’ .

grain, The wood can_discolor under damp condmons especnally when it is m

 contact with iron.

The yellow deposits in the pores help confer insect and fungak resistarice o
i the wood, but they are water soluble and leach out in wet condmons

~ Research Needs

Although most natural Intsia stands are now almost worked out, large
stands still exist in Indonesia’s Kalimantan, Sumatra, and West Irian regions
and in Papua New Guinea. These areas, along with a few locations where
regeneration is occurring, provide-an-important source for information on
varietal differences, ‘climatic-tolerances, pests, diseases, soil preferences, and

. growth habits. It is particularly important to study the regenerating crop.

- This will give an indication of propagation-and site preparation requirements
and of the potentlal of _Intsia-species-as economic plantation crops. The
~ information will also lead to methods for improving-survival and regrowth of
' the natural stands.

"Intsia trees are probably easily established, for it-has been observed that in
areas where logging has opened, the natural forest canopy /ntsia seedlings pop
up in profusion. Howevet, research is needed .on seed germination, seedling

w5y

characteristics, nodulation, nursery requirements, transplantation, and basic -

silvicultural requirements such as shade tolerance, optimum thinning time,
* planting density, and the need for intermixing with dther species.

Plantation trials of both the two.commercially ‘valuable /ntsia species
should be made throughout Southeast Asia. Strains with desirable character-
istics should be selected and exchanged and small plantmgs made in different
soils and climates. o

Some species of the genus Afzelia (also known as Pahudia) are closely
related to /ntsia and produce wood of similar quality. They also deserve much
greater research attention than they now receive. Indeed, the genus Afzelia is

i

r
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so closely related to Intsia that, until recently, they were classified together as

a single genus. The trees of each are similar and the timbers are of like

quality. Most statementio_rim&al_so pply to Afzelia species. . .
Spemes_bﬂ silvicultural consideration include:

23

Afzelia afrzcana A fzelza pachyloba and Afzelia bipindensis, West Afncan
tlmbers exported under the trade name Apa OF: Afzel’la '

‘ ®

" Afzelia quanzensis (sometimes'spelled cuanzensis) ‘the 'source of pod
maho any, an 1mportant timber of Central Afnca in Malawi, Rhodesxa and
Zambla, . ,

A fzelta xylocarpa; and

Af elta rhomboides (formerly called Pahudza rhombotdea) known in com-
merce |as tindalo or Malacca teak and one. of the mos! valuable- ‘and ‘highly
pnzeé? timbers of Suutheast Asia.

L B
LT
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“Some Asian and African species of the genus Pterocarpus® produce beauti-
ful, highly decorative timbers that rank among the finest luxury woods in the
‘\world Padauk, narra, and muninga=—all frem species of Pterocarpus—are some
of the most famous woods in the international timber trade. The demand for
‘these nch dark-brown to blood-red woods—often compared with teak and’
mahoganyéfar outstrips supply. Yet none are under extensive cultivation and
~ the native stands are fast disappearing. But though little known to the world’s
foresters and vmually untried in plantations, seVeral Pterocarpus species
appear to have the mherent qualities desirable in a reforestation crop. There
are commercmlly valuable species native to a variety: ‘of tropical climates from

““rainforest to dry open savanna. Table 2 lists nine commercially valuabley,
Pterocarpus species.t Modern 81lv1cultura1 research might tum them into
importanf ptantation species for the tropics. -

Except for Pterocarpus indicus (narra) and Prerocarpus angolensis (mun-
inga) the literature gives no information on the cultivation of any of these |
~.species. However, proliﬁc seed production and easy propagation is a charac- ./

“teristic of. Prerocarpus species. Indeed; narra is one of the easiest trees to
- reproduce: it-grows readily from seeds, suckers, or cuttmgs With. narra, Prero-

" catpus dalbergtozdes (Andaman padauk), and rgumnga large cuttmgs, some-
times as tall as a man,-will root, forming an “instant forest” (see 111ustrat10n
‘page 228), In this way, waste branches’from wind-blown, felled, or pruned\v_‘
-~ trees can be planted (if done in the season when Lhe sap is nsmg) to produce
new trees. o

All Pterocarpus species have dlstm\,twe frmts that. differ remarkably from

“the long pods of most legumes: They are spherical and glrded by a flat wing
(pterocarpus | medns winged fruit) that gives a “flying saucer” appearance.

- Root nodules have been observed onparra seedlmgs in the Phﬂ1ppmes and
it seems likely that other species can obtain mtrogen at le#st when youmg, by -

- symbiosis with- hazobzum bactena . L

l

o . ) \\\
Subfamily; Papﬂ]onmdeae - : :
‘( Others mclude Pterocarpus pedatus (V 1etnam and Khmer Repubhc) and P, mtldbmedu.

- 221
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In isolation these trees may assume an undesirable, open spreading form
with short bole and low branching; in plantations, however, narra, at least,
produces trees with long straight boles, the small branches dropping of their
own accord. It seems likely that the other species may react similarly. j
Growth rates for these trees are little known. Statements in the literature
conflict, some claiming rapid growth, others slow growth. [t seems likely that
they grow somewhat more slowly than mahogany (Swietenia macrophylla),
but that in favorable localions growth can be moderately fast. In trials in the
Solomon Islands on degraded, potassium-deficient soils narra trees grown
from cuttings have reached 2-3 m in their first year.* A plot of narra es-
tablished in Zanzibar (from cuttings.0.6 m long) reached 8 m in height in

5 years.t In the Philippines 7 year old narra trees can have a diameter of

30 ¢cm.+ Andaman padauk planted on laterikkic soils in Madras, India, es-
tablished rapidly and reached a height of 23 m and a girth of 56 cm in 16
years. § .

Generally the Prt’/‘()c'(zr/)lfv timbers are deep red or reddish purple. For

furniture, cabinetwork, joinery, uuvmg,s parquet, ﬂoormg decorative panel-
ing, plywood, and boat building, they are unsurpassed. Medium-to- heavy
- woods with a handsome, fine-grained appearance, they take a high polish and
arc stable, strong, durable, and easily worked. -

*y The young leaves of many of the sf)ecies'zlr'c edible. Prerocarpus sovauxii,
1’[(”7‘()"('ar1)us' santalinoides, and Pterocarpus mildbraedii are very important
sources of green vegetables and forage in southeastérn ngcrm Young narra
leaves are sometimes eaten in the Philippines. | ’

Pterocarpus trees are also.choice ornamentals. For most of the year their
attractive canopy provides shade and beautification. They create scant litter,
their branches seldom break, and they will arch over wide roadways, produc-
ing cool, beautiful avenues. Narta is widely planted in parks and avenues in
Southeast Asia and to a lesser extent in Florida and Puerto Rico. The trees
also produce annual showy masses of bright yellow blooms that, upon falling,
create a golden carpet beneath the trees” New leaves follow immediately, so
‘that shade is quickly restored. Pterocarpus erinuceus is particularly worth

Vtesting as-an ornamental in appropriate dry savanna country. Each year it
provides a great profusmn of goldcn yellow flowers that completely cover
the tree,

More specific information on some of the better-known timber species is
given below. |

“"“‘*lnformatxon supplied by B. R. Thomson. See Research Contacts.

lStreels 1962. : L
Jrlnlormatlon supplied by J. P ROJO See Research Contacts
§ Streets. 1962. : -,

A
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TABLE 2 Species of Pterocarpus that produce high-quality furniture woods.

SPECIES .

-NATIVE HABITAT

COMMON NAME

. | ' A

Asia
Pterocarpus dalbergioides

P indicus

P. macrocarpus

P. . marsupium

[—

e
P. sanmlmu_s

Africa
Pterocarpus angolensis

P. erinaceus

P. osun and
P. soyauxii

South Asia -

Sout}}east”Asia

Burma;
Thailand;
Indochina

India;

Sri Lanka

India

Southern Africa;
Tanzania,
Zaire

Senegal to 4
Central African
- Empire
Nigeria to
ZLaire

Andaman padauk;

andaman redwood;

vermilion wood
Narra

Burma padauk

Red sandalwood

Muninga

African padad;]é; ,
barwood :

One of the most sought after of all tropical hardwoods.

" One of the classic turniture woods of the Orient.

Luxury wood, well-streaked orange-yellow to red or
red-brown.

%n Southern India, most important timber after teak and -
blackwood (Dalbergia latifolia, see page 232). Much in
demand.

Fragrant red heartwood. Scent resembles sandalwood.

Tree of dry, open woodlands. Less dense wood than &
P. indicus but properties similar. Important export
~timber.

Widespread savanna tree. Heartwood nch brown mottled
with darker streaks. . &

: ¥
Heartwood has striking deep-red color, makes excellent

[

furniture wood and-decorative veneer. Highly prized.
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3 L
Pterocarpus indicus™

work, paneling, carvings, and flooring. In
New Guinea, it is considered to be the finest indigenous furniture wood.
It is a lustrous and decorative wood noted for taking a high polish. In con-
tact with water, it gives off an iridescent blue-green glow; cups turned from
narra wood were once con31dcred glﬂs fit fm royalty.

It is sull m great

~ Pterocarpus indicus (narra), (Philippine National Oil Company)

*Pterocarpus indicus Willd. Also known as narra, angsana.(Malaysia), Papua New Guinea

~————rtosewood- (Papua” New Guinea), amboyna wood. (burr-figured wood), liki (Solomon
Islands), sena (Java, Sumatra, Moluccas), and linggoa (Indonesia). This species occurs in
genotypes that were until recently designated as distinct species (see RO_]O 1972. Seléct-
ed Readings). Two of these aré F. indicus Willd., forma indicus (formerly known as
Blanco’s narra P. blancoi or as hairy narra P. pubsccns) and P. indicus Willd. forma
echinatus (Pers) Rojo (formerly known as P. vidalianus).

PN




Y

PTEROCARPUS SPECIES . 225

- The heartwood from rapidly growing trees is golden brown and-known as
yellow narra; that from slower growing trees is red or red- brown and called
red narra. The wood is also often yellow or bright red with black strlplng

- The grain is frequently crossed, wavy, or interlocked, producing an attrac-

tive pattern in the finished wood. It has a pleasant, persistent odor suggesting
rose, cedar, sandalwood, or camphor, and is sometimes marketed under the
name rosewood. : ;

Pterocarpus indicus is lofty, handsome, broad crowned, heavily branched
and often reaches a height of 40 m. The bole can be 20 m tall and 1-2 m in
diameter (breast height). 1t is usually irregular and fluted, with a smooth,
light-yellow bark. '

o : 87

Prerocarpus angolensis*

The”s“[‘;remié; timber of Eas.t and Central Africa, muninga has a well-
deserved, worldwide reputatxon The wood varies from brick red to pale
brown, golden brown and Cho¢olalc and is one of the most valuable timbers

Pterocarf?us angolensisf Infulene Plantation, Mozambique. (R.J. Poynton)

A

~ *PterocaJ(pus angolensis DC. Timber marketed’ mternatlenally under name of muninga.

Also known as bloodwood. : . ,
'g]
|
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_ found in Africa. A teak-hke wood, it is easily worked shrinks little on drymg, |

“and’is strong and durable, resisting both borers and termites: It takes a fine
pohsh and is handsomely figured with golden yellow, or reddish stredks. It is
‘used mainly for furniture, general joinery, carvrngs parquet flooring, panw
ing, plywood ‘and boat building. i g

~ The munmga tree is ‘native to savanna woodland and coastal plams Al-

though it can be planted as large cuttings, as mentioned-above;-attempts-to—~ -
grow it in plantations have 50 far met w1th little success.

\

. \\\

erocarpus dalb'ergioides* , \
B ‘ - '
\

A native of South Asia, this tree roduces Andaman padauk, (@ of the
most f‘amous tropical timbers. Although lrttle tested in plantations, the
spec1es shorwed vigorous growth when itroduced to very poor soil on Zanzi-
bar This, together w1th the exceptronal quality of its wood, has led one
promment -author to conclude thatthis specres has hrgh potential as a CrOp»
for laterite soils in high rainfall areas where 'teak grow:. poorly.y -
.. ‘The heartwood ranges in shade from red-brown to warm red and.may have

" red or black streaks. It is easy 't6 season and is very hard and strong. Itisused -
. mamly in veneers, panelrng, furnlturc, interior fittings,. balustrades and
“turnery. (See color plate.) )

Pyterqbqatpys S0yauxiit

- Found in rainforests from Nigeria to Zaire, this tall, straight-boled tree has
gb’ibdd'-fed heartwood that i \anwlmportant export of countries such 4s Cam-
eroon and Gabon. There has .\en little attempt to introduce it into planta- - .~
~ tions' even though it is readily propagated from seed and is widely planted by
African viltagers for its edible leaves and shoots. These greens contain about
30 percent proteln and are eaten in soups and in “‘fufu” with pounded yams, "
cocoyams, and cassava, especialby dunng the dry season when annual vege-

ﬁ ‘table crops are not available. N '
" Red dye extracted from the heartwood is used ext\ensrvelv in Europe to .
Mcolor foods such as temato ketchup. The as a brilliant red. hue,

though it fades on exposure and needs- ap'fotectlve coatlng (See color plate )

| ?”*Pterocarp’us da'lb,erg'ioides Roxb. . S ‘ ‘ o ,
tStreets. 1962. | - | N : .

1Pterocarpus soyauxii Taub. Tunber is marketed under the narnes bagwood redwood .

' r.’Gabon padauk African coralwood, Afrlcan padauk .

RN
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Pterocarpus erinaceus™ .

L\n' l
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virtually unknown to commerce. But it a beauuful rlch, rose-red or dark-
brown wood mottled with dark streaks. It has been overlooked because larger &
timber trees have been widely available in its native habitat. Although found
throughout West Africa froin Senegal to Gabon, this hard, attractive timber is

currently produced mainly in Togo andWigeria. :
Pterocarpus erinaceus is a tree of dry, n savanna forgsts. It thrives on

shallow soils and in areas with maqderately long dry seasons. lts leaves make
~ fairly good fodder (w1th 19 percent protem) and the trees are dehbcrately )
wlantnd Ffar thio miirnmon MNannn aginhlichaAd [P PR
pldllLCU 101 Llllb '}JUI[JUDb ULILC CbldUllbllCU LllC_y lCL{UllC jllUC dllElIUUll dllU.
readily regenerate after cutting for forage or wood. As previously noted, this
-species is also an attractive ornamental, especially when bedecked in its co-

_pious racemes of bright golden-yellow flowers.

—
—
-
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Success in cultivating plantations pf Prerocarpus species will probably be
largely determined by site conditions. Each type of tree has specific require- -
ments. For example, narra grows best on deep, fertile, well-drained soils at

elevations less than 600 m and seems to require annual rainfall of more than
1,500 mm. s ' ¢

. Aithough w1deLy considered to. be fairly disease- and pest-resistant plants,

hundreds of narra specimens grown during the last century as roadside trees
in’ Penang, Malacca and Singapore died of an unknown cause, probably a
disease. Although narra is a wind-firm tree, it has been mJured by typhoons in

- the Philippines.

P

Narra.trees in plantations typlcally grow with a long, sweepmg, benl leader
sometimes producing forks that often disappear as the tree gradually
straightens \"aviyth age. Untended individual trees develop poor form and have
Tow branches They also sometimes grow prominent buttresses (which are
, made into exqu1s1tely patterned lable tops) as well as fluted and twisted
"boles; large trees are often hollow. On poor soils the trees may be stunted.

: Similar problems may be encounter@d with- thc other Pterocarpus species.

[ &Y
Re’s',earch Needs \
| N . , 8
Despite their commércial importance, Pterocarpus species have been al-
most entirely overlooked by science; only one research paper on Pterocarpus
sﬂv1culture has been pubhshed in the past 8 years.

*Pterocarpus ermaceus Poxr Also known as African or Senegal roscwood apepe
madob1a L : , .

h -3
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“Instant” Pterocarpus trees have been prodticed in the Philippines.
Big branches (2 m long and 10 cm diameter) of Prerocarpus indicus
were dipped in a solution of rooting hormone for 24 hours and then”
directly planted in the field. Roots and shoots developed profusely.
This innovative system saves the years of delay normally involved in
waiting for a seedling to reach this size. (E.N. Crizaldo, M.V. Dal-
macia, and Z. Genil, Forest Research Institute, College, Laguna,
Philippines)
Narra is the best-known species, but all those listed in Table 2 deserve
research ~
Thése Prerocarpus species should be tesied as plamtation crops, much of
which can be done in regions wheﬂ;en the species are indigenous. In addition,
trials should be established to detgrmine the environmental tolerances and
productivity differences between the individual species.
-Information on the cultural requirements of Prerocarpus species under
plantation condmons is badly needed. Forestry researchers are encourag&dﬁ\\
undertake the comprehensive trials necessary for establishing commercia

planlfmons The investigators must consider: 5

. ‘Acquisilion of superior varieties (by selection and hybridization);
Performance in different ecological zones and in various soil types;
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. ldentrfrcatron and control of serious pests and diseases; .

o Seed productron handling, and storage (including seed orchard establish-
- ment, seed collection, and seed pretreatment);

e Silvicultural methods of reproduction (natural and’ artrﬁcral as well as
‘nursery and plantation requrrements) and ~ v

‘e Management (economic rotatlon and harvestin‘g', for exarnple). LY

Nodulatron has been found in narra seedlings and it is important to investi-
gate tfre other species to see-if they too make use of hazobzum for mtrogen
supplies. L S

- Further 1nvest1§atron of the propagatron of Pterocarpus specres using large
cuttrngs (truncheons) is needed. The use of rootmg hormones may facilitite
thls technique and extend its use to species other than narra, muninga, and
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Lanka (7. marsupium)

Royal Forest Department, Paholyothin Road, Bangkok 9. Thailand (S. Nicharat, Chiet,
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Pt'erocarpus macrocarpus
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Cooperatives, Rajadamndern Nok Avenue, Bangkok '1, Thailand

S. Kittinanda, Director, National Forest Land Management ‘Division. Royal Forest
Department, Ministry of Agriculture dnd Cooperatives, Paholyothin Road-Banskok
9, Thailand :
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A dozen or so species of the genus Dalbergia* produce the rosewood
timber so renowned for its rich eolors beautiful grain, pleasant fragrance, and
superlauve technical qualities. Rosewood species have long been sought by
makers of fine furniture. Brazilian rosewood (Dalbergia nigra) Wis already an-
item of commerce 300 years ago, and Brazilian tulipwoodt is characteristic
of classic French furniture, especially that of the Napoleonic era. Today,
rosewoods are among the most esteemed and costly timbers in the world.
~ Rosewoods are richly variegated and uncommonly beautiful. Although
each is different, as a group they comprise wogds with shades of yellow,
chocolate brown, red, and violet—all 1rregularly and conspicuously streaked
with dark red, black, or purple. Freshly cut, the wood has a mﬂd lasting,
rose-like scent that gives it its name.

* Wherever Dalbergia trees grow, their woods are recognized as one of the

~ best timbers“of the region: Brazilian rosewood in Brazil, cocobolo in Central

America, Honduras resewood in Belize, grenadilla in East Africa, blackwood
(Indian rosewood) in Indla and others in Madagascar and Southeast Asia (see
Table 3). Sorne are so valuable that even tiny logs less than 2 m long and 10
cnrin diameter are exported .

‘Although widespread, today the trees are nowhere abundant; all the acces-
sible stands have long been logged out and rosewood has become very scarce.

*Actually, some 250 Dalbergia species are known. Most are tropical shrubs or vines. Sub-
family: Papilionoideae.

tFrom Dalbergia frutescens (Vell.) Britt, .

\e
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. » D. greveana -

D, m_elanoxylbn

est L Asia

- D.cochinchinensis

“D. éultrata

@

D latifolia

'D. oliveri.

D: sissoides

‘East African blackwood;
Senegal ebony ©

-

Thailand rosewood; chin -

;,ghian; tracwood.

‘Burma b]ackwood;A

yindaik

* - Indian rosewood;

Bombay blackwood;
East Indian blackwood

Burma rosewood;

~ tamalan
Malabar blackwood;

Sudan to South Afr ca;
Senegal

Thailand;
Indochina

Burma

—_—

Indian Sub%on@eni

Up'per Burma;
Thailand -~ .
Southem India ‘

|
i
|

Dry, often rocky sites

- Dry. and moist

evergreen forests

Lowland and dry, up-
land mixed forests

: Dry savanna

Dry hillsides, often-
on laterite

Hill slopes up to
600 m

" TABLE 3 Sc)me Da’lbergia species that pfoduée luxury. timbers with remarkable coldration. -
| Spetie's,,," ‘ Common Néine - Native Habitat Environment _ : Heartwood Cdlor
A_flica . R ’ . : ‘ % ' ’ R — . »»<;.,.‘,, e . ’
- Dalbergia africana Pau santo africana Equatorial and igffland savanna Dark brown, with irregular
R R ;o SouthﬁWest Afriral‘ ' black streak -
- D. baronii Palissandre o ' Madagascar (East) | Tropical rainforest Gtay-buff to dark brown
J ‘voamboana = ° | 3 . . L
Palissandre violet Madagascar (West) ’ Tropical savanna Purple-brown

Dark, purplish brown

~ Brownish red

Black, with dark,,i)ur)ble streaks .

Gold-brown to rose-purple, or
deep purple, streaked with blacl

.Rich red .
Purple mixed with dark brown '

.




Brazil
D. cearensis

- D. de%;u laris

€et

D. frutescens (Vell.)
Britt. var. tomentosa

D. nigra

D. spruceana

Central America
D. retusa T

D. stevensonii

D. turcurensis

Brazilian kingwood

Brazilian tulipwood;
Sebastiao-de-Arruda

Brazilian tulipwood

. Brazilian rosewood;

Bahia rosewood;
Rio rosewood

Amazon rosewood;

jacaranda do Para

Cocobolo;

Nicaraguan rosewood

hagaed wood

Résewood : granadillo

s

&)
- Honduras rosewood;

@y

Ceara, Brazil
Bahia, Brdzil
Bahia, Brazil

Coastal Brazils
Bahia, Rio

Lower Amazonn
Brazil

West coast Central

America; Mexico; -

Panama

Belize

Guatemala;
Honduras; Belize;
Mexico

.Dry savanna

Dry forests

Coastal rainforest

Coastal rainforests

Dry sités

Coastal lowlands and
hillslopes

Riverain and

dryer areas

Riverain and

. dryer areas.

Brown, with fine stripes of black
or deep violet

Pinkish-yellow with wine-
colored stripes '

‘Bright yellow or pink with red or

purple streaks

Brown, red, or violet, streaked =

. with black - -~

Rich golden brown, streaked witl
red or violet

Rainbow hued to deepﬂ red

Pinkish-brown to purple; irregula
light and dark zones

Orange to brown with violet or
purple striping
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Since the timber is in great demand, Dalbergia trees would seem 1o be worth
cultivating. But outside of India and Java, there are no plantations or trial
" plantings. Indeed, rosewoods have been so neglected by science that the
strength properties and structure of most of them have never been measured.

Given research attention, these legumes might once-more become important .
economic crops for the tropics.

Dalbergia latifolia, Tamil Nadu, India. (Forest Research Institute,
Dehra Dun, India) ) '

1

E3

s

o

%

. ’ q

The woods differ i colar, but they share most other gross properties. The

B

. frees thaf p,l'oduéé them are also much alike. They are medium size, reaching

~ N
A a .
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25-35m tall, with irregular-shaped boles 1-2 m in diameter. They have large,
ledthery leaflets and clusters of white or yellow pea-like flowers that give rise
to thin, flat pods containing a single seed. A few species are native to tropical
raigforest regions; but most come from savanna regions with long dry seasons.

Only the heartwood yields quality timber. It seasons slowly but with little
warping, splitting, or cracking. During seasoning, shrinkage is slight, com-
parable to that of mahogany (Swietenia macrophylla), a wood noted for its
unusually low and uniform shrinkage. An manufactured objects, the wood is

exceptionally stable and holdsvgls shape, making it much' esteemed for-

patternmaking. It is hard, hea and strong. Indian rosewood (Dalbergia
latifolia), for example, is 2.5 times harder and 25 percent stronger ,_Lh":i'n ouak.
Specific gravity of roseweod varies from 0.75-1.22, usually falling between
0.85 and 1.1. :

Dalbergla hearlwoods are not dlfﬂcull to work.* They saw and machine
perhaps any other wood. Then gram is either straxght or wavy, with a surface
texture that is uniform and moderately coarse. Rosewoods stain avell and
polish to a rich, lustrous finish.

‘The Umber is unusually durable Researchers have tound that one speues

genus thal acl as potent bacterlcxdes fungICIdes ‘and algicides. These sub-
stances are highly toxu. to termites, mosqu1to ldrvae the LOHfUSGd ﬂour,

ucts), and marine borers. Dalbergza retusa is an emeptlonally ‘good {imber for
marine use.t The compounds contain only carbon, hydrogen, and oxygen and

%n‘ay be less broadly toxic, less persistent, and more biodegradable than pesti-

mdes now in use. With shght structural changes, they can sterilize, repel or
Jl}hlblt the growth of other insect pests.{
- With their var1egated colors, rosewoods make striking veneers and panel-
ing. They are in demand for fine furniture, cabinetmaking, and sounding
boards for high-quality musu.al instruments (e.g., pianos, Llarmcts gumns)
jewelry cases, canes, moldings, and interior trim in boats

.'/ { '
< ’/ kil
*An exception to this and many other descriptions in this chapter is Dalbergia melan-
oxylon, »z/t' small, often misshapen tree (less than 7.5 m tall) yielding short (1-1.5 m long)

logs that are often defective. The wood is very difficult to season and work, but it is one -

of the most valuab]e timbers of East Africa and makes the finest clarinets, oboes. bag-
pipe chanters, mghtstlcks and bearings.

it was the most bioresistant woad out of 97 Panamanian woods tested for resistance to
termites, teredo worms, fungi, and other organisms. Bultman. 1977,

~ fInformation supplied by L. Jurd, U.S. Depa_r-tmént ot Agriculture, ARS, Western

Rgigional Research Laboratory, Berkeley, California 94710, USA.
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Limitations _ f

Except fof Dalber'gz'a latifolia,* almost nothing is knoWn about the cultural
requirements of rosewoods not even whether they are suitable for cultiva-

. Ay
tigh. -

A The:rees are slow in forming heartwood. Thus, even large logs often lose
‘much of their volume when the valueless sapwood is removed. ,

In somé{\spemes it is thought that only old (and often defectnve) stems give
the fmgra richly colored timber.
Sawdust from Dalbergia retusa causes an irritating dermatitis in some

‘people suscepuble workmen must be protected.

_/It_is seported ‘that, at least for Dalbergia nigra, the color is most pro-
vounced if the tree is girdled and the wood left to season before felling.
Although/ among woods of comparable density and hardness rosewood is

eésy to work, it is'more difficult, and dulls cutlmg edges more readily, than
s?fter woods. N 8
/ _ A
Research Needs

. - ® ’. . - 4 ,
The commercially valuable Dalbergia species are slow-growing . trees, but
due to the Val%i of their timber, efforts should be made to extend their

,._gu‘ﬂ[wwhnn Tr!_m\arp recommended in native hahnam and in cnmnnmh]p

R VAV LRS A FR SRV S  ihamialad i

environiments elsewhe;e in thetropics. '

There are pioneering_plantations of Dalbergia Iatzfolza in India and Java.
But for the other‘speci‘é\gesearch is needed on such basic cultural practices
as seed collecting and handling, germination, nursery handling, transplanting, .

,. plantallon spacing, maintenance, and pest control.

Information is alsa needed on the basic physiology of the trees, especially
their nodulation and nitrogen-fixing ability, aswell as an the physiology of
heartwood producuon and the reason why wood from old, defective trees has ‘
the best color. -

In Brazil, Machaerium specnes —close relatives of Dalbergza—are also ex-
ploited for their heartwood, which, though lighter colored and not as highly
f igﬁred resembles rosewood. Researchers are encouraged to consider
Machaerzum speciés in their Dalbergza research

’;Selected Readmgs -_ S !

Bultm.m J. D cd. 1977. Proceedmgs of a Workshop on the Bzodeteno?anon of Tropical
| Woods: Chemtcal ﬁaszs jor Natural Resistance. Marine B;ology and Blochemlstry

‘E*Dalbergia sissoo "a related species is quite well known in plantatioﬁs (see page 199), but
.. this fast-growmg species produces a light and uniformly colored wood quite unlike the

rosewoods. : : :

o
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S. Nicharat, Chief, Botany Section, Silvicultural Division, Royal Forest Department
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Dalbergia cocfxncliinensis

Forest Industry Orgarization, Ministry of Agriculture and Cooperatives, Rajadamndern
Nok Avenue, Bangkok 1, Thailand (Sa-Ard Boonkird. Deputy Director) .

S.Kittinanda, Director, National [Forest Land Management Division, Roval I-orest Depart-
ment, Ministry of Agriculture and Cooperatives, Paholyothin Road, Bangkok 9,
Thailand

Dalbergia melanox ylon

Officer in Charge, Natlonal Herbarium and Botanic Garden, P.O. Box 8100, Causcway,
Sdllbblll‘y, Zimbabwe Rhodesia

B. Ramanonjiarisoa, Department of Botany, University of Massachuscetts. Amlwrsff@ Mas-
sachusetts 01003 USA

I. M. Shehaghilo, Forester-Silviculture Seeds Section. Forest Department, Mmlstrv of
Natural Resources and Tourism, PO Box 95, Lushoto, Tanzania
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VII Miscellaneous

Ornamentals

N The family Leguminosae includes some of the most glorious of flowering
plants. Many are tropical or subtropical trees, and a number of countries have
_chosen a showy legume as a national flower or tree.* :

The expansion of cities and highways has resulted in an ever- mcredsmg
need for shadé and beautification. Cement walls reflect up to 60 percent of
the incident sunlight—partly as light, partly as heat. Road suri%es depending
on type, reflect 25-45 percent of the sunlight. In warm climates there is often
no resplte from the sun for months on end, with the intense gldrg verging on
the threshold level above which vision is damaged. This unrelentmo glare and
heat, along with urban blight, can be factors in civil unrest; the increase of

urban discontent in the ‘hot season has been noted in many p&rts of the

world.

Trees reduce these damaging light intensities. On a hot afternoon when the
tropical sun is beating down mercilessly, a person standing beneath a tree can
be relatively comfortable, for dense foliage absorbs about 70 percent of the
sun’s rays, reflects 17 percent, and transmits only about 13 peruent F Within
the tree-shaded mlcrochmate temperatures are lower and the light less

- blinding.

*Including Braz11 (Brazil-wood or pau-brasil; Caesalpinia echmata),, New Zealand (un-

official, kowhai, Sophora species), Australia (golden wattle, Acacia ]pycnantha), Argen-

tina (el seibo, Erythrina crista-galli), Barbados (pride of Barbados, Caesalpinia pulcher-

rima), Philippines (molave or narra, Prerocarpus indicus), Hong Kong (Hong Kong orchid
" tree, Bauhinia blakeana), and Thailand (ratchapruck, golden shower, Cassia fistula).

TChaphekar, S.B., and S.S. Kulkarni. 1973. Light, heat and rddside pldnts. Indian
Forester 99(9):579-581. .

239
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~ In cities and villages, along roadsides, in private ga‘rdens or public parks,.
and in schools and universities, ornamental plants have always been éontrrbdf
ing factors in helping people take pleasure. in their environment. Yet the'
-'prov131on of these important amenities is*;often-overlooked, especially in
. developing countrles, wheré funds are limited. Cultivation of trees and shrubs
“.can be a major “appropriate technology” for such countries, requiring little
or no foreign exchange-or fechpical support and using indigenous skills. Many
"omamentals have functional value beyond the aesthetic; some can also pro-
" vide fodder ‘hone§, soil tabilization, soil improvement, wood and food and
* shelter for blrds and other wildlife, as well as the standard benefits of reduc-
~“"mg wm‘d noise, heat, and dust'and giving privacy and pratection to dwellmgs
It h has been calculated that one shade trée has vthelﬁocilmg’equrvalent of four_
W room air condmoners : - EE
“In-addition, some tropical and subtroprcal countnesl-are arrfrelghtmg mil-
‘?”-‘ghons of ‘dollars worth of flowers each year to North America and Europe
fThere is a large market for flowering plants, especially durmg northern winter
‘? -;}months* when ornamentals cannot be locally grown. Warm-clunate countries
such-as Brazrl Israel, Ivory Coast, and Kenya are already takmg advantage of |
‘thls and are réaping considerable export earnings. ,
o Thls chapter outlinés leguminous omamentals that dese{ve greater recogm-
tron and use throughout the troprcs ‘

T

B

,Acacia Species

.=Australran and African countryside.* Of the 800 or 5o Acacia specigs, sever
- dozen” produce such masses of ﬂowers hat the trges becomge ben% with the
- weight. Most of these estahhshreasﬂy-from -seed ~grow-qurclel¥an —ﬂowe%af
--an early age. Wrth their c‘onsrdegble drought tolerance most will thrrve )
‘where dry seasons are long.” . N
- The ﬂower§‘ coftén yellow cluster at the branch ends in elther balls or -
catkin-likey splkes They ate  sweet scented. dnd may remain in bloom for
severdl weéks ‘The tree§ are generally srrall and often display attractive, silvgr~
| colored Fo/lrage Neat afid graceful, they are well su1ted to p"rlvate gardens. ¥
In Austraha, omamenfall Acacia species are found in all the states and.
"gappear oq the natlonal ‘coat of arms. Some flower so prolifically that Aus-

_.vGers Among the most attractlveT are:
L. ’l . 3y

The blllowrrrg blossoms of Acacza trees are a conspxcuo‘hs feature of th{ |
=

~ Acacia specreg hlghly P ~'zed as ﬁan ornamental and street tree in eastem |

trees.
’;(: See also Aarcz‘a pendula (page 1,

. ‘\

"*SWWeae In. ’Auzyaha they are kmgwn as wattle trees, in Afnca as thomn

6)

l'v
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Australia. Elegant round-headed small tree with - branches sweepmg the
ground and feathery, sdver-gray foliage concealing each branchlet. In spring it
prov1des a show of brilliant, bright-gold flowers. Grows quickly (1 4m“per

“year for first few years) but dies after 15-20 years. Valuable for interplanting
with slow-growing d(narnentals..(See color plate.) ‘

ta

an attractive open habit (1-2 m tall) and finely divided blue-gray or green,

* feathery, leaves. Its masses of golden spikes make it a striking sight in season.”

Requires well-drained soil. A perfect garden shrub. (See color plate.)

"Acdcwviiodalyrufohd A. Cunin.* ex G. Don. Queensland silver wattle. One
of the most accommodatmg, qulck growing, and attractive ornamental

_‘m A sl se deep-golden flower heads in short,
. dense clusters, Suitable for climates with 675-1,150 nfim annual rainfall and,
- for light to medium soils. Good for open terrain, for fnstance, near coasts or
" on mountdins. Often short lived, but especially uskful for quick-growing
_itemporary cover.

" Golden rain wattle. A shrub or small tree w1tl1 weeping- -willow-like droop
brancEes and.light-green. foliage...Flower-heads-in-dense-clusters; very-prof

g

Acacia-prominens A. Cunn, ExG. Don. (A. ii’mfolta WllId var. prommeg)

and—{inlike. most Acacia blos'slbm—unafgected‘; by rain. Sweetly scented. A

-grown specimen in full-bloom is a magnificent spectacle.

— ! - A

Ac?ctajoygnantha Benth The golden wattler Austraha s natlonal ﬂower
- Occurs as either a ﬁ?ﬂlﬂ;}r\sm\ (3 6m hlgh) open-crowned tree. In flower,
it becomes a mass of showy golden n blossoms. Drought tolerant and prized by
‘Australians as an “ornaméntal species for. areas- ‘with hot, dry summers- and
annual rainfall from 300 to 650 :mm. Bark contains more tannin than ottrer -
.- acaciag, but the- tree’ s small size, reduces its commercial value. Will grow in
~shallow soils, is an excellent sand binder, and is suitable for coastal and -
mountam plantmgs (See color plate.)

U A fgektq sericea . , e
’ ‘ ,1* : .
A tw1n1ng, qu1ck growmg chmber Afgekia serzceaT was first collected by «

. botanists only 50 years ago. Although native to savanna country of Thailand, .

,Je@ant grows vigorously and flowers year-round in Singapare, so it seems

- Acacig.drummondii Lindl. One of the d’ainti_est.of all shrubby acacias, with

K
;

suited to. both dry and wet trop1cs Among its beautlful foliage, Afgekia

- *Formetly spelledA podalyriaefolia. : .
~ TAfggk_ia seéricea Craib. Subfamily: Papiliohoideae. o

KN
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- sericea produces giant trusses (sometimes 60 cm long) of cream and pink
flowers with pink bracts covered with silky hairs. Each flower cluster con-
‘tinues blooming for several weeks. Propagated by seed, this plant deserves
much wider recognition and use. (See color plate.)

o : . e

_‘ A‘—n‘zherst‘ia\ obilis |

’l:lns plant, among the most beautriul in the vegetable kingdom, merits
wrdespread planting. But Amberstia nobilis* has proved difficult to establish
~and propagat‘_' and presents a major hortlcultural challenge.
A small tree growing to 12 m tall, it blooms most of the year. In its native
Burma where it is considered sacred, handfuls of its flowers are offered
' before imag ‘s of Buddha Individual ﬂowers have wide-spreading crimson
1 the upper ones are tipped with gold. These blossoms hang like
_ obile sculpture enhanced by the background of handsome dark
: fohage (See color plates.) ~ :

“The teathe'rjlca\fes have Whltlsh undersides and are up to 1 m long. Am-

herstia is decidgous, and when its new leaflets emerge they have a pinkish-
""" copper toloi that gradually changes tnnch_bronze_andfmaJLy—greeﬂ—makmg—

the plant exceptionally colorful even before the flowers appear.

" Ambherstia requires a warm, moist climate as well as shade and protection

from severe winds. It has been cultivated successfully in botanic gardens in-

the Philippines, India, Sri Lanka; Hawaii, Jamaica, Trinidad, and Brazil, but

N:«J‘tterr}pts in other parts of the tropics so far have failed.

Smce the plant seldom sets seed, propagatlon is hsually by means of layer-
- ing or, less often, by cuttings. B

Barklya syringtfolza ‘. s

ne of the loveliest of Australian trees, Barklya syringifoliat is also one of
theOFeast known outside its native coastal districts 6f southern Queensland
.and |fiorthern New South Wales, It is a tall tree, sometimes reaching 20 m,
_with) dark evergreen foliage. Each summer it erupts in a brilliant dlsplay of

__sm ,.brlght yellow-orange flowers clustered at the branch tips in ‘sprays
15- 18 cm long. This is a tree to brighten residential areas in warm climates.
Although| it BIOWS slowly and requrres moist, rlch soil -t well deserves more

. W1despre_d trials. (See color plate.) " : - - N

\
/ "‘Amherstza nobilis Wall, Subfamily: Caesalpinioideae. \ ;

N\
tBarklya syringifolia F.-Muell. Subfamily: Uncertain; tradmorrally it is placed in Papl-
_lionoideae, but some botanists nowfsuspect _that meay be. alhed. to the genus. Bauhm\m
ini Caesalp]nioideae
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Bauhinia Species |

~ The genus Bauiiifnia*_ contains about 200 species scattered'throughout the
tropics, about 50 of which have been cultivated as ornamentals. A number of
~ them are considered to be among the most attractive of all flowering plants.
These trees, shrubs, and*woody vines bear prolific clustess of flowers, many
of which strikingly resemble orchids. Colors range from pure white through
shades of yellow, rose, and lavender to deep red and purple. The ‘“orchid
trees” bloom at different seasons; combined plantmgs can give virtual year-
~round golor. There is scope“for hybridization to enhance therr attractiveness
even further. : L
The plants grow well in a wide range of poor soils—alkaline or acid, rocky i
or sandy-—but soils must be well-drained. They establish readily from seed and’
‘requrre little malntenance .Jhe leaves, flower buds, flowers, young shoots,
and ‘young. pods of some of the species are eaten as vegetables.
o Bauhzma purpurea, Bauhinia variegata, and Bauhinia monandra are already
| w1de1y planted throughout the tropics. (See color plate.) Some lesser-known
specws of singular- beauty follow, | RS

: Bauhmla blakeana Dunn. The single most spectacular Bauhmza _a sterile
| fhybrrd from Hong Kong. Its fragrant flowers, up to 15 cm across, are brilliant
“deep crimson; Not yet common in the tropics, it has become a popular tree in
south Florida in recent years. Produces no seed and is propagated by cuttings
| and air- layermg (See color plate )‘ - .
. 'Ba‘uhim'a corymbosa Roxb.+ The great‘ 19th-century botanist Sir Joseph
. Hooker termed this “one of the most beaunful of climbers,” but it is still not
well known in most:tiopical areas A native of South China, it bears masses of
: fragrant rosy-pink.flowers;.each set off by three bright red stamens. Bauhinia
glauca, an almost identical specles is found in South China, Southeast Asia,
and Burrna S o

Bauhinia kochigna l(orthi ‘One of t{re few high climbers from the jungles

‘of Southeast Asia that have been brought into cultivation. Has glossy green
-leavés,and large racemes of flowers. At first opening each flower is golden yel-
low, but over a period of days a red color diffuses outwards from the petal
2 veins untll, the whole flower is a rich, deep,.orange-scarlet. At any one time, :
flowers of dlfferent colors may be seen in the same bunch. (See color plate. )

*Pronounced baw-hin-ee-ah Also known as orchid flowers and orchid trees. The double-
lobed leaves resemible a cloven hoof-prmt and the plants are sometimes called cow-hoof
‘camel-foot, .and similar names. Subfémily : Caesalpinioideae. *

tAlso known as Phanera corymbosa (Roxb.) Benth.

" tAlso knowp as Pi_zr_mera koc(uana Benth.

?
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Bauhinia tomentosa L. St. Thomas bush. A handsome shrub {(Sr small tree
(1.5-5m tall) worthy of more extensive cultivation. Native to Sri Lanka,
India, and South China. Bears yellow ar cream-colored drooping, bell-shaped
flowers up to 10 cm across. It is popular in Hawaii, commonly cultivated and

naturdhzed in the West Indies, and has been glown in southern Florida since
1880

i
!

B()lz{sarrthuLS"Speg'iosus, Rhodesian Wisteria Tree

One of the most beautiful of bluish-blossomed plants. the Rhodesian.wis-
teria tree* produces drooping clusters of mauve-purple’ flowers resembling
wisteiia. (See color plate.) Native to savannas of southern Africa (Swaziland,
northern Transvaal, and Rhodesia), it is a small tree (up to 6 m tall with trunk
diameter to 15 cf) with glossy, dark-green leaves and a wood so decay re-
sistant and so in demand for fence pd%ts that in many areas the tree has dis-
appea"rcd due to over"'cAuttxing When planted i deep, fertile soil the tree
redLhQS good' size in 4-5 years; it is recommended for test planting in smuall
yards or along highways in ll()pl(,dl and subtropical regions. Some specimens
are dlr},ddy well established in southern Florida. .

I();;(/mca)pus and Millettia are related genera whose species also have
deep-blue or purple flowers. They, too, are.-worth L\JIH]IHHU by horticultur-
ists searching. for allmulve umamcnlal lr()pual trees.

__Braownea Species

Browneat is a genus of 25 smal{%)ow growing trees and shrubs that are en-
demic to northern South Amerlud (cspumlly Venezuela and Colombia) and
the West Indies. All are magnificent in bloom and deserve more widespread
cultivation, h

Great, .globular, rhododendron-like flower heads grow from the branches
and branchlets and even from thie. trunks. They are red or pink, though one
white species is known. Even when not blooming they uare lmndsonu plants,
with slender trunks and long, spreading branches.

Another attractive fedture is the brilliant LOlOIlﬂQ of the new leaves. When
the leaves first develop they -are pink. purple.“or red, often spangled with
white. At first they dangle limply. but later they stiffen, stralohten and
change to the green of mature foliage. '

Some examples of Browncea species that make beautiful ornamentals for
tropical parks, gardens, or arbors are: :

*Bolusanthus speciosus (Bolus) Harmms, Subtamily: Papilionoideac.
FSubfamily: Cacsalpinioideac.

[
°
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Brownea grandiceps Jacq. Rose:of-Venezuela: rose-of-the-mountain. A
Venezuelan tree to 12'm tall, with spectacular flower heads (often 20 cm
across). tightly packed with many deep-pink or red blossoms. “The flowers
around the edge open first, then pthers, the flowering moving gradually to-
ward the center, tier above tier, uhtil at last the whole mass becomes a globe

_of living and glowing crimson.”* (See color plate.)

_ Brownea macraphylla Linden. A vmy tree (1t‘prefers to rest its branches.
on neighboring trees) of the dense Colombian forest known as the rouge-puff.
Fire-red flower heads made up of 30-50 flowers erupt from the trunk and
branches sometimes almost hiding the tree itself. (See color plate.) \,

i '

. Brownea capitella Jagq. Has orange-red flower heads, the largest produced
__uby this genus. One of the spectacles of the world-renowned botanic gardens

in Trlmdad At present, rarely cultlvated elsewhere '

. Butea monosperma, Flame-of-the-Forest
An ugl,, , crooked, medium-size. (5-15 m tall) tree, flame-of-the-forest}’ is

transformed by spectacular ﬂowe!rs each spring. Seen in the sunlight, the

* massed crown of blossoms suggests a forest in flames. (See color plate.) ,

A native of Sri Lanka, India, and Burma the tree has been spread eastward

as far as Papua New Guinea and China. | ° \

Leaves are shed during cold or dry eather, exposing tha twisted, mis-
shapen trunk and branches. Then, with returning warmth or moisture, there
: «begms a vernfilion riot of bl6om, great stlff clusters -of pea-like ﬂowers red
v shaded with orange, hanging from leaf axils and branch tips,.each individual
' blossom more th‘m [5 cm] long. Each petal is softly haify RS that it shines
and shimmers like, silver in the sunhg,htr and the color contrasts vwrdly with
the jet black or bottle green, velvety calyxes.”f . S

Hindus consider the flame-of-the-forest sacred to Brahma and use. its wood
in religious ceremonies and for sacred utensils. Followers of'the gods Stva and
-Vishnu mark their forehe‘hds with bng.bt yellow and deep oxange -red dyes ex-
tracted from the ﬂowers Scattered- ﬂrroughout Indra is a yellow f@wered
variety that has seldom beeﬁ \cultrvated § " :

)]

*Menninger, 1962 8 A ‘ ‘. L A
“ + Butea monosperma (Lam.) Taub. (Rurea frondosa Roxb.) Known in Indra as palas or
dhak: Subfamlly Paplhonoxdeae o . »‘f. . ‘
 fMenninger. 1962, .- - | Y

~ §Maheshwa#, . J. K. 1971. A*yellow-flowered varfe‘ty of the *“*flame of the forest "Indmn

- Forester 97(1):70-71. (More information can:be obtamed from J.K. Maheshwan, Na-

- tional Botafiic Gardens Lucknow~1 Uﬁar Pradesh India.) - . :
B e | T
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At the end-of the flowermg season, the leaves deVelop When young, they
care a beautlful pale bronze- tmged green. %

"g The flame-of- the-fotest is difficult to propagate and gIow. However it has

Been | successfully established in Israel, Nigeria, and Florida. It is propagated
by ‘seed and is slow growmg It survives in saline and badly drained soils on

wh}ch few trees will grow. Blrds are its chief pollmators Jt is tmportant fo N

.................................................................

India’s lac mdustry,
insect frequents the tree ahd punctures young twrgs, causrng the strcklac gum
to exude. Of all lac trees, ﬂame of-the-forest yields the most sticklac per
hectare.,

Three or four otl'Xer members of the genus Butea deserve testing as orna--
\mentals One is Butea'superba. Roxb. , a woody climber (with stems as thick as
4 man S leg) from India, Burma, and Thailand that has flowers fully as s.howy

PR

Camoensia ma.iéima

A 1ofty tlimber from ‘Angola, Zaire; an(i Equatonal Guinea, this robust

vine* produces some of the largest 1nd1v1duai flowers of any legume. Mrlky-
white or cream-colored and edged in gold, they are up to 28 c¢m long and .

“hang in great profusronfromth&ptant During-evening hours they are exceed-,

ingly fragrant making this a desirable plant for an arbor. (8ee coIor plate )

Cassia Species, ShowerTreeaK_

With about 600 species, Cassiat is the f th la gest legumlnohs genus, and
many of its species-are dlstrngurshed by their. delicate beauty Qnd floral brilli-

.. ance. Sometlmes known as shower trees, they have $triking, ftagrant flowers

that hang i in graceful sprays 30 cm or more long, They occur in various trans-
lucent colors in yellow, white, rose, ted, or purple, solid or mixed. Most have
-yellow blossoms—pale primrose.to rich gold—but a dozen or tnOre pink-
flowered species ate much sought after. §everal species are already cultivated-

~ but deserve: wider recognition, Others remaih an almost untapped resource of
- . beauty. 2 ’ :

The ornameut | Cassia species are small or medium-size decrduous trees
that come from all parts of the tropics. They are adaptable and grovd( well i ina
wide range of -elevations, soils, temperatures, and ramfalls (There are species,

for example that withstand temperatures from -5 16 50°C and 200-3 000 '

\

*Camoensza maxima Welw. ex Benth & Hook. Subfamrly vPamhonoxdeae "\.k..;’.‘ '

- tSubfamily: Caesalplmmdeae : o o .

LI S



Luxury timbers. Top: Afrormosia elata, Dalbergia frutescens, Dalbergia nigra. Bottom:
Intsia hijuga, Prerocarpus sovauxii, Prerocarpus dalbersioides. (1. S. Avensu)’




Clockwise (rom top: .fcacia bailevana, cacia driommondii
(Canberra Botanical Gardens). Barkfva syringifplia ¢A-N. Rodd),
Acacia pyenantha (Canberra Botanical Gardens).-
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(NaronU Chomm.halmx ).




Clockwise 1rom top U Rauhona kocinigue (Parks ang

; ‘ S creahion Depariment. Singaperer, o street ol Baulunia
atal, South Atvica oS, |‘I|p\\on). Clianthuy {u‘r'nm\(u iRobm Smithy, Brownea ¢randiceps (K B Sandved). Badd
Makeana (N D Vietnleyen), Brownea ")ulz‘l‘«,l/)/l\‘/}"{ (CUChitn), Claanthos proncaws (Robin Siith), Bolusanthes specioss
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Clockwisd trom top: Camocnsid maxima (k. B, Sandved). Cassia spectabilis ¢F S Avensu), Erviliring

poeppigtana (Compania Shell de Veneruelad, Frvihring mildbraedii (- S Avensu), Mucuna novo-

Luineensis (Parks and Recreation Department, Singapore), Schotia brachypetala P, van Wyk), Colvil-
©learacenmosa (S Fliovson). o

.
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. o 4 .
mm of annual rainfall.) Propagated by seed. most grow rapidly. ghey bluom

in the hot season and for best growth require sunny sites.
In some /spec1es the pods that hang Lonsplcuously from the branches’,
enclose” a prlp\contammg purgative glucosides used as a laxative. Two low,
shrubby g«peﬂaes produce sgntia leaves and senna pods that have long been
important, commercial drugs. The bark of Cussiz trees often contains much
tannin, used by the tanning industry. Some of the species are useful for
firewood plantations.
~ Cassia_fistula (the golden shower, or Indian laburnum). Cussia grandis
(pink shower or horse cassia), Cassia javanica (apple-blossom shower), and
Cassia nodosa (pink-and-white-shower) are now well known thraughout the
tropics, but some lesser-known species with equal or gréater beauty are:

Cussia renigera Benth. A small tree of northern Burma. grown in gardens
m the Malay Peninsula. Similar to Cassiz nodosa, bul the 1()wcrs are more
shoWy and a richer pink.

Cassfa agnes'(DéWit) Brenan.* A pink-blossomed species native to Indo-
china.

Cassia spectabilis DC. A fast-growing tree (to 20 nr). Native to central angd
northern South America. Flowers all year, producing masses of bright-yellow
blossoms in giant congested bunches 15-60+*cm long. (See color plate.) With
its spreading crown, it makes a useful shade tree.

Cassia hybrids. Crossbleedmg Cassia species. prodme'sﬁstenle hy brlds with
flowers sometimes more handsome than those of the parenls Multicolored,
they are known as rainbow showers. The Cassia flsm/a x Cassia nodosa hybrid
is already commercially available.in Hawaii. Further crossbreeding is a promis-
ing research area for horticulturists.

The species listed above are for humid tropical regions. but Cama species
are also among the most attractive shrubs of dry regions of Central Australia.
-Ornamentals popular around Outback homesteads and worthy of testing in
‘the dry tropics elsew/here include: '

Cassia sturtii (seei page 124).

Cassia nemophilin A. Cunn. ex Vogel (also known as Cassia eremophila A.
Cunn. ex R. Br:) Desert cassia. A small quick-growing, ground-hugging bush,
annually bespangled with brilliant yellow blossoms. Very widely distributed
in the arid, semiarid, and subhumid regions of inland Australia. Livestock

relish the foliage. A weed in some farmlands, it has become a nuisance.
. n} . y

*Often misnamed Cassia javanica.

P



256 : MISCELLANFOUS

" Cassia artemisioides Gaud, ex D€, Silver cassia. Seldom more than 1.5 m
tall, this bush has silver-gray leaves and golden-yellow flowers. It thrives
where rainfall is as low as 200 mm annually and tolerates extended droughis.

Clianrhus Species

The genus Clianthus contains four species, two of which, Cliantines for-
mosus and Clianthus puniceus, are striking ornamentals. (See color plate.)

Clianthus formosus (G. Don.) Ford. & Vickery * Sturt’s desert pea or
glory pea, has foliage coated with silky, silvery hairs and bright- deIIL[ flowers
with glossy black centers.t A low, sprawling, Tast- -growing evergrucn shrub,
the plant occurs wild in poor. sandy soils over a wide area of arid and
semiarid Central Australia, including some of the fiercest environments in the
world. Yet after a rain its large (up to 8 cm long) flowers light up the barren-
ness with a spectacular display. This is an ornamental worth testing in sub-

tropical and arid zones elsewhere.t [t is hardy and withstands 1 1°C frost. Seeds
germinate freely (after scarification) but the plant is difficult to cultivate. It
will nat tolerate any disturbance to its roots and thus cannot be transplanted.
nor does it endure waterlogging; it must always be grown in sand or other
cm”nplelely‘-‘dra‘ining soil. However, for half a century-in England it has been
standard practice to graft itronto Colutea arborescens 1o ptrmﬁalc 4 most
attractive basket plant-that lasts for several years. To horticulturists Clianthus
Jormosus presents a challenge well worth the effort.

By contrast, Clianthus puniceus Banks & Soland. the red parrotsbeak or
kakabeak, is cultivated in a range of soils. It is an established orfamental and

~is native to temperate and subtropical areas of New Zealand. It is a fast-

growing, shrub (1-4 m tall), with attractive light-green foliage and flamboyant
flowers that hang clustered beneath the branches. The flowers, up to 9 cm
long, are cdrdinal-red, rose-pink, or white. They look like the wide- -open beaks
of a bird. Considered New Zealand's most attrattive shruby the kakabeak is
fairly widely grown in European greenhouses and in C aliforfia and the south-
e Uffited Stdles It is almost unknown in the wild state and is classified as
an endangered spemes PR s

Colvillea racemosa . " .

w

A tree for parl\s and wide r()ddeyS this little-known, showy ,ﬂowered

tropical tree§ is a worthy rival of its famous close relative, the rqydl pnmudnd

*I'ormerly known as Clianthus damm(’rz A. Cunn. Subtamﬂy Pdpl_l.l(‘)nold(.dt

+Color forms exist with flowers from almost pure white to pale pink, red and even pur-
ple, many without the black center.

I Recently introduced in.Israel; the plant is performing well unirrigated at Beer-Sheva

(200 mm rainfall). Information supplied by M. I-orti. See Research Contacts.
§Colvillea racemosa Boj ex Hook. Known as (‘,‘olville‘s glory. Subfamily: Caesalpinioideae.

E]
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or flamboyant tree (Delonix regia). Both are natives of Madagascar. and with
their half-drooping shape and feathery leaves they look alike when nof in
bloom. But when the red-and-white blossoms of the ﬂamboyant have faded.
and gone, Colvillea racemésa bursts forth in clusters of pumt orange flowers
" that festoon the branches—often.a dozen bunches to a limb, The Lyliﬁdrical
racemes can be 20 cm long and look like hanging bg;naches of omnge colored
grapes. (See color plate.) When ‘spent, the blossoms fzﬂl spreadmg an ordnge
carpet beneath the tree. - : -
This fairly slow-growing tree is cultivated like the flamboyant. It has !beul
cultivated in Hawaii since 1918 and there are a nugnber of mature specimens
scattered around southern Florida. Elsewhere, it is not common outside of
botanic gardens and fanciers’ collections. .

;,E%rhm -Speeies; Coral Trees

Though cemmon’in thertro_pics, Erythrina specie$,* widely known as coral
trees; still have much untapped potential as ornamentals. Over 100 species are
known, native to North and South America, Australia, Africa, and Asia.
Among the most brilliantly flowered of trees, the majority have blood-red or
red-and-yellow flowers borne in clusters at the branchtips.

"~ Most coral trees are. thomy thauglr practically thomless types are also
known. They are among the easiest of plants to grow; seeds germinate well
and the young plants grow vigorously. Sections of stem—even large ones-
take root readily and become living, colorful, and long-lasting fence posts.

In some parts of the tropics Erythrina species are used to shade plantation
crops, especially vines like pepper, betel, and grape that use the tree trunks as
support. Erythrina edulis has large, soft, succulent seeds that are cooked and
eaten in South America, though the raw seeds of many other species are poi-
sonous. Three species in Central America have edible leaves that are added to,
stews and other cooked dishes.

Within the genus there are unlimited p0351b111tles for hybridization, which
may well yield vigorous crosses with exceptional characteristics.

Many brwhrma species make worthy ornamentals, though they shed their
Idaves and may b‘e bare for long ppnods A few’ outstandmg examples are:

' "Q

Erythrma coralloides A. DC. One of the show1est of flowering trees, it is
known as the naked coral tree be(,ause it blooms brilliant red for 2 months
before leaves appear. The blossoms stand upright on the” branch tips hkef_
scarlet candles. The tree easily adapts 0. most not-too-wet soils in Southern

Cahfornﬂa and-stmilar climates.

*Subtamily : fPapilionoideae.

. 1
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Erythrina caffra. Thunberg. A commanding sight at any season, its fresh
green crown provides an umbrella of shade for 9 months. Then. over the
winter and early spring months the leafless tree becomes a canopy of orange-
red blassoms. A native of southern Affica. it is now also the official tree of
the City of Los Angeles, Culifornia.

Erythrina humeana Spreng. Spectacular vermilion-tflowered shrub from
southern Africa (South Africa, Swaziland, Mozambique. and Rhodesia).

» - ' A

Erythrina mildbraedii (Erythrina senegalensis DC). Senegal coral tree. Na-
tive to.savannas of West Africa, this easy-to-cultivate. quick-growing, large
shrub deserves more w1despru4d use. It flowers profusely (often twice a yedl)
and is a handsome sight, its bare branches covered in red flowers. (See mlor
plate.) i

Erythrina speciosa Andrews. This small (3-4 m tall) Brazilian tree p:m_
duces racemes of flowers, like «crimson candelabra glowing in the sunlight.
Each year these spectacular blossoms enshroud the trees betore the leaves
form. The plants are easy to pmpabule' branches stuck 1n the ground take
root and grow vigorously. ThL species Has long been cultivated in Portugal
and Madeira. ¢

Erythrina poeppigiana (Walpers) O. F.\Cook.\Mmmlui'r‘l immortelle’, anauca.
Native of Andean foothills in Peru and widely grown in highlands of South
America and West Indies, as well as in Africa and Malaysia. whete 1t was intro-
duced as shade for coffee and cacao. Reaches 22 m in height. Has dd//lmb
orange flowers. (See color plate.) .

Eryrhrina verna Vell. (Erythrina mulungu Mart.). Mulungu. Deep-red flow-
ers. Trunk sarrounded by light-yellow cork that is soft, flexible, and appears
to have considerable commercial potentlal Natwe of cerrado regions of
South America, where poor soils and extended dry seasons are' fatal to most
‘plants.

W

Lysidice rhodostegia

A medium-size tree from the Canton area, Lysidice rhiodostegia® is one of
southern China’s nmiost conspicuous flowering trees. The fragrant flowers form
spreading clusters that cover’the‘trectop The petals are violet and the pro-
truding stamens pure white; at thé W‘ME(HO\VBT are whorls of red and

pink leaf-life calyxes and Mfg Lhzfremafn ﬁ;);\%:f@el\s after the blossbms have
faded Y Ly

%

A . w
-
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*Lysidice riiodostegia Hance. Subl‘;;,(nily: Caesalpinioideae.
4 .
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Propagatéd from seed, this is still a rare plant outside China. It grows best

in "hupid -tropical and subtropical lowlands and has been successtully intro-

- duced into Hiwaii, Cuba, southern Florida, and Trinidad.
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_ Maniltoa Species

. These rare shrubs and trees* are highly recommended for trials as decora- 5'
tive or shade trees. Native to New Guinea, the plants have been cultivated at :
the Botanic Gardens in Bogor, Indonesia, and Papua New Guinea, but appar-
ently nowhere else.

Maniltoa flowers come clusterod in pmk or white bulb-shaped heads some-

'what like those of Br()wnea species (see page 244) and about 1Q.¢m in diam-

" eter. The young leaves are, aiso attractive; they first appear as a pink tTush of
drooping leaflets that arlse from cone- -shaped buds.

' P AT RO i e
" Moldenhauera floribunda >
A relafive~ol the well-known flamboyant tree (Delonix regia), Molden-
hauera floribundat is one of Brazil's noblest ornamentals. It is native (o
forests near Rio de Janeiro and Sao Paulo. During summer months the tree is
covered with yellow flowers in dense clusters near the branch tips. Although
unknown outside Brazil, this fairly fast-growing tree is recommended for
trials in parks and gardens throughout the subtropics and tropics.

[

" Mucuna Species

When in bloom, the woody climbing vines of the genushMucwza are one of
the most dramatic sights among all the world’s plants. Some bear brilliantly
colored. flowers in long pendant trusses or in glowing orbs as large as a man’s
hpa - owever they have been largely neglected by horticulturists.

o mﬁ’s the most spectacular of these sgemes are:
=

Mucuna novoguineensis. A native of New Guinea, which climbs high into
the rainforest canopy. Its crimson or orange-scarlet flower clusters can be 60

*Maniltoa schefferz K. Schum, Maniltoa gemmzpara Scheff., and other Maniltoa specics.
Subfammily: Caesalpmloldeae

TMola’erzhauera floribunda Schard. Subfamlly Caesalpinioideae.

tMucuna novoguineensis Schaeff. (Often wrongly called Mucuna bennettii F. Muell)
Subfamily: Papilionoideae,
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em long, bearing 40 or SC flowers along the entire length They make an

unforgettable g,lgﬁt as they drape the forest with color * (See color plate )

Mucuna brachycarpa“Rech . n*z’f"lhf/—g‘of Bougmr@i’ll@ ha@ S&ﬁnted ﬁlen- [
yellow flower clusters up to 30 cm long. At present it is cultivated only in
Papua New Gurinea; cultivation should be attempted in other parts of the
lowland tropics.

Mucuna rostrata Benth. Nativéto Trinidad, Panama, and northern South
America, it has spectacular clusters of yellow flowers.

Pe_ltophorun: Species
¢

Closely related to the flamboyant tree, these vigorous umbrella-shaped
treest are among the best choices for producing shade quickly. In addition,
they erupt into delightfully fragrant yellow flowers that stand erect in great
sprays all over the top. of the tree. When fully opened, the flowers have
crinkled golden petals and oranée-tipped stamens. The display is heightengd
by the dense green foliage behind it. The examples mentioned below both - -
require well-drained, rather dry soils. Both are recommended for widespread
use as shade and ornamental trees. (See color plate.)

Peltophorum africanum Sond., African wattle, builbos or huilboom. A -
deciduous, thornless tree, widely dispersed.threughoutdry bush country in
Angola, South Africa, Botswana, Rhodesia, Mozambique, andEZambxa, it

" grows to 15 m tall and has silvery-gtay, acacia-like foliage. When in flower this
is one of the most striking of Central African trees. For several spring and
early-summer montlis, it splashes yellow throughout the countryside. The
pods are much favored by cattle. The tough heartwood. is used for axe
handles-and other small objects. A good shade tree, this is said to be aperfect
avenue (ree. It is somewhal frost tolerant. Seeds germinate readﬁy and the
trees grow quite fast (about 1.3 m annually for the first 4 yearsf). _

Peltophorum pterocarpum(DC.) K. Heyne, Copperpod, yellow flame or
yellow poinciana. A straight-trunked, dense-crowned tree sometimes reach-
ing 50 m. Native to Southeast Asia (from- Indochina and the Philippines
to the northern tip of Australia). Comrﬂonly grown in’ tropical Africa, Hawaii,

*More information on this and other Mucuna vinesis given in Herklots, 1976, and Men-
ninger, 1970. ‘-

TSubfamily: Caesalpuuoxdeqe

1P. van Wyk..1972. Trees of the Kruger NatzonalPark Purneli anH Sons (Pty) Ltd.. Cape
Town, South Afrlca

e,
o
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southern Florida, Central America, and Some islands of the West Indies. Good
shade, windbreak, or avenue tree with its quick growth and spreading crown.
Each year for several weeks in summer the crown is transformed to golden
yellow; a few weeks later it has purple-brown pods projecting out all over the
tree, making it coloxful in a different way. However, it is totally or nearly

leafless all winter. Uséd¥o shade coffee and cacao plantations. Resistant to
" wind damage and not attacked by boring beetles. Cattle will eat the leaves.
The wood is good for both furniture and fuel. Reportedly, this tree is useful
for lccldlmmg waslelands covered with Imperata cylindrica.

§

Pithecellobium grandiflorum . Lace F lowér Tree

A native of warmer parts of Australia’s east coast (Queensland and north-
erh New South Wales), this evergreen tree* can reach 15 m tall. Even while a
small shrub, it produces its masses of flower clusters (up to 8 cm wide) at
every branch tip. The powderpuff blossoms, scented like honeysuckle, have
crimson stamens projecting beyond the pale yellow petals.

The light, soft wood is beautifully patterned and polishes wéll. It is sold
under the names marble wood or tortoise. shell-tulip wood and is used”for
indoor paneling or decorative trays and boxes. '

Subinea carinalis -

Dominica’s finest flowering tree is the shyubby or middle-sized Sabinea
~ carinalis,t which produces such a carnival of red blossoms in the spring that
it is now popularas an ornamental throughout the entire West Indies.

‘The plant’s feathery leaves are shed in winter and it is before they are

replaced that the copious clusters of scarlét, butterfly -shaped blossoms appear :
in bunches along the branches. <

Saraca indica, Asoka

" Both Hindus and Buddhists revere this small Indian tree. § To Hindus the
;asoka is a symbol of love and is used in celebratlons dedicated to the god of

*Pithecellobium grandiflorum Benth. The lace flower tree. Subfamily: Munosmdeae.
tSabinea’carinalis Briseb. Subfamily: Papilionocideae.
$Menninger. 1962. See Selected Readings. -

§Saraca indica L. Known as asoka (Sanskrit), askok, or ‘ashok (Hindi), sok (Thailand),
soko (Indonesia), or sorrowless tree. Subfamily: Caesalpinioideae.
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”'A‘f‘)v‘é‘ To Buddhists the tree is sacred because Gautama Buddha himsel is
pb’eheved to have been born beneath its-shade. Consequently, the flowers are,
" muich used for temiple decoration. They are especially appealmg at night,
ey exude a dehcate scent.

owers spring in’ great profusion directly frem the trunk, branches,

Fmigs in small, compact clusters. Initially yellow they deepen through

ordnge to red. (See color plate.) ’

The leaves, like those of Amherstia and Brownea (see above), first hang in -
limp, grayish-pink or purplish-red tassels, but soon stiffen and turn green. The
pods are purple.

Common in gardens all over India, particularly near temples, the asoka

. thrives best in sheltered, shady sites, gspecially near water, in wet or mon-
soonal lowlands (below 500 m). , e

There are some 20 other species in the genus Sardca. Throughout r_he year
they are spectacular and have been called * ‘glittering ornaments of the moist
forests of Asia,” but are little known elsewhere. Frequently, especially after
short spells of dry- weather, new, brightly. colored leaves emerge in limp,
dangling tassels (“‘angel’s handkerchiefs™) that paint the tree pink or purple
for several days before stiffening and tumning green. At other seasons (often
twice a year) the brilliantly colored bunches of fragrant Howers change the
trees to red or yellow. In turn, they glve wdy to large, colored (often purple),
pods. Three splendid examiples are:

i

Saraca thaipingensis Chnﬂey. Yellow saraca. A native of Tajbmg, Malaysia,
this small (6 m tall) tree produces‘a profusion of flowers that open yellow,
change to apricot-yellow and, finally, to deep yellow with a blood-red eye.

- Saraca declinata Miq. The red saraca of Malaysia, Thailand, and Indonesia.
A beautiful sight with its huge heads of flowers that change from yellow to
_ brick red. The pods are bright red. ' :

Saraca palembanica (Miq.) Baker. Pink saraca, a native of Indonesia now
found also in Malaysia. The light-yellow flowers darken to orange, then—at
least in some types—to deep red.

Schotia brachypetala, Fuchsia Tree

Essentially a bushveld plant, the shapely and beautiful fuchsia tree* is -
native to Rhodesia, Mozambique, South Africa, Swaziland, Botswana, and
South West Africa. Although a populdr ornamental in this region and in the
French and Italian Rivieras, it is little known elsewhere. A small tree (height

*Schotia brachypetala Sond. Also known as hullboerboon boerboon Subfamlly
Caesalpinioideae.
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to 12m, tunk to 18cm diameter) with a spreading crown and drooping
branch tips, the fuchsia tree in bloom is a memarable sight. Just before
flowering, most of its leaves fall; then dense clusters of deep-red tubular
flowers appear. With their long, protruding red stamens, they resemble fuch-
sia flowers. (See color plate.) Nectar showers down when a branch is shaken.
The new foliage also has great beauty. As the leaf buds form and open the
tree takes-on shades of rose, ruby-red, and copper, gradually ending up a
fresh, light-green color. The seeds are much infested by insects. but those
that escape germinate readily. This plant usually grows slowly, but transplants
easily. It is frost sensitive. "

*Sophora Species, Kowhais

New Zealand’s most popular small tree—and its unofficial national flower—
the kowhai, Sophora microphylla Ait.* is widely planted in parks and gar-
dens. In the spring, usually before the leaves are formed, the tree blooms in
profusion; sulfur-yellow blossoms hang in clusters, turning the tree to a mass
of gold. (See color plate.) ‘

Reaching to 10 m tall or more, this graceful, often weeping tree is found
all over New-Zealand (as well as in Chile) and deserves 10 be better known in
warm temperate and subtropical areas elsewhere.

Some near-relatives also make fine ornamental trees. All produce trumpet-
like flowers varying from pale yellow to deep gold. Sophora tetraptera J.
Miller, also called kowhai, grows in eastern sections of New Zealand’s North |
Island,{ i - ' )

Related NQj'th American species with'promise as ornamentals for arid
regions are Sophora secundiflora (Ort.) DC. and Sophora gypsophila Tumer &
Powell. Both have attractive foliage and bear masses of fragrant purple flow-
ers. Sophora secundiflora, fgl_}_e ‘_mescal bean, is already widely used as an
ornarhental in the arid sputh\&% o the United States.

Strongylodon macrobotrys, Jade Vine

Commonly called the jade vine, this vigorous perennial climberi with its
thick, twisted, rope-like stems is native to the Philippines and is found spread-
ing over the canopy of high trees in damp ravines and forests. Its flowers-age

*Subfamﬂy: Papilionoideae.
tGodley, E.J. 1975. Kowhais. New Zealand Native Heritage 5(65):1804-1806. Copies
available from author, see Research Contacts.

tStrongylodon macrobotrys A. Gray. Subfamily: Papilionoideae. This section is mainly
based on Steiner, M.J. 1959. The Philippine jadevine. National Horticultural Magazine
(Philippines) 38:42-45.
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large (6-8 cm lorg) and crescent shaped and occur in long pendant trusses.” -
Up to | m long, these clusters are sometimes packe#t withr almost 100 flowers.
Their color is most unusual: a luminous, jade-like, bluish-green. Flowering
oft&n continues year-round in the Philippiness Each inflorescence stays in
flower 3-4 weeks. The falling blossoms produce thick aqua-blue carpets on
the ground. (See color plate.) " -

The leaves are reddish when young and dark green and glossy when
mature. Pods are about the size of a child’s head. The plant is best propagated
by seed, though the seed does not remain vmble for long. Flowers are not
produeed until 3 years after planting. .. = 7 . 2p 2

Although formerly this plant could be admired only in the Philippines, in
recent years it has been cultivated in botanic gardens in Papua New Guinea,
Indonesia, Singapore, and even in a greenhouse at Kew Gardens in England.

The Philippine jade vine is only one of 20 Strongylodon species that are

Yo,

. found from Madagascar to Northern Australia and the Philippines (which

boasts 10 species). The others are even less well known, and yet they also
appear to be promising ornamentals. Strongylodon lucidus has coral-red
flowers and occurs from Hawaii to Ceylon; Strongylodon caeruleus, with
bluish-purple flowers, is being grown at the College of Forestry Nursery, Los
Baflos, Philippines.

e
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 Research Contacts®

Many of the species in this chapter have been introduced to botanic gardens and
nurseries throughout the tropics; readers wishing to obtain seed should first check lgcal-
fy. If this is unsuccesstul, botlaniv gardens and commercial nurseries in the species’
country of origin may be able to help. Addresses can usually be obtained through the

appropriate embassy or consulate. Some institutions.and research scientists with knowl- ,

edge of the plants are listed below.

Acacia Species

Many commercial seed suppliers in Australia’s mainland states can supply germ plasm for
these, also specialty scedsmen in California. '

D. B. Amatya, Forest Research Officer, Forest Survey and Research Office, Department
of T'orestry, Babar Mahal, Kathmandu, Nepal

Botanic Gardens, George St., Brisbane, Queensland, Australia (H. Caulfield, Curator)

Canberra Botanic Gardens, City Parks Administration, P.O. Box 158, Canberra City,
A.C.T. 2601, Australia (John Wrigley, Curator)

John C. Doran, Secds Section, Division of Forest Research, CSIRO, P.O. Box 4008,
Canberra, A.C.T. 2600, Australia . '

Harold L. Lyon Arboretum, University of Hawaii at Manoa, 3860 Manoa Road, Hono-
lulu, Hawaii 96822, USA (A. podalyriifolia)

P, K. Karani, Chief Research Officer, Ministry of Agriculture and Vorestry, Forest
Department, P.O. Box 31, Entebbe, Uganda

Hua Seng Lee, Silviculturist, Forest Department Headquarters, Badruddin Road, Ku-
ching, Sarawak, Malaysia

Longwood Gardens, Kennett Square, Pennsylvama 19348, USA

Los Angeles State and County Arbore{um Arcadm California 91006, USA (A.
podalyriifolia) o

A. W. Owadally, Conservator of I'orests, Mlmstry of Agriculture, and Natural Resources,
and the Environment, FForestry Service, Curepipe, Mauritius

Afgekia sericea SR -

Botanical Gardens, Parks and Recreation Department, Cluny Road, Singapdre 10, Singa-
pore

C. Chermserivathana, Botanical Seutlon Depdrtment of Agrlculture Bang Khen Bang-
kok 9, Thailand

Narong Chomchdlow, Applied Scientific Research  Corporation of Thailand, 196
Pahalyothin Road, Bang Khen, Bangkok 9, Thailand

Swat Nicharat, Chief, Botany Section, Silvicultural Division, Royal Forest Department,
Bangkok 9, Thailand

-
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Amherstia nobilis

Botanic Gardens, Lae, Papua New Guinea
\Herbzlri'um Bradeanum, Caixa Postal 15.005-2C-06, 20.000 Rio de Janciro. RJ, Brazil
(G. F. J. Pabst, Director)
Indian Botanic Gardens, Botanical Survey of India, P.O. Botanic Gardens, Ho“.ra.h W.
. Bengal India
S ACHL M. Jayasuriba, Research Officer, National Hurbhlrlum Peradeniya, Srl Lanka
V. L. Saplala, Green and Grow, Inc., Pansol, Calamba; Laguna, Philippines
H. Valmayor, Department. of Horticulture, College of Agriculture, University ot the
Philippines at Los Bafos, College; Lagins, Phelippines

%, Barklye syringifolia

' Botanic Gardens, George St., Brisbuane, Queensland, Australia (H. Caulfield, Curator)

% S. L. Everist, 13 Sunsct Avenue, Bongaree, Bribie Island 4507, Queensiand, Australia
Hociety for Growing Australian Plants, P.O. Box 809, I'orutude Valley, Queensland

£y

-4, 4006, Australia (Lorna Murray, Secretary)

.
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Y
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Bauhmta Species

D. B. Amatya, Forest Research Officer, Forest Survey and Research Oftlce Department

of Forestry, Babar Mahal, Kathmandu, Nepal - ¥
Botanical Gardens, Parks and Recreation Department, Cluny Road, Singapore 10, Singa-
pore R

Director of Agriculture and Fisheries, Canton Road Government Offices, 393 Cantan
Road, 12th rloor Kowloon, Hong Kong (B. blakeanay

Harold L. Lyon Arboretum University of Hawaii at Mdnoa, 3860 Manoa Road Hono-
lulu, Hawaii 96822, USA ‘

Herbarlo Alberto Castellanos Departamento de Conservacao Ambiental- FEEMA, C.P.
23011 ZC-08, 20.000 Rio de Janerio, RJ, Brazil

A H. Mz Jayasurlya Research Officer, National Herbarium, Peradeniya, Sri Lanka

Hua Seng Lee, Silviculturist, Forest Department Heddquarters Badruddm Road, Ku-
ching, Sarawak. Malaysia

Mayaguez Institute of Tropical Agriculture, P.O. Box 70 Mayaguez, Puerto Rico 00708

A. W. Owadally, Conservator of Forests, Ministry of Agriculture, Natural Resources, and
the Environment, Forestry Serv1ce Curepipe, Mauritius

V. L. Saplala Green and Grow, Inc., Pansol, Calamba, Laguna, Philippines

United States Dephrtment Agrluulture Subtropical Horticulture Resecarch Unit,
13601 Old Cutler Road, Fiami, Florida 33158, USA (P. Soderholm)

Bolusanthus speciosus

Longwood Gardens, Kennett Square, Pennsylvania 19348, USA

Ministry of Agriculture, Department of Research and Specialist Services, Branch of
Botany, Herbarium and Botanic (Jardens P.O. Box 8100, Cau%way, Salisbury,
Zimbabwe-Rhodesia

National Botanic Gardens of South Afnca Klrstenbosch Botanic Garden, Private Bag
X7, Claremont 7735, South Africa '

¥
{

Brownea Species‘
- B. grandiceps |

Assistant Consetvator of Forests (Silvicultpre and Research), Forest Department, P.O.
Box 1017, Kingston, Georgetown, Guyana
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Fairchild Tropical Garden, 10901 Old Cutler Road, Miami, Florida 33156, USA

Harold L. Lyon Arboretum, University of Hawaii at Mgnoa, 3860 Manoa Road. Hono-
lulu, Hawaii 96822, USA

A H. M. Jayasuriya, Research Ofticer, National Herbarium, Pemdnnna Sn Lanka

W‘Mayaguel‘ Institute of Tropical Agriculture, P.O. Box 70, Mdyaguez Puerto Rico 00708

A. W. Owadally, Conservator of FForests, Ministry ot Agriculture, and Natural Resources,
and the Environment, Forestry Service, C urepipe. Mauritius

P. Byrne, Assistant Secrétary -~ Hortieulture, Department of anurv lnduslr) P.(). Box
2417, Konedobu, Papua New (_,umu

Andree Millar, Director, National Capital Botanic Gardens, 4677 University P.O.. Port
Moresby, Papua New Guinea

B. macrophylla T

Fairchild Tropical Garden, 16901 Old Cutler Road. Miamii, Florida 33156, USA

Instituto de Ciencias Naturales de la Universidad Nacional. Apartado Aerco 7495,
Bogota, Colombia ‘

A. H. M. Jayasuriya, Rescarch Officer, National Herbariume, Peradeniva. Sri Lanka

Longwood Gardens, Kennett Square, Pennsylvania 19348, USA

B. capitella

Forestry Dlhmon Long Circular Road, St. James, Port-of-Spain, Trinidad, West Indies
(S. Faizool, Assistant Conservator of Porests)

Butea monosperma.

" D. B. Amatya, Forest Rescarch Officer, Forest Survey and Research Office. Departnient
of Fotestry, Babar Mahal, Kathmandu, Nepal )

Department of Botany, University of Caloutta, 35, Ballygunge Circular Road, Cal-
cutta—700 019! India

Indian Botanic Gardens, Botanlcal Survey of Indla P.O. Botanic Gardens, Howrah, W.
Bengal, India

National Botanic Gardens, Rana Pratap Marg, Lucknow, India

A. W. Owadally, Conservator of IForests, Ministry ot Agricultufe, and Natural Resources,
and the Envisonment, Forestry Service, Curepipe, Mauritius

United States Department of Agriculture, Subtropical Horticulture Research Unit,
13601 Old Cutler Road, Miami, Florida 33158, USA (P. Soderholm)

Camoensia maxima,

Botanical Gardens, Parks and Recreation Department, Cluny Road, Singapore 10, Singa-
pore

QForestry Division, Long Circular Road St. Jumes Port-of-Spain, Trlmddd West Indies (S.
Faizool, Assistant Conservator of 'orests)

Hope Botanic Gardens, Kingston 6, Jamaica

A. H. M. Jayasuriya, Research Officer, National Herbarium, Peradeniya, Sn Lanka

Longwood Gardens, Kennett Square, Pennsylvania 19348, USA

Royal Botanic Gardens, Kew, Richmond, Surrey' TW9 3 AL, England

i

Cassia Species _ .
| 3
The following contacts are knowledgeable about various ornamental Cassia species.
Agricultural Experiment Station Botanical Garden, Rio Piedras, Puerto Rico 00928
D. B. Amatya, I'orest Research Officer, Forest Survey and Research Offlice, Department
of Forestry, Babar Mahal, Kathmandu, Nepal
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Assistant Conservator of Forests, Silviculture and Research, Forest Department, P.O.
Box 1017, Kingston, Georgetown, Guyana

P. Byrne, Assistant Secretary ~Horticulture, Department ol Primary Industry, P.O. Box
2417, Konedobu, Papua New Guinea

Charleville Pastoral Laboratory, Charleville 4470, Queensland, Australia (C. xturtu C.
nemophila, and C. artemisoides)

Department of Botany, University of Calcutta, 35, Ballygunge Circular Road, Calcutta
700 019, India

Desert Botanical Garden, P.O. Box 5415, Phoenix, Arlzona 85010, USA (C arremisoides,
C. nemophilia, and C. sturtii)

Herbario Alberto Castellanos, Departamento de Conservacio Ambiental- FEEMA, C.P.
23011 Z2C-08, 20.000 Rio de Janeiro, RJ, Brazil

Herbarium of the Northern Territory, Animal Industry and Agriculture Branch, Depart-
ment of the Northern Territory, Alice Springs, N.T. 5750, Australia (C sturtii, C
nemophilia, and C. artemisoides)

1.B.D.F. Jardim Botanico do Rio de Janeiro, Rua Jardim Botanico 1008, 20.000 Rio de
Janeiro, ZC-20, GB, Brazil

Indian Botanic (_,a.rdens Botanical Survey of India, P.O. Botanic Gardens, Howrah W.
Bengal, India

A. H. M. Jayasuriya, Research Ofﬂcer, National Herbarium, Peradeniya, Sr1 Lanka

Hua Seng Lee, Silviculturist, Forest Department Headquarters, Badruddin Road. Ku-
ching, Sarawak, Malaysia

Las Angeles State and County Arboretum, Arcadia, California 91006, USA

Andree Millar, Director, National Capital Botanic Gardens, 4677 University P.Q., Port
Moresby; Papua New Guinea

Ministry of Agriculture, Department of Research and Specialist Services, Branch of
Botany, Herbarium and Botanic Garden, P.O. Box 8100, Causeway, Salnbury,
Zimbabwe-Rhodesia

A. W. Owadally, Conservator of Forests, Ministry of Agriculture, and Natural Resources,
and the Environment, Forestry Service, Curepipe, Mauritius )

Ray A. Perry, Chief, Division of Land Resources Management, CSIRQ, Private Bag, P.O.
Wembley, W.A. 6014; Australia ‘

Carlos M. Garcia, Head, Forest Planning Office, Department of Natural Resources, Box
5887, Puerto de Tierra, Puerto Rico 00906

V. L. Sapla]a Green and Grow, Inc., Pansol, Calambg, Laguna, l’hﬂlppmes

K. Vivekanandan, Office of the Conservator of foiests P.O. Box 509, Colombo 2, Sn
Lanka

Clianthus Species

: ’ &
Many commercial nurseries in Australia and New Zealand sell seed of Sturt’s desert pea
and kakabeak, respectively. Listed below are botanists and horticulturists aLtyvely en-
gaged in research on these species.

Sturt’s Desert Pea

Arthur B. Court, Registrar of Australian Cultlvars Canberra Botamc Gardens, P.O. Box
158, Canberra City, A.C.T. 2601, Australia

M. Forti, Research and Development Authority, Ben-Gunon University of the Negev,
P.O. Box 1025, Beer-Sheva, Israel

Longwood Gardens, Kennett Square, Pennsylvania 19348, USA

T. R. N. Lothian, Director, Botanic Garden, North Terrace, Adelaide, South Australia
5000, Australia

West Australian Wildflower Society (Inc.), P. O Box 64, Nedlands Westean Austraha
6009, Australia L8

John anley, Curator, Canberra Botamc Gardens, P.O. Box 158 Canberra Clty A.C.T.
2601, Australia
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New Zealand Kakabeak

L. J. Godley, Director. Botany Division, Department of Screntlfu. and Industrial Re-
search, Private Bag, Christchurch, New Zealand "

Otari Native Plant Muscum, Welllngton City Corporation, Parks Department, P.O. Box
2199, Wellington, New Zealand * ~

Colvillea racemosu

Fairchild Tropical Garden, 10901 Old Cutler Road, Miami, FFlorida, 33156, USA

Lorestry Division, Long Circular Road, St. James Port-of-Spain, Trinidad, West Indiese

A. W. Owadally, Conservator of Forests, Ministry of Agriculture, ind Natural Resources,
and the Environment, IForestry Service, Curepipe, Mauritjus

Ervihrina

The following contacts have experience with growing various ornamental Ervthrinag

species.

Assistant Conservator of Ioreﬂts (Silviculture and Research), Forest Department, P.O.
Box 1017¢#Kingston, Georgetown, Guyana .

Botaniv Gardens, George St., Brisbane, Queenstuand, Austmlm (H. Caulfield, Curator)

Harold L. Lyon Arborctum, University of Hawaii at Manoa, 3860 Manoa Road, Hono-
lulu, Hawaii 96822, USA ) . -

Herbarium, Department of Biology, P.O. Box 4820, University, Papua New Guinea

Herbario Alberto Castellanos, Departamento de Conservacfo Ambiental- FEEMA, C.P.
23011 ZC-08, 20.000 Rie de Janeiro, RJ, Brazil

L.B.D.I., Jardim Botanico do Rio de Janeiro. Rua Jardim Botanico 1008, 20.000 Rio de
Janeiro, ZC-20, GB, Brazii

“A. H. M. Jayasuriya, Research Officer, Nallondl Herbarium, Peradeniya, Sri Lanka

N. Lackhan, Director, Northern Range Reafforestation Proleu St. Joseph Farm, St
Joseph, Trinidad. West Indies

Hua Seng Lee, Silviculturist, Forest ‘Department Heudquartcrs Badruddin Road, Ku-
ching, Sarawak, Malaysia

Andree Millar, Director, National Capltal Botanic G‘(dens 4677 University P.O. Pon
Morestry, Papua New Guinea

Ministry of Agriculture, Department of Research and Specialist Services, Branch of
Botany, National Herbarium and National Botanic Garden, P.O. Box 8100, Causeway,
Salisbury, Zimbabwe-Rhodesia

National Botanic Gardens, Rana Pratap Marg, Lucknow, Indn

National Botanic Gardens of South Africa, Kirstenbosch Botanic Garden, Private: Bag
X7, Claremont 7735, South Africa -

K. Williums, Waimea Arboretum, Waimea, Oahu, Hawaii 96796, USA°

A. W. Owadally, Conservator of FForests, Ministry of Agriculture, and Natural Resources,
and the Environment, Forestry Service, Curepipe, Mauritius

Pacific Tropical Bolamcal Garden, P.O. Box 340, Lawai, Kauai, Hawau 967635, USA(
L. Theobald, Director)

Peter H. Raven, Missouri Botanical Garden, 2315 Tower Grove Ave., St. Louis, Missouri
63110, USA '

Lysidicg rhodostegia

Director of Agriculture and Fisheries, Canton Road Government Offices, 393 Canton
Road, 12th I'loor, Kowloon, Hong Kong

Harold L. Lyon Arboretum, University of Hawaii at Manoa, 3860 Manoa Road, Hono-
lulu, Hawaii 96822, USA

A. H. M. Jayasuriya, Research Officer, National Herbarium, Peradeniya, Sri Lanka

Longwood Gardens, Kennett Square, P8nnsylvania 19348, USA
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Maniltoa Species / : o

Kebun Raya Bogor, P.O. Bo¥ 110, Bogor, Indonesia (Didin Sastrapradja, Director)

Andree Millar, Director, National Capital Botanic Gardens, 4677 University, P.O., Port
Muresby, Papua New Gpinea

P. Byrne, Assistant Secretgry—Horticulture, Department of Prlmarv Industry, P.G. Box
2417, Konedobu, Pap7.\ New Guinea

Moldenhauera floribunda

Herbarium Brddeanum/ Caixa Postal 15.005-ZC- 06 20.000 Rio de Janeiro, RJ, Brazil
(G. F. J. Pabst Dl/ ector)

Mucuna Species /

Botanic Gardens, Lae, Papua New Guinea .

P. Byrne, Assistant Secretary —~Horticulture, Department of Primary Industry, P.O. Box
2417, Konedobu, Papua New Guinea

G. A. C. Herklots, Vanners, Chobham, Woking, Surrey GU24 8SJ England

. A. H. M. Jayasuriya, Research Officer, National Herbarium, Peradeniya, Sri Lanka

Longwood Gardens, Kennett Square, Pennsylvania 19348, USA (Mucuna rostrata)

Andree Millar, Director, "National Capital Botanic Gardens, 4677 University P.O., Port
Moresby, Papua New Guinea

National Herbarium of Trinidad and Tobago, Department of Biological Suences Uni-
versity of the West Indies, St. Augustine,. Trinidad, West Indies (Mucuna rostrata)

A. W. Owadally, Conservator of Forests, Ministry of Agriculture, and Natural Resources,
and the Environment, Forestry Seryice, Curepipe, Mauritius

V. L. Saplala, Green and Grow, Inc., Pansol, Calamba, Laguna, Philippines

Bernard Verdcourt, Royal Botamc Gardens, Kew, Surrey, Richmond TW9 3AL, Eng-
land (Mucuna taxonomy)

Peltophorum Species
P. africanum

Director, Botanical Research Institute, Private Bag X'IOI Pretoria 0001, South Africa

Harold L. Lyon Arboretum, University of Hawaii at Manoa, 3860 Manoa Road, Hono-
lulu, Hawaii 96822, USA

Los Angeles State and County Arboretum, Arcadia, California 91006, USA

Ministry of Agriculture, Department of Research and Specialist Services, Branch of
Botany, National Herbarium and National Botanic Garden, P.O. Box 8100, Causeway,
Salisbury, Zimbabwe-Rhodesia

National Botanic Gardens of South Africa, Klrstenbosch Botanic Garden, Private Bag
X7, Clatemont 7735, South Africa

A. wadally, Conservator of Forests, Ministry of Agriculture, and Natural Resources,
and the Environment, Forestry Service, Curepipe, Mauritius

P.lvan Wyk, Chief Research Officer, Kruger National Park, Skukuza, South Africa

P. pterocarpum

Hua Seng Lee, Silviculturist, Forest Department Headquarters, Badruddin Road, Ku-
ching, Sarawak, Malaysia

Andree Millar, Director, National Capital Botanic Gardens, 4677 University P.O., Port
Moresby, Papua New Guinea

National Botanic Gardens, Rana Pratap Marg, Lucknow, India

F.S.P. Ng, Senior Forest Botanist, Forest Research Institute, Kepong, Selangor,
MaJaysm :
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Phrhppme Na[,;ondl Herbarium, National Museum Manila, Philippines

Cartos M. Garcia, Head, IForest Planning Office, Department of Natural Resources, Box
5887, Puerto de Tierra, Puerto Rico 00906

V. L. Saplala, Green and Grow, Inc., Panspl, Calamba, Laguna, Philippines

K. Vivekanandan, Research Officer (Silviculture), Office of the Conservator of Forests,
P.O. Box 509, Colombo 2,.Sri Lanka '

Pithecellobium grandiflorum

Botanie Gardens, George St., Brisbane, Queensland, Australia (H. Caulfield, Curator)
Selwyn L. Everist, 13 Sunset Avenue, Bongaree, Bribie Island 4507, Queensland,
~ Australia

Sabinea carinalis

Assistant Conservator of Forests (Silviculture and Research) IForest Departmcnt P.O.
Box 1017, Kingston, Georgetown, Guyana
Botanic (.ardem St. George’s, Grenada, West Indies
Division of Agriculture, Government Headquarters, Roseau, Dominica, Wes[ Indies
Forestry Division, Botanic Gardens, Roseau, Dominica, West Indies (C.C. Ma\lmea,'
" Chief Forestry Officer)
Hope Botanic Gardens, Kingston 6, Jamaica

Saraca Species

D. B. Amatya, Forest Research Officer, Forest Survey and Research Office, Department

- ~of Forestry, Babar Mahal, Kathmandu Nepal
Fairchild Tropical Garden, 10901 Old Cutler Road, Miami, Florida 33156, USA -

Harold L. Lyon Arboretum, University of Hawaii at Manoa, 3860 Manoa Road\ Hono-
lulu, Hawaii 96822, USA

A. H. M. Jayasuriya, Research Officer, National Herbarrum Peradeniya, Sri Lanka

Kebun Raya Bogor, P.O. Box 110, Bogor, Indonesia (Didin S. Sastrapradja, Director)

Swat Nicharat, Chief, Botany Section, Silvicultural Dmsron Royal Forest Department,
Bangkok 9, Tharland

V. L. Saplala, Green and Grow, Inc., Pansol, Calamba, Laguna, Philippines

H. Valmayor, Department ‘of Horticulture, College of Agriculture, University of the
Philippines at Los Bafios, College, Laguna, Philippines

Schotia brachypetala

Director, Botanical Research Institute, Private Bag X101, Pretoria 0001, South Africa

Los Angeles State and County Arboretum, Arcadia, California 91006, USA

Ministry of Agriculture, Department of Research and Specialist Services, Branch of
Botany, National Herbarium and National Botanic Garden, P.O. Box 8100, Causeway,
Salisbury, Zimbabwe-Rhodesia

National Botanic Gardens of South Africa, Kirstenbosch Botanic Garden, Private Bag
X7, Claremont 7735, South Africa ,

United States Department of Agriculture, Subtropical Horticulture Research Unit,
13601 Old Cutler Roaql Miami, Florida 33158, USA (P. K. Soderholm)

P. vanWyk Chief Research Officer, Kruger Natlonal Park, Skukuza South Africa

i

’Sophora Species

E. J. Godley, Director, Botany Division, Department of Scientific and Industrial Re-
search, Private Bag, Christchurch, New Zealand
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Harold L. Lyon Arboretgym, University of Hawati at Manoa, 3860 Manoa Road, Hono-
lulu, Hawaii 96822, UNA 1
Otari Native Plant Museum, Wellington City (‘orpomtmn Parks DLp']rIan[ P.O. Box
- 2199, Wellington, New Zealand
David Northington, Department of Biological Sciences, Texas Tech Umversu) Lubbod\
Texas 79409, USA
A. W. Owadally, Conservator of t'orests, Ministry of Agriculture, and Natural Resources,
dnd the Environment, Forestry Service, Curepipe, Mauritius
J. A. Rattenbury, Associate Professor, Department of Botany, The University ot Auck-
land, Private Bag, Auckland, New Zealand

Strongylodon macrobotrys

Botanic Gardens, Lae, Papua New Guinea

Botanical Gardens, Parks and Recreation Department, Cluny Road, Singapore 10, Singa-
pore 5 ,

Hugh M. Curran, Jr., Provident Tree I'arms Inc.. Room 301, Lrmita Center. Roxas
Boulevard, Manila, Philippines

Department of Horticulture, University of the Philippines at Los Banos, College, Laguna,
Philippines (H. Valmayeor)

Harold L. Lyon Arboretum, University of Hawaii at Manoa, 186() Manoa Road, Hono-
lulu, Hawaii 96822, USA

Kebun Raya Bogor, P.O. Box 110, Bogor, Indonesia (Didin Sastrapradja, Director)

Longwood Gardens, Kennett Square, Pennsylvania 19348, USA :

A. W. Owadally, Conservator of I'orests, Ministry of Agriculture, and Natural Resources,
and the Environment, Forestry Service, Curepipe, Mauritius

Pacific Tropical Botanical Garden, Box 340, Lawai, Kauai, Hawaii 9676%

Philippine National Herbarium, National Museum, Manila, Philippines

R. M. Polhill, Royal Botanic Guardens, Kew, Surrey, Richmond TW9 3AE, England

V. L. Saplala, Green and Graw, Inc. *Pansol, Calambu, Laguna, Philippines

Sunnhemp

Cultivated in India since ancient times, sunnhemp* remains second only to
jute as the Subcontinent’s source of bast fiber. Traditionally, sunnhemp has
been considered a good fiber for the manufacture of twine and cord, canvas,

o

*Crotalaria juncea L. Also known as sannhemp, Indian hemp, Madras hemp..Sub\A.\
family: Papilionoideae.
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Mature sunnhemp growing at Texas A & M University, College Station, Texas,
USA. (United States Department of Agriculture)

fishing nets, mats, rugs, and sacks: But recent research has demonstrated
its potential for pulp and paper. The bast fiber shows good pulping char-
acteristics, yielding‘a pulp that appears suitable for a wide range of uses.
Used in paper, it imparts -high strength as well as scuff and tear resistance.*

Because it is a legume that nodulates freely, sunnhemp grows on poor soils
and requires little or no nitrogen fertlhzer Some strains can be grown in soils
infested with root-knot nematodes that* ‘may destroy similar bast fiber crops

‘such as kenaf, ramie, and roselle.

Each year about 130,000 tons of sunnhemp fiber are produced (mainly in
India, Pakistan, Brazil, and Bangladesh), much of it for export to Europe or
the- United States. However, there has never been any significant plant breed-
ing done on sunnhemp. Germ plasm has not been collected and varieties with
predictable qualities are not available; consequently, yiel‘as remain low com-
pared with kenaf, a nonlegume competitor for which cultivars exist. Yet

*For information on the papermakmg potential of Seshania bispinosa, a similar, and
even less well known leguminous annual see page 287.
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Manually separating sunnhemp fibers, northern India. (Sunnhemp Research
Station, Pratapgarh, Uttar Pradesh, India)

sunnhemp is a crop that deserves research attegbtion}’ffnot only to benefit the

“countries and farmers that now produce it, but also to enable its cultivatiorn

to expand into new regjons.

Sunnhemp is normally a shrubby, many-branched plant, but when it is
grown in dense stands it has a single spindly stem that can be 3 m tall. It is an
annual that grows vigorous lateral roots and a long taproot that exploits

- subterranean moisture, conferring some drought resistance on the plant, On

rootlets near the soil surface are produced many nodules that are well
branched and up to 2.5 c¢m in diameter. Although adapted to a hot climate,
the plant will endure slight frost.

To obtain the fiber for cordage or textiles, the plants are traditionally
processed in the same way as jute. Bundles of freshly harvested stems (with

- the yoots and tops cut off) are soaked in water for a week. During this time,

microorganisms decompose much of the soft tissue (a process called retting).
The bark can then be peeled away and, by repean beating and washing, the
fibers separated from it. :

Sunnhemp textile fiber is whitish-gray or yellow and comes in hanks
1-2 m long. The fiber is reported to be more durable than jute and to have a
greater tensile strength. The strength increases when wet and the fiber resists
degradation caused by moisture, mildew, and saltwater.

The cleaned cordage fiber represents about 8 percent of the weight of the
dried stem. Yields of 300-900 kg of dry fiber per ha are average, but re-
searchers in Brazil have obtained dry-fiber yields of 2,000 kg per ha.*

*Information supplied by A.L. de Barros Salgado. See Research Contacts.
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i
Decorticating sunnhemp in Brazil. (Instituto Agrondmico, Campinas, Brazil)

The high cellulose (45- 60 percent) and low ash content of sunnhemp fiber
has long made it a choice for cigarette and high-grade tissue paper. The fiber
is soft and only slightly lignified; it pulps readily. and in high yield (53~ 54
percent by the sulfate process). Individual papermaking fibers are 3.4- 8 mm

long and 13- 50 u wide (lumen width 7- 8 u), with cell walls 6- 7 i thick. For

large-scale ‘pulp and paper manufacture, the plant can be machine harvested
and the whole stalk (containing both bast fiber and shorter wood ﬁ‘ber) can
‘be pulped. The pulp has bursting and tearing strengths similar to those of
‘commercial mlxedi hardwood pulp, but it has considerably higher folding
“endurance.* b
Sunnhemp is easy to grow. 1t thrives on almost any type of soil that is not
waterlogged. It is easily established from seed. The seedlings appear above

ground in about 3 days and rapidly produce a thick ground cover that ;

smothers competing weeds. After planting, no care is needed until harvest
time. The complete mechanization of the cultme and harvesting offers no
difficulties. ‘

When the seeds are planted inoculation is. unnecessary. cowpea- type '
rhizobia that nodulate sunnhemp are present in most soils. The roots nodu- |

late freely and, given adequate phosphate, one hectare of sunnhemp can add
up to 300 kg of nitrogen.to the soil.T For this. reason the plant is a valyable
soil builder, used even more widely as a green manure than a fiber crop. As
manure, the plants are plowed into the soil when 2-2% months old (they

decompose more rapidly at this young age). Green matter yields of 18-27 t s

*Cunningham er al. 1978. _ ! /"
tRao and Sadasivaiah. 1968.

e
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per ha are average. In many parts of the tropics sunnhemp is grown in rota-
tion with rice, maize, tobacco, cotton, and other crops and it is also some-

dif., LUlldiLL Y 5 Y/

times grown together with sugarcane, pineapples, and coffee or used as a
cover crop in plantations and fruit orchards.

The lack of both a systematic germ plasm collection and of a classitication
of lines is the major limitation to the spread and more intensive utilization of
sunnhemp.

ramy due to the lack of LUIUleS [ne growm of a S[dIlG of SUI]HHCI]]p 15

often not uniform, which contributes to low yield and weed eompetition. Bul
ever;he best plants now available yield less than competing crops such as
kend® :

Available sunnhemp strains have a tendency to bend and break (lodge)
when the plants get'tall. This complicates harvesting.

Although the plant grows vigorously in almost any soil, in heavy clays the
fiber produced is coarse and its yield low. As a fiber crop sunnhemp should
be ErOwi On u;:,nl I1u£uu_y, WLH drained soils.

Many disease organisms—including viruses, fungi, insects, and nematodes—
have been found on sunnhemp but seem to cause little economic damage.
In India, a few, such as wilt and caterpillars of the sunnhemp moth Utetheisa
pulchella, can become serious. In Brazil, the only disease affecting the crop
is a fungus Ceratocystes fimbriata. 1f it becomgs too severe, sunnhemp fields
are fallowed or planted with other crops for 3 yi%r:‘

Although sunnhemp will grow in warm temperate regions, most varieties

£ ,:seqt seéd only in the tropics and subtropics. This latitude dependence means

- that- Aany breeding.or seed production must be done outside the temperate

zone. .

The dried leaves and stems are' fed to cattle, but the literature contains
conﬂlclmg statements on the forage value of fresh sunnhemp foliage. Under
some conditions nfﬁséms to become toxic.

Research Needs -

Sunnhemp will never realize its wgrlc]"(a'/'ide potential until a compreh‘ensive
plant breeding program is mounted. There is variability among the lines found
on the Indian Subcontinent, and they need to be collected, compared, and

classified. Improved t¥pes suited to specific localities need to be selected. The

plant breeders’ targets should be to select for high fiber yield (almost no
information is available on differences in bast fiber content between different .
sunnhemp lines), early maturity, stronger stems, and resistance to disease.

L
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bLfixpenmentahon is also needed to determme more precisely the environ-" ™
mental and cultural requirements of the crop .

Harvestmg and handling methods need improvement. End-use applications
need further testing, and the economics of producmg the crop should be
analyzed.

Given research, sunnhemp may prove to be a useful forage it grows fast,

can yield two crops a year (if cut 30 ¢m from the ground), and in India has

outyielded alfalfa (lucerne).* In South Africa, sunnhemp hay has been fed to

cattle at levels of about 10 percent of the diet. But as already noted, sunn-

hemp appears to be mildly toxic undersome conditions. Research is needed
“to identify the toxins, their effects, and their means of detoxification. It is
also important to identify which parts of the plant are toxic, as well as
varietal, seasonal, and environmental differences in toxin levels.

Selected Readings

Cunnmghdm R. L., T. I Clark,, and M O Bagby. 1978. Crotalaria juncea- Annual
source of papermakmg fiber. Tappl 61(2):37-39. ' ‘

Demsey, J. 1975. Fiber Crops. University of F lorida Book, Gainesville, Florida 32603
USA. pp. 417-447.

Heyne, K. 1950. De Nuttige Planten van Indonesia, Vol. 1. N. V. Utlgevery W. Van -
Hoeve-S. Gravenhage, Bandung, Indonesia, 780 pp. .

Kirby, R. M. 1963. Vegerable Fibres. Leonard Hill, London.

Nieschlag, H. J., G. H. Nelson, 1. A. Wolff, and R E. Perdue. 1960. A search for new
fiber crops. Tappl 43:993-998.-

Rao, B. V. V., and T. Sadasivaiah. 1968. Studies on nitrogen moblhzatlon through phos-
phate fertilizing of a legume in the Bangalore red soil. Mysore Journal of Agricultural
Science 2(4):251-256.

Reddy, M. R, 1968. Sunn-hemp hay can cut down concentrate needs of cattle. Indian
Farming 18(6):45-46.

Salgado, A. L. B., L. A. C. Lowdlm J. M. Pimentel, and W Gimenez. 1972, Instrucges
Para a Culrura da Crotalaria Junoea Instituto Agrondmico, Campmas Brazil (see
address below). 21 pp.

Singh, B. N., and S. N. Singh. 1936 Analysm of Crotalaria juncea with special reference
to its use in green manure and fibre production. Journal of American Society of
Agronomy 28:216-227.

White, -G, "A., and J. R. Haun.,1965. Growing Croralaria juncea, amu1t1 -purpose legume,
for paper pulp Economic Botany 19:175-183.

\

Research Contacts

Fibrous Products Research, Northern Regional Research Center, U.S. Department of
Agriculture, 1815 N. University St., Peoria, Illinois 61604, USA

Institute for Crops and Pastures, anate Box X116, Pretona, South Africa 0001 (J. W.
Snyman) , :

Instituto Agrondmico, Caixa Postal 28, Campinas, Estado de Sao Paulo, Brazil (A. L. de
Barros Salgado)

*Reddy, 1968 (sce Selected Readings), reports exceptional per-hectare forage yields of
5.19 tdry matter, 749 kg digestible crude protein, and 3,855 kg total digestible nutrients.

3
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Joint Commlssmn on Rural Reconstruction, 37 Nan Hai Road, Taipei 107, Taiwan
P. K. Karam Deputy Chief Forest Officer, Ministry of Agriculture and Forestry, Forest

Department, P.O. Box 31, Entebbe, Ugarida
Su rmhpmn Research Station, Pratanearh, Utfar Pr

......... Research Station, Pratapgarh, adesh, India
G. A. Wh1te Germplasm Resources Laboratory, U.S. Depar ment of Agriculture, Agri-
cultural Research Center, Beltsville, Maryland 20705, USA )

\
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known commercially as gums. Much used in medicines'since ancient times,
gums have recently gained considerable importance in some of the world’s < 5
largest industries. Chemically, gums are complex polysacchand@s Some are -
completely soluble in water, dlssolvmg to give clear solutions, while others
.absorb water an nd swell to form gexauuous muc“‘ag
is evident from the wealth of uses to which the

foilow'mg:

l llCU LUlllHlClbldl VcLlUC

s.
y are put, including the

€

# As major components of adhesives, including those w1dely used on post-
age stamps

e To impart smoothness and stablhty to bakery products and lengthen
their shelf life;

- To give body and smooth texture to confectlons (by acting as emulsify-
ing, binding, and thickening agents and by preventmg sugar from crystal
~lizing); :

- ® As a foam stabilizer in beer, to provide the long-lasting head found in
some brands;
¢ To provide the ultra-smooth consmtency of high-quality ice cream;
—_ To act as a purifier in’ winemaking and as an emulsifier in cer_talp soft "
drinks, cosmetic lotions, ointments, and detergents; and ”
» As a vital ingredient in flGat-processing minerals and in assaymg min-
erals foundry sands, cerami¢ glazes, and prmtmg inks.

w
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In addition, gums are used to impart luster to silk and other fine textiles;
for sizing paper; as a granulating agent in fertilizers; as a binder in explosives;
and as a pigment-suspending element in paints and polishes. Medicinally, gums
are important for soothing inflammations of the intestinal mucosa and to
cover inflamed or burned skin. - ‘ ' ;

In light of the importance of gum, the amount of research devoted to
improving the cultivation and production of gum crops has been minuscule.
Until recently, the actual species that produce some commercially available
gums were not known with any. degree of certainty. Even today, we are
ignorant of the physiological processes and causes of natural gum formation,
and agronomic techniques for pgroducing most of the crops have only recently
, been'systematically studied. In fact, the deliberate cultivation of some of the

- plants (for example Astragalus species, discussed.below) has yet to be at-

tempted. Moreover, there have been few concerted attempts to-systematically
screen plants in search. of new gum sources, and it seems likely that a number
of future gum crops await discovery. .

‘For purposes of mvestlgatlon‘ perhaps the most potentially Lrnpo;lant
gum-producing plant family is the Leguminosae. Many legumes produce gums
either in their seeds (see, for example, carob, page 109 ; tamarind, page 117;
Prosopis species, page 153 ;and raintree, page 202) or as an exudate when their
bark is damaged (see, for example, Acacia auriculiformis, page 165 ; Seshania
grandiflora, page 185; and Pterocarpus species, page 221). Seed gums seem
particularly rich in the leguminous genera Cassia, Acacia, Crotalaria, Indigo-
fera, and Sesbania, Copious gum exudates from tree barks are found among
others in Acacia, Albizia, Astragalus, Bauhinia, and Caes@lpinia. One formerly
obscure legume, guar (Cyayzopsis tetr&ganoloba) is increasingly cultivated in
India and the’ United States, and guar seed gum is becoming an important
commodity in internatiopal trade.* Others could follow and this chapter
highlights some promising exafnples described below.

o
3

Acacia senegal = - .

Acacia senegalt is native to hot, d;y, and barren regions of Africa and the
Middle East. When this spiny ,-gnarled tree’s branches or stems are woun{ed,
the tissues beneath the bark bleed a viscous gum that dries to walnut-size

*Guar's promise is described in a companion report: National Academy of Sciences.
1974. Underexploited Tropical Plants with Promising Economic Value. To order see
page, 329. More details of this exciting crop are given in a forthcoming book: Whistler,
R., and T. Hymowitz. 1979. Guar: Production, Nutrition and Indust:nal Use. Purdue
Umversny Press, Lafayette, Indiana 47907, USA.

.TA cacia senegal (L.) Willd. (Formerly also known zbs Acacia verek Gulll and Perr.) Sub-
family: Mimosoideae.
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In addition, Agums' are used to impart luster to silk and other fine textiles;
for sizing paper; as a granulating agent in fertilizers; as a binder in explosives;
and as a pigment-suspending element in paints and polishes. Medicinally, gums
are important for soothing inflammations of the intestinal mucosa and to
cover inflamed or burned skin. - )

In light of the importance of gum, the amount of research devoted to
improving the cultivation and production of gum crops has been minuscule.
Until recently, the actual species that produce some commercially available
gums were not known with any. degree of certainty. Even today, we are
ignorant of the physiological processes and causes of natural gum formation,
and agronomic techniques for groducing most of the crops have only recently
~ been'systematically studied. In fact, the deliberate cultivation of some of the

plants (for exarnple Astragalus species, discussed .below) has yet to be at-
' tempted. Moreover, there have been few concerted attempts to-systematically
screen plants in search. of new gum sources, and it seems likely that a number
of future gum crops await discovery. .

For purposes of 1r1vest1gat10n‘ perhaps the most potentially ano;iant
gum-producing plant family is the Leguminosae. Many legumes produce gums
either in their seeds (see, for example, carob, page 109 ; tamarind, page 117;
Prosopis species, page 153 ;and raintree, page 202) or as an exudate when their
bark is damaged (see, for example, Acacia auriculiformis, page 165 ; Sesbania
grandiflora, page 185; and Pterocarpus species, page 221). Seed gums seem
particularly rich in the leguminous genera Cassia, Acacia, Crotalaria, Indigo-
fera, and Sesbania, Copious gum exudates from tree barks are found among
others in Acaéia, Albizia, Astragalus, Bauhinia, and Caesalpinia. One formerly
obscure legume, guar (Cyayzopsis tetragonoloba), is increasingly cultivated in
India and the' United States, and guat seed gum is becoming an important
commodity in internatiogpal trade.* Others could follow and this chapter
highlights some promising exafnples described below.

Acacia senegal o - =

Acacia senegalt is native to hot, dry, and barren regions of Africa and the
Middle East. When this spiny,-gnarled tree’s branches or stems are woun\ded,
the tissues beneath the bark bleed a viscous gum that dries to walnut-size

*Guar's promise is described in a companion report: National Academy of Sciences.
1974. Underexploited Tropical Plants with Promising Economic Value. To order see
page, 329. More details of this exciting crop are given in a forthcoming book: Whistler,
R., and T. Hymowitz. 1979. Guar: Production, Nutrition and Indusmal Use. Purdue
Umversny Press, Lafayette, Indiana 47907, USA. °

tAcacia senegal (L.) Willd. (Formerly also known aos Acacia verek Gulll and Perr.) Sub-
family: Mimosoideae. :
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Gum arabic tree. (A. G. Seif-el-Din)

globules on the bark. Known internationally as gum arabic,* lhi; is perhaps
the most commercially important natural gum. About 40,000 tons are pro-
duced annually. -

Brittle and glass-like, the dry gum dissolves in water slowly, giving a trans-
lucent, viscous, acidic solution that is virtually tasteless. The Egyptians used it
in medicines and ceramic pottery over 4,000 years ago. Since biblical times
Europe has imported it from Sudan and Arabia (hence the name). Today, at.
least 10 Countries produce it-.commercially: Sudan (which provides 75-85
percent of the world’s supply), Mauritania, Senegal, Mali, Nigeria, Niger,
Chad, Tanzania, Ethiopia, and Somalia.

In areas of Africa too dry for general agriculture and livestock, gum arabic
is often the principal source of revenue for seminomadic African people.
Much gum arabic is still gathered largely at random from Acacia senegal
plants growing wild and untended, though trees in the Sudan are grown com-
mercially in plantations (“gum gardens™) and are deliberately tapped by slit-
ting the bark. An average annual yield is 250 g of gum per tree.

- Often the most abundant plant in dry, sandy, thorn-scrub areas, Acacia
senegal is found in a belt 300 km wide along the southern frontier of the
Sahara Desert, from Mauritania to Sudan, Ethiopia, and Somalia. It also
grows in East Africa as far south as Mozambique, the Transvaal, and Natal;

[ -

*Also known as Sénegal"‘gum, Sudan gum, gum hashab (Arabic), and Kordofan gum, as
well as by many other names in local vernacular.
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Sortinggum arabic, Sudan. (UN photo issued by FAQO)

along the southern coast of Arabia andIran; and in Pakistan and western

India.
In addition to producing gum, Acacia senegal is a ‘useful plant for dry

environments. In the Virgin Islands and Puerto Rico it is grown as an orna-
mental. In India and the Sudan it has proved useful for windbreaks. Its pods
and foliage provide good fodder for livestock, the tough wood of its taproot
and stem is used for tool handles, and a strong fiber can be obtained from the
long, flexible, surface roots. Furthermore, the dense wood yields excellent
charcoal, and the trees enrich the soil through their ability to fix nitrogen.
The plant thrives on rocky hills, dry sandy flats, or dunes where the annual

rainfall is between 200 and 350 mm. It can yield well even where the soil is
worn out and unable to support other crops. | )
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0 A dearth of knowledge about its physiology, agronomy, environmental
tolerances, and other aspects is a major factor in limiting more rational ex-
ploitation of Acacia senegal. Currently, gum arabic production is highly labor
intensive. The trees are tapped, the gum-tears picked, and, where grading is
practiced, every tear is color sorted entirely by hand.

Different races or subspecies of Acacia senegal and of other Acacia species
occur in different regions. Some have flat crowns while others have rounded
ones; some produce much gum, others none. Little is yet known about these
races and their genetic effects on gum yield and quality. )

; Research to improve and streamline the production of gum arabic is badly
needed, with a goal of changing it from a haphazard effort to a well-orga-
nized, systematic occupation. This will involve genetic improvement of the
plant, chemical stimulants for greater production, scientific management of

I plantations, development of mor/e_§&tematic grading procedures, production -

f of a more uniform product, ahd development of new ways of using gum

arabic as a chemical raw material, The producing countries, all among the

most impoverished of developing nations, lack sufficient research facilities
and technical manpower to accomplish this. For their own benefit as well as
to help satisfy the world’s need for gum, international attention is needed. -

Much of the needed research can be done in arid regions and in scientific

laboratories in the developed countries. ’

Research into the causes and physiology of gum production is needed. For
example, it is not known whether gum exuded from bark wounds is the
normal reaction of a healthy tree or a result of bacteria or fungi that infect
the wound. A goal of this research should be to.-find ways to increase gum
yield. = -

~
ity

4

The remarkable root system of Acacia senegal. The deep taproot (severed) extends down
to the water table; widespread lateral roots take advantage of light rain showers. Kor-
¢ dofan Province, Sudan Republic. (G.E. Wickens)

n '
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In a given population, some tree§ 6f Acacia senegal produce gum more
readily than others. Yields from individual trees vary from a few grams to
about 107 kg per tree. There is also evidence that individual trees proﬂuce
gums with slightly different chemical properties. Much more research is need-

ed into this than is currently in progress, as well as more widespread selectlon .
~ and replication of the best races. - N

Other Acacia Species

4

Over 100 species of Acacia are known to exude ggpipus amounts of gum
when their bark is damaged These plants tend ow/in inhospitable areas
24 poverty is rife and
economic development extremely difficult. The develGprfient of these species
as gum sources could bring employment and improved welfare to local in-
habitants. ‘ : ;
Six species™ whose-gums appear to have commercial promise and that
deserve exploratory research attention from industrial chemists and agron-
omists are:

Acacia auricullfohnis. See page 165.

Acacia berlandieri Benth. Native to southern Texas and adjacent areas of
- northern Mexico, this drought-tolerant shrub is the most common and con-
sp‘cuousAcac:’a in the area. It frequently occurs together with cactus, Prosopis
species (see page 153), and other desert-adapted plants. It yields gum freely,
especially when the trees are pruned or sprayed. The gum is brownish, but it
has good solubility in water and its general properties closely resemble
those of gum arabic. This, together with the plant’s drought hardiness, makes
the gum of Acacza berlandieri well worth research attentlon

 Acacia hebeclada DC.t Found in dry areas of southermn Africa south of
Rhodesia, this bush (sometimes a small tree reaching 7 m in height) ptoduces
a-gum of unique composition that should interest many industries. 1t is a
strongly acidic gum (containing about 33 percent uronic acid), with a protein
content of about 9 percent, and many methoxy! groups (about 2.5 percent).

The spiny bush bears yellow-white flower heads and thick gray pods
that usually do not hang but stand upright on the branches.

Acacia mellifera (Vahl.) Benth. This species is native to a vast area stretch-
ing from Arabia_and Egypt to South 'Africa (a distinct subspecies Acacia

*Selected by Professor D.M.W. Anderson. See Research Contacts.
T Also known as A cacia stolonifera Burch,

— \’
g ——— ™ ' .
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mellifera spp. detinens [Burch.] Brenan is prevalent from Zambia south-
wards). It grows.as a shrub or small tree, sometimes reaching 9 m tall. Its
hard, clean-burning wood is a valued cookingg fuel in rural areas. Its cream
or white flowers attract bees (important to honey production) and its foliage
provides valuable shade and fodder for livestock. The gum exudate from
Acacia mellifera has only recently been analyzed, but its remarkable prop-
erties could give it a commercial future. It is viscous, contains protein (8-9
percent), and is acidic (with about 21 percent uronic acid groups). Despite
its usefulness, this is a prickly plant whose impenetrable thickets are some-
times a nuisance. :

Acacia saligna (Labill.) H. Wendl.* A bushy shrub native to poor sandy
and clay soils of Western Australia, it is extremely rugged and widely planted
for coastal sand dune fixation in North Africa; the Middle East, South Africa,
and some Mediterranean countries; for gully erosion control in Uruguay;
and for ormamental purposes in Australia. It grows rapidly and tolerates
drought fire, calcareous soils, and salt winds.t Damaged bark exudes copious

ounts of a light-colored, water-soluble gum that is very acidic (27 percent
ﬂ:)mc acid)., Such an acid stable gum seems to have exceptional promise
fér use in pickles and other acidic foodstuffs.

Acacia victorige. See page 148.

Astragalus species

Of all natural gums, tragacanth, obtained from Astragalus species,i is the _
most expensive, now selling at over $48 per kg. But although it has been an
~item of commerce since at least three centuries before the Christian era, to-
day it is a vanishing commodity. Despite conservation laws, the plants that
. produce it are disappearing because heavy tapping weakens them, reduces
seed production, and depletes the natural stands. Yet except for a few brief
test plantings in California and Arizona, the cultlvathm of gum tragacanth
has never been attempted.
Gum tragacanth’s properties are unique. Although many peOple have” pre
dicted the complete demise of its trade, various industries have found it

*Formerly known as Acacia cyanophylla Lindl.
T Because of this irrepressible nature it has become a rampant weed in South Afrlca

tNotably A adscendens Boiss., A. echzdnaejormzs Sirjaev, 4. gummifer Labill,, and A.
----- mtcr@cephalus Willd. -Subfamﬂyv Bapilionoideae- A- eemmon—Perstan—mme—FeH»he»plaﬂts—~~—~
is “gommer,” from which European terms gomma (Itahan and Spanish), gomme (French),
and gum derive. The lranian desert city of Qum‘(Qom) is named because it has long been .
a gum tragacanth market
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Azerbaijan, Iran. Asfragalus species that‘ are the sourcé of gum tragacanth. (H.S. Gentry)

indispensable to their products and are prepared to pay enormous prices to

- get it. \

When water is added gum tragacanth swells to form a gel. Highly viscous
solutions result even when the gum is in very low concentrations. The better
grades contribute thickening without sliminess, are colorless and tasteless,
and resist thermal or acidic degradation. Major cﬁrren/t uses are in pharma-
ceuticals and cosmetics; as a thickeﬁing agent in syrups, dressings, and sauces,
as an industrial textile sizing; and as an adhesive for cigar wrapper leaves. . ‘

Gum tragacanth is produced from small Astragalus bushes that thrive in
arid locations in the mountains of Iran, Iraq, and Turkey,* as well as in the
Soviet Union, Pakistan, Afghanistan, Syria, Israel, and Greece. Before World
War'l, Turkey was the world’s major supplier; today, Iran is.

" The gum is ¢ollected from wild bushes, usually in a haphazard way by
nomads and villagers of the region. Production is thus unsystematic and large-
ly uncontrolled. It takes place in remote and inhospitable semideserts, making
collection and transportation difficult. The bushes are widely scattered and
tricky to harvest, each yielding only about 15-25 g per tapping season. It is
not surprising, therefore, that gum tragacanth production is declining; a
natural résource is running out.

Amazingly, after 3,000 years of using gum tragacanth, we are still unsure
of. the identity of the species that produce the gum; even the environmental
and genetic factors that enhance gum yield and gum quality are unknown.

The best gum comes from small, pincushion-like plants that can be covered
by a hat. These develop a mass of gum in the center of the roet. Summer heat

*Like tarwi (page. 86), these are not strictly. tropical plants b,}g;ue included here be-
cause of their potential value to cooler developing countries. o

R S



~-—-—be-expected-to-produce-cultivars-with-several-times-the-productive capacities~
of the maltreated wildlings that now supply: this valuable gum to the world.
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The spiraling exudate of gum tragacanth, Isfahan, Iran. (H.S.
Gentry) ’

swells this cylinder of gum and if the stem is slit, a stream of soft gum pushes
“out in the form of a ribbon. Although most gum is produced in the root of
the plant, inferior grades may be found in the older branches.

The overwhelming limitation to the gum tragacanth trade is that its only
source, the wild plants in Iran and. Asia Minor, is becoming exhausted. In the
absence of attempts to improve gum production, there is a complete lack of
knowledge of how to cultivate the gum-producing Astragalus plants. How-
ever, a test planting in California demonstrated that several high-elevation
species would grow there with ordinary gardening care. In their second year
they flowered and produced seed, and small samples of gum were obtained.*
Cultivation, especially with modern mechanized methods, would greatly re-
duce the labor required of tribesmen for gathering gum from scattered wild

- plants. ' A
* The plants can be propagated from seed. Test plantings should be started
in the semiarid areas that have environments homologous to the highlands of
Asia Minor, Iran, and Afghanistan. The hinterlands of Southern California
and the highlands of Arizona and New Mexico and similar climatic areas in
South America (Chile, Argentina, etc.), Australia, Southern Africa, and Asia
appear propitious. Areas with early summer rains are to be avoided, as rains

wash away the exuded ribbons of gum. Trial cultivation of different geno-

types should seek varieties that are good yielders of high-quality gum. Once
these are identified, plant breeding through selection and hybridization can

*Information supplied by H.S. Gentry. See Research Contacts.




__GUMS 287

Sesbania bispinosa. (1.P. Abrol)

Sesbania bispinosa

World demand for guar "gum is increa,sing,\b\ut the occurrence of an almost
identical gum-in the seeds df‘Sengania bispinosg* is little known outside two
or three research laboratories in India and Pakistan. Sesbania bispinosa is
extremely versatile, producing a wide variety of tseful products that comple-
ment its walue as a gum source; it is also quick\growing, well adapted to
difficult soils, and appears easy to produce-on lar scale with: little care or
investment. It richly deserves increased attention from horticulturists and the
gum industry.

Sesanm bispinosa is normally shrub-like, but in crqwded stands grows a
straight, slender stem that may reach 4 m tall. A prickly-leaved annual, it is
native to tropical and subtropical areas of the Indian Subcontinent but has
been distributed to parts of tropical Africa, Southeast As\a, China, and the

est Indies. It appears to nodulate vigorously and improve soil fertility. On

the Subcontinent, it is a choice green manure, particularly Yecause its fast

gxfowth (5- to 6-month maturing time) aljows-1 X into exysting crop ro-
oo FAEOAL » - o o e e

S ' |
*Sesbania bispinosa (Jacq.) W.IF'. Wight. Ofte
India known as dhaincha (name also used for

_jantar. Subfamily: Papilionoideae.

designated as Sesbamya aculeata Pers. In
ther Sesbania species) and iny Pakistan as
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Unlike other le&,umes it will grow on saline and alkaline wastelands and wet,
almost WdLCllUSECu ouilS ain € i i §
often remain barren for want of suitable crops. .

Sesbania bispinosa seeds are a little smaller than those of gugl\l,* but the
composition of the two is roughly the same. Gum comprises 30-42 parcent
of each seed’s weight. Like guar gum, that from Sesbania bispinosa is a
viscous, waler-soluble galactomannan (with a 5;1 ration of mannose to palac-
tose) mucilage, very low in protein, oil, or fiber impurities. On drying, the
gum produces a smooth, light-colored, coherent, and elastic film of a type
needed for sizing textiles.and paper products and for thickeniiig and stabiliz-
ing solutions.

The seeds are easily harvested, and yields of 1,500 kg per ha have been
reported when the plants are judiciously topped to force branching and great-

ramaly
LC1lIC]

>
I

“er flower production.f

In the face of competition from guar, Sesbania bispinosa is worth develop-
ing as a gum source because its exceptional adaptability (it has grown well

.even in southern Italyf) may allow its production in areas where guar fails’
~and because this multipurpose plant has otfier uses that add to its potential as

a new crop. The seed kernel is protein rich ard the meal remaining after gum
extraction contains 58 percent, protein and 15 percent oil. Although this
product is not highly palatable to livestock, it has been experimentally added
to cattle and poultry feeds with some success. More testmg seems warranted.

i o Faismnd m +1-
‘ D_y PIUUULLb are dIbU UULdJ 1ed 1

rom otner paris o

e The fresh young foliage is palatable to livestock and boosts the growth
of both cattle and sheep; o :

e The stems make useful firewoed; and

o The stem also provides bast fiber (9 percent yield) used in fishing nets,
gunny sacks and sails and is said to be stronger than jute.

S

On top of all that, Seshania bispinosa has exciting potential as a source of
pulp for paper products and construction materials. This is even less devel-
oped than the seed gum. Nonetheless, the plant does produce a pulp closely
similar to that of eucalyptus, poplar, and birch, some of the best short-fiber

- pulps known.} The pulp is superior to that of most annual crops. Fiber length

averages 0.96 mm -and the pulp is formed in high yield and has good bleach-
ability.” A rayon’ grade pulp can be made, and the fiber looks particularly™
promising forjfiberboard, hardboard, and particleboard. Yields of 46-60t of

*More information on guar is g1ven ina compamon report National Academy of Sciences.
1975. Underexploited Tropzc}zl Plants with Promising Economic Value. To order see
page 329.

ALFaLL

-} Hussain and Ahmad. 1965. 3 :
}Information supplied by L. Markila. See Research Contacts.

»
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fiber (bone dry) per ha per harvest seem attainable with irrigation and good
management.* Furthermore, because of the plant’s short growing season two_
(or perhaps more) harvests per»,year are feasible. e

Research on pulp productl?):n from Sesbania bispinosa is urgently needed.
Problerins aré similar to those being tackled in projects producing pulp from
other amnuals and include developing econom;cal methods for harvesting,
handling, and debarking the.stems. o f

The lavmg plant is used to provide windbreaks, hedges, erosmn control,
and provide shade and cover for crops. The plant is ornamental and, as
already mentioned, is a useful green manure for increasing soil fertility, espe-
cially on 'saline and wet soils. It is also reportedly excellent for suppressing
vigorous weeds such_as /mperata cvlmdrzca that now grlp so much of the
tropics as green deserts.t : - :

Before Sesbania bispinosa can be fully exploited as a gum source, research

_is-meeded to:

» Select high-yielding varieties with-uniform qualities;

e Optimize cultivation practices; 4

e Improve techniques for m‘illing the gum on a commercial scale; and -

e Fully determine the gum’s functional properties and the extent of its
commercial viability.

In introducing this plant to new areas much care should be exerc1sed It
grows fast, seeds freely, and reportedly has become a noxious weed in rice
paddies in some areas. Related species such as Sesbania cannabina, S. pézlu-,..,

dosa, S. aegyptiaca (S. sesban} and S. speciosa also seem worth considering in
projects researchmg Seshania bispinosa. : \
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Research Contacts ¥

Acacia senegal

D. M. W. Anderson, [)cpurfment of Chemistry, University of Edinburgh-, West Mains
Road, Ldinburgh, FH9 33J, Scotland, United Kingdom (Gum chemistry)

.
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J. P. M. Brenan, Roval Botanic Gardens, Kew, Richmond. Surrey TWY 3AL, Lngland
(Taxonomy) ‘ R ‘

Central Arid Zone Research Institute, Jodhpur, Rajasthan, Indid (H. S. Mann and R.
Paroda) (Fstablishment ot dcacia senegal plantations for sotl consefvation. tucl md
fodder.)

Centre Technique torestier Tropical. 45 BIS, Avenue de la Belle Gabrielle, 94130
Nogent-sur-Marne (Val-de-Marne), France (R. Catinot)

Ministry of Agriculture, Food and Natural Resources Rescarch and Lducation Institute,
P.O. Box 658, Khartoum-Soba, Sudan

M. Obeid. Gezira University, Wad Medani, Sudan

A. G, Seit-¢l-Din, Senior Gum Research Ofticer, P.O. Box 302, t] ()bud Sudan

Tropical Products Institute, 56-65 Gray's lpn Road, London WX 81U, Fngland (Post-
harvest utilization) ' ‘

Water and Forestry Branch, Ministry of Rural Development, Government ot Sencgal,
Dukar, Sencgal (Gives courses on gum arabice production tor students ot the Sudan-
Sahelian region.) 7 : '

Other Acacia species
. 2

FFor informalion on the gums of these species contact Protessor D. M. W. Anderson.
Department of Chemistry, University ot bdinburgh, West Mains Road. tdinburgh,
EH9 31J, Scotland

Astragalus species

Howard S, Gentry, D
USA

Harold Jabloner, He
USA

Roy Whistler, Department ot Biochemistry, Purdue University. Latavette, Indiana
47907, USA .

sert Botanical Gardens, P.O. Box 5415, Phocnin. Arizona 85010,

{ Incorporated, Research Center, Wilmington. Delawure 19899,

Sesbania bispinosa

Ayub Agricultural Rescarch Institute, Lyallpur Pakistan

Division of Soils and Agronomy, Céntral Soil Salinity Research Institute, Karnal {32001,
Haryana, India (I. P. Abrol) )

P. C. D. Gupta, Jute Technological Research Laboratory, 12 Regent Park. Tollygunge.
Calcutta 40, West Bengal, India ' :

L. Markila, Pulp and Paper Branch, Forest Industries Division, T'AO, Via delle Terme di
Caracalla, 00100-Rofe, Italy

National Botanic Gardens, Rana Pratap Marg, Lucknow, India (1. N. Khoshoo and
M. L. H. Faroogi) :

National Bureau of Plant (,LnuleuourLu Indian Agricultural Rescarch Institute, New
Delhi 110012, India (K. L. Mchra, Director)

Punjab Agricultural University, Ludhiana, 141004 Punjab, India (Kartar Singh Chela and
Zora Singh Brar)

Tropical Products Instilutq 56-62 Gray's Inn Road, London WCIX 8LU, United King-
dom (W. S. Matthews) ! '

Roy Whistler, Department of Biochemistry, Purdue University, Lafuyette. Indiana
47907, USA '

George A; White, Germplasm Resources Laboratory, U.S. Department ot Agriculture;
Agricultural Research Center, Beltsville, Maryland 20705, USA




Green Manure, Soil Reclamation.,
and Erosion Control

Restoration and maintenance of soil fertility is a basic and critical environ-
mental problem [t is especially serigus in developing countries, many of
whigh suffer poor productivity beuause their soils lack plant nutrients and
humus.

Mineral fertilizers are easy to handle and produce quick results. However,
their efficacy does not diminish the usefulness—and generally unrecognized
potential—of organic fertilizers. Optimum yields are obtained by comple-
menting mineral fertilizers with organic manures. Nevertheless, in recent years
the use of organic materials in agriculture has decreased, even in countries
with long traditions of organic manuring.

Legumes are a good source of organic matter for manure. Their fresh
foliage usually contains from 0.5 to | percent nitrogen. The foliage of vigorous
perennial legumes may accumulate 100-600 kg of nitrogen per ha. When
incorporated into soil, it improves fertility, moisture, nutrient retention, agd
general tllth At the same time, by improving soil structure, it can also retard
erosion. -

The costs and long-term effects of mineral fertilizer make it increasingly
important to reexamine green.manure crops, especially for fragile farming
ecosystems in the tropics. Leguminous candidates for testing include species
of Cajanus, Canavalia, Crotalaria, Desmodium, Erythrina, Lablab, Leucaena
Lupinus, Mucuna, Pueraria, Sesbania, and Tephrosia.

Used with discretion, many legumes are valuable for initial plantings on
bare -grounds, wastelands, or sand dunes. Once established, they can create
conditions that induce other species to- grow well. They act as pioneers,
preparing difficult sites for farming-or forestry.

This chapter demonstrates, pictorially, the use of legumes for green ma-
nure and for the reclamation of wormn-out, eroding, and toxic soils. Some of
the examples are from temperate zones, but they exemplify the results that
can be expected in tropical and arid zones with the use of appropriate legu-
minous species.
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Pucraria phaseoloides used asa cover crop near Belem, Brazil. In tropical regions like this,
rainfalls ot 20 vm per hour are frequent and more soil is gouged out by falling rain-
drops than by runoff water. Densely growing leguminous plants then become partic-
ularly valuable. They provide nitrogen” and humus, but ak ve all, they shield the soil
surface from erosion by wind and \}'zrfes. (A. van Wambeke)

The use of the densely ‘matted-velvet bean Mucuna pruriens as a green manure and soil
pratector, castern Mexico. Sustaining agricultural yicld in the heat, humidity, and heavy
rainfall of the towland tropics is a particular problem. Fxposed soils rapidly iose their
productive capacity; organic matter decomposes fast, natrients ‘leach away, soils com-
pact, and populations of weeds, pests, and diseases build constantly because there is no
cold or dry seasan to kil them back. The velvet bealyi's an exceptionally promising pulse
and cover crop-for such areas. It is productive,~hardy, adapted to widely different
conditions, and resists discases and pests. By gréwing a crop of velvet bean and sword
bean (see page 54) to restore productivity”to their fields, farmers in southeastern
Mexico reduce fallow periods from 5 years, £0 one growing season.

The seeds of some velvet bean Dcnotypcs are a1 new-found source of L-Dopa, a drug
used in treating Parkinson’s disease. K related species, Mucuna sloanei, is grown as a
pulse crop in the extreme heat and humlchtv of ecastern Nigeria. Since few other food
crops survive in such Londmons,,ﬂ]e species deserves widespread testing and research. (S.
R. Gliessman and R. (-eru.’[ Colegio Superior de Agricultura Tropical, Cardenas,
Tabasco, Mexico)
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The simultaneous cultivation of beans and maize is an.ancient practice in Central Amer-
ica. Even Mayan farmers knew that the bean plant (Phascolus vulgaris) helped maintain
high maize yields. On many small farms in Latin Amoﬂca these crops are still grown
together. Lach can be planted at its own optimum density. Maize yields are not dimin-
ished, so the tarmer gets the beans as a bonus. (Rodale Press)

o™

Living mulches it the Centro Internacional'de Agricultura Tropical (CIAT), Cali, Colom-
bia. Left: A ficld of-maize planted through perennial peanut Arachis prostratq. Right:
Rice growing in a living muich of Desmodium triflorum. Living mulches are a promising
new method for increasing vegetable production in the tropics. A carpet-like cover of
low-growing plants enhances vegetable yield and shortens the growing season by con-
serving soil moisture, reducing leaching, suppressing weeds, and by making soil tempera-
tures more equable. Compared with other mulches, the use of living plarts is cheap. At *
the International Institute for Tropical Agriculture in Ibadan. Nigeria, equipment to
plant jvegetable seedlings right through the living ‘“‘carpet” is being designed. (K. O.
Rachie and B. N. Okigbo) ,
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| 1 9
Strip-mined land, before and after planting with Coronilla varia, Hannp, Ohio, USA.
Coronilla varia (crownvetch) has risen, in four decades, from complete obscurity to one
of the mest important soil-stabilizing legumes in the United States. The plant protects
hundreds of miles of highway embankments and has been used to turn mine spoil into
grazing land. It 1s being tested internationally and holds promise for the tropics, especial-
ly for cool highlunds (1. V. Grau) R R !

. . ;
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. Black locust (Robinia pscudoacacia) growing vigorously on extremely steep. infertile
o . mine prll Ralcigh County, Wesf \«lrgmla USA. After 4 growing seasons the trées have
~ reached? 4 min hugl S and, except for a small, very stony area, the slope is completely
stabilized by the treds: (Soil’Conservation Service, U.S. Department of Agriculture) . ;

<’ A .

¢ '.," A‘ . ¢ : ’ X
The use of Leucaena leucocephala to reLLum hxghly aluminous soil, \VElpd northern
Australia. The site is on.a t.ormer bauxite mine, and the leucaena is being tested as a -
nurse crop for African mahogany (Khaya species), which is planted between the leucaena
trees. (GEMALCQO, Weipa, North Quecnslqnd_‘. Austraha)

&
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Legumes as reforestation aids, Southern Alps, New Zcaland. In the high country of New
Zealand seed of legumes, grasses, and trees are combined and spread from The air.
The resulting mixture of vegetation stabilizes eroding mountain slopes, improves tertility,

I

and- helps establish forests. The tree seedlings grow through a “‘carpet™ of legumes and
grasses that protects and nurtures them while they are young and vulnerable to harsh
weather and erosion. The technique is described in What's New in Forest Research,
Number 33, January 1976, available from IForest Research Institute, Private Bag, Rotorua,
New Zealund. (A. H. Nordmeyer)

N

Lespedeza bjcolor and L. ®gunbergii. Known in South Korea as “‘miracle plants,” these
leguminous bushes rapidly cqyer bare ground. Their long, shallow roots bind and hold
down soil. Prolific root nodule¥, provide nitrogen and their protein-rich foliage is fed to
livestock. Foresters plant Lespedvxza species around pine seedlings to protect the soil,
provide plant nutrients, and produtg forage and firewood until the forest is establishied.
The dense wood of the small stems*s eagerly sought for cooking fuel and it is a well-
established Korean practice to plant [L‘e,gpedeza species along ridges as a firewood crop.
The flowers are a source of a honey kjown throughout the country. Although Korea
has temperate climate, these plants could‘i.prove useful in cool tropical highiand regions.
Other Lespedeza species as well as Amorphd, fruticosa (foreground) are used for the same
purposes. (T. Bok Lee, Kwanak Arboretuin, College of Agriculture, Seoul National
University, Suwon; Korea)
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300 MISCELLANEOQUS

The use ol legumes to establish {op€5ts on pure sand, Northland, New Zealand. First the
dunes are stabilized with a grass fmarrat grass, Ammophila arenaria): Lupins are then
sown between the grass and quickly come to dominate it (see background). . . . '

fa

- ...Pine seedlings arc planted into the lupin cover. They w well because lupins are

. 4
TR

legirmes and provide nitrogen and organic matter to the sand.\, .
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... The pines come to dominate the lupins. . .

.~ eventually producing a productive forest.;(Foreét liese;uch Institute, Private Bag,
Rotorua, New Zealand) ’ '
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v

Indigsofera spicata (1. endecaphylla) used as live, maintenance-free cover for pond em-
bankments. (Fish Culture Experiment Center. Universidad de Caldas, Manizales, Colom-
bia)

A i | B
Diphysa robinioides used as a living fence in Costa Rica. Leguminous trees are commonly
used as living fence posts in Central America. The fence provides protection and shade
for animals, but in addition the branches and the foliage can be continuously harvested

for cuttings (for more live fence pgsts), forage, firewood, or green manure. (G. Budowski)
1 / .

) @




UL 3 )“'
b

Leguminous trees used to support climbing crops. In Ihe/\;e"/e.\periments very dense
plantings of leucacna leucocephala were used as low-cost stakes for yams at Ibadan,
Nigeria (left) and pole beans at Cali, Colombia (rigl‘)})z“/l"he tree’s roots did not seriously
interfere even with the yams. In both cases leucaenia foliage was harvested for forage or
green manure, an additional benefit over nefmal staking. ‘(International Institute of -

Tropical Agriculture and K. O. Rachie) -~ . ‘
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Acacta saligna Nixing moving sand dunes near Tripol, Libya This s an extremely hardy
feeuninous Australiun shrub that can survive in! and stabilize. shitting sand dunes. Here
1t s shown within squares of ar

until the shrub’croots are established: leaci saligne tsee page 284) 18 also a promising
sotree of gum. (1FAO) .
-

ss stems placed in the sand 1o stow the sand’™s movement

\

Clirietdia sepiion (Gomactlata) crown as a foebreak. Central Tava, Indonesiac This and

other fast-growmy feguminous trees have the vigor to outcompete weads such as i

perata sy, In the. shade of the trees the weeds diel leaving almast nolRing that can
*Srum Perhutani, Jakarta . L . .

Ssustam agrass tres(l 1

-
Lamby grazing a pasture ol legume (white clover., Trifoltuon repeny) and grasses aimong
pine seedlings (Pinus radiata) planted 6 months earlier. Agroforestry, the combination of
tree crops and agriculture, has an important future, particularly in the tropics, and
[cguminous plants seem destined 1o be_an mmportant part ot 1t (New Zealand Forest
Serviee) ! ,




Appendix A -
A\
Comparative Nutritional Values
Cride Chamical Camnocitinn of Faaod and Forace Sneciec ¥
Crude Chemical Composition of Fdod and Forage Species.
. Total -
Species ~ Partt  Calories Protein Fat Carb. IFiber Ash
~ - g g N g g
Acacia albida S 11.5 01.4 55.1 234 03.2
' Acacia aneura I 13.2 02.2 51.5 27.9 05.0
Acacia pendula T 13.2 034 462 296  07.8
Acacia senegal p 220 010 309 390  07.1
Acacia tortillis P 17.8 01.7 ~ 546 17.5 08.4
Apios americana R 17.5 57.1 04.7
Arachis hypogaca L 320 20,5 702.8 69.3 214 074
(peanut) S 587 24 .8 479 246 03.1 02.7
Canavalia ensiformis S 393 23.7 03.6 68.9 68.6 04.1
(jackbean) S. 389 274 02.9 66.1 08.3 03.6
GF 324 21.0 02.6 71.0 15.8 05.2
- GF 377 23.7 01.8 69 15.8 5.2
C,‘bz'zax'alfn gladiata S 375 32.0 00.7 63.5 13.7 04.2
(swordbean) Gi° 315 25.9 07.4 67 9 04.6
' "GS 23.7 01.8 56.1 05.2
Cassia sturtii L i - 126 02.3 63.3 13.4 08.4
¢ I N ! ©
Ceratonia siliqua. A 203 - 05.1 01.6 . 91.2 08.7 02.4
(carob) S ~ 19.9 02.8 66.8 08.6 03.4
r 053 Q3.0 42.6 10.7 03.3
(,'ordeau.x'[a cedulis !
(ye-eb) ° S 446 12.1 134 71.6 01.6 02.5

*Compiled by James A. Duke, U.S. Department of Agricuiturél. ’ N
tA=aril, DS=dry seed, F'=fruit, GS=green se&d, G=green fruit, I=inflorescence ar :0,
~flower, L=leaf, P=pod, R=root, S=seed, Sp=sprout, LC=leaves cooked ' '

-
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Total
Species Part Calories Protein Fat Carb.  Fiber Ash
g g g g g
Desmanthus virgatus L~ 224
Desmodium discolor L ) 20.9 03.0 38.1 27.3 10.9
Desmodium .
nicaraguense L 22.5 08.6
-~ Flemingia vestita R 09.3  02.3 83.9  01.1 03.1
Gleditsia triacanthos _
(Honeylocust) P 14.3 ‘:01 .9 60.8 18.4 04.7
Glyéine max (soybean) GS 436 40.8 17.9 35.8 06.0 05.3
(vellow) S 444 39.0 19.6 355 04.7 05.5
(black,) S 439 38.0 17.1 40.3 04.9 - 04.6
S 445 37.1 19.7 37.3 05.2 05.5
Sp 335 . 41.7 09.7 43.3 03.8 05.4
Kerstingiella geocarpa -~ S. 386 215 012 739 061 036
Lablab purpurcus GI- 312 25.0 027 65.2 . 16.1 07:1
(laBlab beun) S 382 25.1 017 68.9 07.8 04.0
S 381 25,5 ¢ 01.1 69.6 - 09.6 03.6
S 380 24.5 01.4 69.9. 07.8 04.3
GF 312 24.8 024 65.6 15.2 07,2
L 284 22.0 03.7 55.9 61.4 12.8
Leucaena leicocephala, 1L 332 14.2 03.9 74.7 08.8 07.3
“(leucaena). GF 306 435 04.7 45.6 19.7 06.2
Lupinus mutabilis S 440 4{7‘.8,49"’ 17.8 304 07.7 03.6
(tarwi). . S 513 32.2 2 32.2 07.1 03.0
GS 441 48.0 17.8 31.5 021
Medicago sativa L 301 34.7 02.3 549 17.9 08.1
(alfalfa) ‘
Pachyrizus erosus R 35 9‘ 10.7 00.8 83.9 04.6 04.6
(yam bean) R 357 11.0 00.6 84.4 09.1 03.9
: GF 19.1 02.2 73.5 21.3 105.1
Phaseolus acutifolius S 378 24.5 01.5 65.5 3.7 04.6
(tepary bean) ‘
Phaseolus coccineus S 385 23.1 02.1 -70.7 05.5 03.9
(runner bean) GS 00.5 18.5 04.3
F 17:8 02.4 71.5 04.6 03.8
Phaseolys lunatus "~ 8 384 25.0 01.6 70.3 04.9 03.9
(lima bean) ‘ S 388 22.2 01.5 73.2 03.4
GS 3717 . 26.6 01.6 66.6 03.2 05.1
Sp 306 36.1 02.2 55.6 01.7 06.1
L 286 214 00.0 60.7 17.9
Prosopis alba F 09.7 023 469 380  03.1

~
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Total
Species @ Part Calories Protein Fat Carb. Fiber Ash
g g g g g
Prosopis chilensis L 284 09.2 343 26.8 01.5
Prosopis pallida F 10.3 00.7 58.6 26.7 03.8
_ Prosopis tamarugo | GF '11.9 ’01 A S1.5 28.8 06.1
Psophocaﬁpﬁs ‘ GI” 321 26‘,9' - 03.8 62.7 21.8 06.4
tetragonolobus GF . 324 8.1 01.0 5.2 15.2 05.7
{winged bean) s ¢ 450 - 364 18.8 40.5 - : 04.4
’ / S 447 35.0 17.8 434 11.1° 04.1
j R 370 11.4 02.4 82.6 06.1 03.7
/ L 313 - 334 03.3 56.7 06.7
Pso‘r;alaa esculenta * 13.1 66.7 03.1
Prergcarpus sp. L " 340 36.1 08.8  50.2 122 049
Pughraria lobata LC 327 - 03.6 00.9 88.2 70.0 07.3
' R 359 - 06.7 00.3 88.4 02.2 04.4
' Sesbania grandiflora L 321 36.3 07.5 46.1 09.2 09.2
) I 345 14.5 03.6 77.3 10.9 04.5
~ Sphenostylis .S 391 21.1 01.2 74.1 05.7 032
© “stenocarpa R 366 10.8 00.6 86.3 01.1 " 02.3
(African yam bean) ‘ »
Tamarindus indica 1 - 3757 12.5 058.0 7.50 06.0 03.5
(tamarind) L %.342 23.3 04.0 70.7 05.7 02.6
L 332 14.1 03.6 75.1 18.7 07.3
F 1343 10.1 01.0 83.8 42.4 05.0
‘Tylosema esculentum S 560 . 29.5 42.8 24.3 20.5 03.2
(marama bean) L 307 16.1 00.4 74.6 25.5 09.0
R 46 08.1 01.8 56.3 22.8 10.2
Vigna aconitifolia . S _ 265 012 632 050 039
(moth bean) .
Vignaumbellatz S 390 21.5 01.2+ 716  03.4 02.3
(rice bean) - - ,
Vigna vexillata R o 145 00.9 58.2 03.8.
Voandzeia subterranea § 412 17.8 06.7 72.2 03.3
(bambara groundnut) -
4
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The Research Contacts listed at the end of each chapter contributed great-
ly to this report. In addition the following people contributed.

A.F. ANGULO, Centraal Proefdierenbedrij{-TNO, Zeist, The Netherlands
"E.S. AYENSU, Director, Endangered Species Program, Smithsonian Institu-

tion, Washington, D.C., USA
J.R. BAGGETT, Department of Horticulture, Oregon State University, Cor-
vallis, Oregon, USA

. HERBERT G.BAKER, Professor ofBotany,Umversnty of California, Berkeley,

California, USA

- J P BARBOSA, Universidade de Fortaleza Fortaleza Ceara, Brazil

T. BARETTA-KUIPERS, Instituut voor Systematische Plantkunde, Botanisch
Museum en Herbarium van de Rijksuniversiteit, Te Utrecht, The Net.her
lands

RUPERT BARNABY, Research Assoc1ate The New York Botamcal Garden,
Bronx, New York, USA

C. W, BARNEY Department of Forest and Wood Sciences, Co]orado State

Umvers1ty, Fort Collins, Colorado, USA

E. A. BELL, Professor School of Biological Sciences, UmverSJty of London,
King’s College, London, England - '

F. A. BISBY, Department of Biology, The University, Southamptun England

E.G. BOLLARD, Director, Plant Diseases Division, Department of Scientific
and Industrial Research, Auckland, New Zealand

DONALD BOULTER, Science Laboratories, IJniversity of Durham, Durham,

England
BERNARD BROWN, S. B, Pemck Co., Lyndhurst, New Jersey, USA

"" G.'W. BUTLER, Assistant Director-General, Department of Scxentlﬁc and

Industrial Research, Wellington New Zealand
BILLY E. CALDWELL, Head, Department of Crop Science, North Carolma
State Umversny, Raleigh, North Carolina, USA i
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ANNETTA CARTER, Research Associate, University of California, Berkeley .
Culifornia, USA

WONG KA1 CHOO, Department of Agronomy and Horticulture, University
of Agriculture, Serdang, Selangor, Malaysia

I.’COPPEN, Tropical Products Institute, London, England

DERMOT COYNE. Department of, Hormullure University ot Nebraska,
Lincoln, Nebraska, USA '

ELMO W. DA VIS, McCormick and Company, Hunt Valley, Maryland, USA

ALICIA AREVALO DI DELGADE. Naturalist. Guayaquil, Ecuador

D.A. V. DENDY, Head of Cereals und Rural Technology Sections, Tropical
Products Institute, Oxfordshire, England

R. DENNIS, Department of Plant Sciences, University ol Arizona, Tucson,
Arnzona, USA :

RAJAMMAL P. DEVADAS, Principal, Sri Avinashilingam Home Science Col-
lege, Coimbatore. India | '

R. DEVRED, Research Development Centre. Food and Agriculture Organiza-
.tion, Rome, ltalv

H. C. D. DE WIT, Professor, Landboushogeschool, Laboratorium voor
Plan[ens\ 5tematlel\ en Geogrifie, bFoulkesweg, Wagenmgm The Nether-
lands i *

Division of Horticultural Research, Commonwealth Scientific and Industrial
Research Organization, Merbein, Victoria, Australia

J.W.DOLLAHITE, Veterinary Medical Officer, United States Department of”
Agricullure Agricultural Research Service. Southern Region, College Sta-
tion, Texas. USA

JAMES SHOLTO DOUGLAS, Afforestation Officer and Actmg Projects Of-
ficer, Sudan Council of Churches, Khartoum, Sudan

. SYDNEY DRAPER, Agriculture and Rural Developmént Department, The

World Bank, Washington, D.C.. USA

HAROLD E. DREGNE, International Cenler for Arid and Semi-Arid Land
Studies, Texas Tech UmverSIty, Lubbock, Texas, USA :

W. G. DYSON, Centro Agronomlco Tropical de Investigacion y Ensefianza,
Turrialba, Costa Rica ;

The East-West Center, Honolulu, Hawaii, USA

K. W. ENTWISTLL, James Cook University, Townsville, Queensland, Aus-
tralia '

R.E. ERICKSON, Givaudan Corp., Clltton New Jersey, USA :
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;‘ Biographical Sketches of Panel Members

JOHN PATRICK MICKLETHWA'iT BRENAN is Director of the Royal Bo-
tanic Gardens, Kew. He received the degrees of M.A. in 1943:and B.Sc. in
1954 from Oxford University. He worked at the Imperial Forestry Insti-
tute at Oxford until 1948, when he left to join the staff of the Herbarium
at the Royal Botanic Gardens. He is also a Visiting Professof of the Univer-
sity of Reading. His research has been mainly on the taxonomy of tropiczl

- African plants, with special emphasis on the Leguminesae, pirticu]afly the
Mimosoideae; he‘has written revisions ofthis work covering much of east-
ern and southetn tropical ‘Africa. In 1965 he became Keeper of the Herbar-
ium at the Royal Botanic Gardens and became Director in 1976 vop

JAMES L. BREWBAKER is Professor of Hortmulture and Genetlcs at the
Unive.sity of Hawaii. He received a B.A. dcgree in 1948 .from Colorado
University and his Ph.D. in plant breeding from Cornel] University in

‘ 1952 Before joining the faculty of the University of Hawaii in 1961, he
was employed by the University of the Phl]xppmes and the U.S. Atomic
Energy Commission. His research has focused on crop genetics and breed-
ing,_ with emphasis on maize, leucaena, and other tropical pkants. He di-
rects work in Hawaii on forest legume and maize 1mprovement

JAMI:S A. DUKE is Chief of the Plant Taxonomy Labordtmy Plant Genetics

= »_and Germptasm Institute of the Agucultural Research Servnce U.S. Depart-

ment. of. A&r1cultu1c After completion of his Ph.D. in botany at the Uni-
vETsity of North Carolina in 1960, Dr..Dukejoined the Missouri Botanical
Garderi; working his way up to assistant curator concerned prlmarlly with
the ecanomic flora of Panama and Peru. After joining USDA in 1963, he
studied. the economic ftora-of Puerto Rico and Thailand. He then joined
Battelle Mcmonal Institute for S years, largely doing field work on the sea
level canal program in Panama and Colombia. Currently, he is develg‘pmg
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a computerized file on the ccology. unluatlon and geography of eco-
nomic plants. N

E. MARK HUTTON retired as Chief, CSIRO. Division ofTropmal Crops and -
Pastures, Brisbane, Australia, in March 1977. After completing his
B.Ag.Sc. degree at Adelaide University in 1933, he worked with the South
Australian Agricultural Department, then Roseworthy Gollege where his
cereal breeding-tesearch earned an M.Sc. in 1940. From 1‘941 to 1953 he

. was at CSIRO: ‘Division of Plant Industry, Canberra, and in 1951 received
a D.S¢. from "Adelaide University for research on inheritance of virus resis-
tance in potatoes and tomatoes. While at Canberra he commenced breeding
research in pasture plants, continuing this in Brisbane from 1954 to 1977
with tropical species. Concentrating on legumes, he bred Siratro, now
widely used in pastyres throughout the fropics, and has continued research
on breeding legumes for acid tropical soils. He has traveled widely in the
tropics lecturmg and consulting on pasture ar’ld cattle production and has
written numerous papers. He was president of the XI International Grass-
land Congress' held in Australia in 1970 and has received a number of

~honors. ‘ ,, |

'THEODORE" HWOWITZ is Professot of Plant Genetics, Crop Evolution
Laboratory in the Department of Agronomy, University of Illinois. He
received a B.S. from Cornell University in 1955 an M.S. from the Univer-
sity of Arizona in 1957, and a Ph.D. in plant breeding and genetics in

" 1963 from Oklahoma State University. Dr. Hymowitz has made extensive
legume seed collections in many tropical and subtropical countries. His
current research interests are with the origin and domestication of

_ legumes, germ plasm resources, and the ‘inheritance of chemical com-

- ponents of seed. He has been a Fulbright Scholar to India, an exchange

scientist to Australia, and a member of the NAS winged bean panel.

He is a Fellow of the American Association for the Advancement -of

Science.

RAYMOND J. JONES is a Senior Principal Research Scientist with the
CSIRO Division of Tropical Crops and Pastures and Officer in Charge of
the CS!RO Davies Laboratory, Townsville, Australia. He was gratuated
from the University College of Wales, Aberystwyth, with a B.Sc. (Hons) in

1953, From 1956 to 1960 he worked in Kenya for the British Colomal
Service. In 1960 he joined the then CSIRO Division of Tropical Pastures in

" _Brisbane, undertaking research on the growth and management of tropical
legumes and animal production from legume-based and"nitrogen fertilized
grass pastures In 1973 he received a Ph.D. in agronomy from the Univer-

“sity of New England Armidale. * N O

ROBERT C. KOEPPEN is Project Leader in charge of the Center for:-Wood
Anatomy Research at the JU.S. Forest Products Laboratory tn Madison,
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-Wisconsin. He received a Ph.D. from the University of Wisconsin at
Madison in 1962. Since that time he has worked as a wood anatomist at
“the Forest Products Laboratory, specializing in the identification of trop-
;icial woods from all parts of the world. He also serves as a Lecturer in
Forest Products at the University- of Wisconsin at Madison. His wood
-anatomy research has been concentrated in the area of tropical legumes,
and monographic studies have been published on several South American

e,

" resource specialist for the U.S. Agency for International Development, and

assignments have taken him to tropical regions throughout the world.

JEAN H. LANGENHEIM is Professor of Biology and has been Chairinan of

the Department of Biology at the University of California, Santd Cruz. She
received a Ph.D. from the University of Minnesbta in 1952 in plant ecol-
ogy and paleobotany. At Harvard University, where she was Radcliffe
Institute Scholar and Research Fellow in The Biological Laboratories
from 1962 to 1966, she began an intensive chemical and.ecological study
" comparing fossil resins (amber) with modemn Ttesins. This led to long-range
field and laboratory investigation of tropical resin-producing leguminous
trees. Her studigs include an analysis of the ecological role of resin com-
- pounds in tropical ecosystems as well as their potential as a renewable
~ forest product resource. She has been Sécretary and is currently Vice
President for Bducation of the Organization for Tropical Studies and has
served on the U.S. National Academy of -Sciences and Brazilian CNP .
*“Scnentlfc Advisory Committee. She is also a member of the Scientific
Adv1sory Committee of the Environmental Protection Agency.

JORGE LEON is head of the Crop Genetic Resources Program at the Tropical
Agrxcultural Research and Training Center (CATIE) at Turrialba, Costa
Rica. He received a Ph.D. degree from Washington University in 1953 and

- ‘until 1962 worked at Turrialba on improvement of coffee and other trop-

ical Crops. From 1962 to 1968 his activities were concentrated on Andean

crops and from 1968 to 1976 on genetic resources at the FAO heagd-
quarters in Rome.

JAMES C. MOOMAW is Dlrcctor of the Asian Vegetable Research and Devel-
opment Center (AVRDC) in Taiwan. He received a Ph.D. in botany from
Washmgmn State University in 1956 and then served on the University of
Hawaii staff doing research on tropical pasture legumes and grasses. Join- -
ing the staff of.the Rockefeller Foundation in 1961, he served as the first
‘agronomist at the Intérnational Rice Research Institute in the Philippines
working on rice production and multiple cropping. After 2 years in Sri
Lanka with the IRRI Qutreach Pregram, he joined the International Insti-
tute of Tropical Agriculture in 1970, serving successively as.Ric“éAgrc')n-_
‘omist, Leader of the Farming Systems Program, and Director of Outreach’

.. - Programs.-Dr. Moomaw became Director of AVRDC in 1975.

o

genera: From 1973 to the present, he has also’served as a tropical woaods o
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BEDE N. OKIGBO is Deputy Director General’ of the International Institute

of Tropical Agriculture (IITA), Ibadan, Nigeria. He gjmdudted from Wash-
ington State University with a B.S. in agronomy and" entomology and
received an M.S. in 1956 and Ph.D. in 1959 in agronomy (crop produc-

tion and ecology) from Cornell University. He was lecturer and then Pro-

fessor, Head of the Department of Plant/Soil Science (1961-1973) and
Dean, Faculty of Agriculture (1965-1971), University of Nigeria. Nsukka.
While at the university, he-lectured at vdrious times on economic and

agmultulal botany, genetics and plant breeding, statistical methods for
bivlogy students, and field plot technique and the development ot agricul-

ture and crop production. He has published many articles on crop produc-

tion of maize, yams, cassava, and miscellanecous crops and has recentdy.

written on farming systems in\ the tropics. From July 1973 to April 1977,
he was Assistant Director of the Farming Systems Program at 11TA. He has
served as a member of the Economic Advisory Council (1975~1976) and

~Chairman, Agricultural Research Council of Nigeria (1975- 1977)QNow a

member.6f the National Science and Tec¢hnology Development Agency
(NSTDA), he has been elected Fellow of ~the Science Society of ngerm
and of the Nigerian. Audcmy ol Science. h

ANTONIO M. PINCHINAT received his Ph.D. degree in crop science from

Michigan State University in 1964. Following his graduu‘l_ion, he went to
work for the Interamerican lastittite of Agricultural Science (IICA). There
he served as Professor of Plant Breeding and Cmp lmprovement Specialist
at the Graduate School and Research Center now known as CATIE
(Centro Agronomico Tropical de Investigacion y Ensenanza), in Turrialba,
Costa Rica, carrying out ektensive agronvmic work in food grain legumes.

. In 1976 he became lIC\A s Regional Director for the Antilles Zone, super-

vising and Coordmatmg \agucultural productlon and research programs in
cooperation with national, 1nst1tut10ns within the Zone.

DONALD L. PLUCKNETT is Professor of Agronomy and Soil Science at the

V

i

College of Tropical Agr iculture, University of Hawaii. He received B.S. and
M.S. degrees in agriculture and agronomy from the University of Nebraska
in 1953 and 1957,‘respectivefy, and a Ph.D. in tropical soil science from
the University of Hawaii in 1961. Me has worked extensively in tropical
crop and pasture research and has had broad international experience in
tropical agnculture He has been a consultant for many international
groups, including work for the Ford Foundation on the Aswan Project in
Egypt for FAQ, AID, and the South Pacific Commlssmn From 1973 to
1976: he was Chief of the Soil and Water Management Division, Office of
Agriculture, Technical Assistance Bureau, Agency for International Devel-

-opment, Washington, D.C. In 1976 he was awarded AID’s Superior Honor

Award for his activities in inten}ational development. In June 1977, he

e
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“was Chairman of a vegetable farming systems dglegation to the People’s
Republic of China, sponsored by the Committee\ for Scholarly Commu-
nication with the People’s Republic of China. Hé has served on several
National Academy of Sciences study panels. .

KENNETH O. RACHIE is Associate Director General\of the Centro Inter-
nacional de Agricultura Tropical in Cali, Colombia, \with owerall respon-
sibilities for research at l@is center, one of 10 such\centers in tropical |
developing countries around the world. He earned a .D. in agronomy
and pldnt breeding at the University of Minnesota in 193¢, From 1955 to
the prgsent he has been employed by the Rockefeller Poundation with
assignments in several developing countries including Iraq, Wexico, India,
Ugandad, Nigeria, and Colombia. During this peridd he has been active in
g,enetn’ 1mprovement and agronomic research on forag?&sorghums
millefs,- plgeon peas, cowpeas, and other basic food crops of the lowland -
“tropics.; He has been involved in collecting and assembling germ plasm of

\""'*sorghul‘n, millets, pigeon peas, and cowpeas and has contributed numerous
articles and chapters in scientific and fechnical journals on these crops,
including a series of ‘monographs on millet species of importancé in the
developing I/IOPICS

GUlLLLRMO/SANCHEZ RODRIGUEZ is head of a collection, introduction,
evaluatlon,/ and seed production program of tr ypical forage legumes and of
a research/ and demonstration dairy progran) under irrigated mixed pas-
tures in (uerrero State,- Mexico. Both programs belong to a fideicom-
missum between the World Bank and thef Bank of Mexico. He is also
working on the collection and evaluation of Mexican legumes with forage
potential, with particular emphasis on species and strains of thes genus
Leucaera. He feceived a B.S. in agriculture and animal production from
the Escuela Nacmnal de Agricultura de Chapingo in 1973. |

SETHATI SASTRAPRADIJA received-a Ph.D. in botany from the Umver31ty
of Hawaii in 1967. Upon returning to Indonesia she rejoined the research
staff of the National Biological Institute, Bogor, Indonesia. In 1973 she
was appoirited Director of that institute, a post “she still holds. Dr.
Sastrapradija lvas been involved in tropical legume research since 1969. Her
major interest is plant genetic resources of minor food legumes such as
‘Canavalia, Psophocarpus, and Mucuna. In addition, she is interested in
tropical . tuber crops and fruits. In 1976 she received a medal from the
Indonesian government for-her contrlbutlon to the development of sci-
ences in Indonesia. :

YUSUF N. TAMIMI is Prpfessor of Soil Sg\ence at the University of Hawaii.

He received his B.S. degree in agriculture from Purdue University in 1957,
- an M.S. in soils from New Mexico State University in 1960; and a Ph.D.in

‘soils from the University” of Hawaii in 1963. He conducts research-on -
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forest tree fertilization, forest soils, mineral-eyclifig in forest stands, pas-
tufe management, and-soil fertility on row crops. He also teaches courses
on troplcal soils, soil chemistry, and soil fertility.

" CRAIG D WHITESELL is the Principal Silviculturist, timber and watershed
resource development research, Institute of Pacific Islands Forestry in
Honolulu, Hawaii, for the United States. Forest Service. He received his
'B.S.F. in forest management from West Virginia University and his M.F.

in silviculture and soils from Duke University. For the past 15 years he

has worked in ‘Hawaii with forest spec1es to be used for reforestation,

N, /pe conversion, fuel-breaks, watershed protectlon and tlmber production.

NOEL D. VIETMEYER, staff director for this study, isa Professmnal Asso-
ciate of the National Academy of Sciences. Recipient of a Ph.D. in organic

* chemistry from the University of California, Berkeley, he has been staff
officer for a number of NAS studies that have drawn sattentlon to little-
known plants that could well become future crops.
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Abaracaatinga, 20 ‘ Afzeliu, 3, 219-220
Acacia, 2, 4, 13, 141-153, 240-241, 265, . africana, 220
279 : ~ bipindensis, 220
albida, vii, 142-145, 151, 152, 305 pachyloba, 220
aneura, 145-146, 151-152, 153, 305 quanzensis, 220
aulacocarpa, 170 rhomboides, 3220 ?
atiriculaeformis, 165 xylocarpa, 220
auriculiformis, 14, 165-171, 195, 283 Agati, 185
baileyana, 240-241, 248 Ahipa, 21
berlandieri, 283 Akle, 178
crassicarpa, 170 Albizia, t4, 171-184, 279
cyanophylla, 284 ‘acle, 178, 182, 184
drummondii, 241, 248 adignthifoliu, 180, 181, 182, 184
- Jarnesiana, 4 chinensis, 178, 182, 184 i
gerrardii, 151 : - falcataria, 171-177, 178, 181-182, 183,
hebeclada, 283 195
koa, 3 . ferruginea, 180,182, 184
' linifolia, 241 i gummifera, 181, 182, 184 ~
" mangium, 194-195, 206, 207 ‘ lebbek, 171, 1.73, 177-178, 182, 183
R mearnsii, 4 : marginata, 178
mellifera, 283-284 minahassue, 178, 182, 184
) nilotica, 138 ~  pedicellata, 179, 184
pendula, 146-148, 153, 305 ® procera, 179, 182, 184
podalyriifolia, 241 stipulata, 178
- prominens, 241 ' Z'ygia, 181, 182, 184
~ pycnantha, 239, 241, 248 . 4 Albizzia falcata, 173
raddiana, 137 » mohuccana, 173
" saligna, 284, 304 Algarroba, 109 . ’
senegal, 4, 138, 150, 279-283, 289, 290, Algarrobo, 153, 202 '
305 . Al kharoutah, 109
» sentis, 148 ) ‘ : Altramuz, 86 ) ‘
Y seyal, 150 Amboyng wood, 224 !
T stolonifera, 283 .- Ambherstia nobilis, 242, 249, 266
tortilis, 13, 136-140, 160, 305’ ~Amorpha fruticosa, 298
verek, 279 Any tree, 142
victoriae, 148, 153, 284 ~ % Anauca, 258 ;
Acrocarpus fraxinifolius, 195-197, 206, Andaman padauk, 221, 223
208 ’ Andaman redwood, 223
Afgekia sericea, 241-242, 249, 265 Andira inermis, 4
African coralwood, 226 Angsana, 224
, African padauk, 223, 226 - - Anthocephalus chinensis, 191
African rosewood, 227 i Apa, 220
" African teak, 211 «  Apepe, 227
African yam bean, 10, 21, 27-32, 39, 307 Apios, 40-42
" Afrormosia, 15, 211- 215§ . americana, 39, 46-42, 44, 45,305~
angolensis, 214 fortunei, 42
elata, 211,247 : priceana, 42 /
T akifolia, 214 . ruberosa, 40
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Apple-blossom shower, 255
Appléring acacia, 142
Arachis hvpogaea, 305
Asamela, 211
Ashok, askok, asoka, 261
Astragalus, 279, 284 286, 290, 291
adscendens, 284
echidnaeformis, 284
gummifer, 284
microcephalus, 284
August flower, 185
TAYinre, 179

Bacule, 185
Baffin pea, 47
Baikiaca plurijuga, 3
Bambara groundnut, 10-11, 47-53, 307
Baephia nitida, 3
Barklya syringifolia, 242, 248, 266
Barrel medic, 5
Barwood, 223, 226
Batai, 173
.Bauhinia, 3, 243-244, 266, 279
blakeana, 239+ 243, 250
corymbosa, 243
esculenta, 68
Jussoglensis, 73
glauca, 243
kochiana, 243, 250
macrantha, 73
petersiana, 73
purpurca, 3, 243
monandra, 3, 243
tomentosa, 244
variegata, 3, 243
Black locust, 297
Blackwood, 232
Bloodwood, 225
Boerboon, 262 ‘
Bolusanthus spéciosus, 144, 250, 266
Bonavist bean, 59
Boree, 146
Borneo teak, 216
Braaiboontjie, 68.
Bracaatinga, 201
Brazil-wood, 239
Brazilian fire tree, 204 -
Brazilian kingwood, 233
Brazilian tulipwood, 233
Breadroot, 38
Brownea, 244-245, 266
capitella, 245, 267
grandiceps, 245,250, 266
macrophylla, 245, 250, 267
Burma padauk, 223
" Butea
monosperma, 245-246, 249, 267
superba, 246
Butter bean, 97
Butterfly pea, 3

Caesalpinia, 279
echinata, 5, 239
_pulcherrima, 3, 239

.~ Carob, 12, 109-116, 305
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sappan, 5
Caesalpinioideae, 2
Cajanus, 292

cajan, 2
Calligndra :

callothyrsus, 197-199 206, 208

guildingii, 197

surinamensis, 197

tweedii, 197 .
Camoensia maxima, 244, 252, 267
Camwood, 3 \
Canavalia, 292 4

ensiformis, 11, 54-59, Y05

gladiata, 11, 54-59, 305\

plagiosperma, 58 ‘

regalis, 58
Caro, 200

Caroube, 109

.Carruba, 109
Cassia, 246, 255-256, 267, 279

agnes, 255

angustifolia, 4

artemisioides, 256

eremophila, 255

fistula, 3, 239, 255

grandis, 255

hybrids, 255

javanica, 255

nemophila, 255

nodosa, 3, 255,

renigera, 255

s tabilis, 252, 255

sturtii, vii, 124-126 133, 134, 255, 305
Ceratonia siliqua, 12, 109-116, 305
Chicharos, 59 ‘

_Chick-peas, 2

Chin chan, 232

Chink, 59

Chocho, 86

Cicer arietinum, 2

Clianthus, 256, 268

" dampieri, 256
formosus, 250, 256
puniceus, 250, 256

Climbing mountain bean, 80

Clitoria ternatea 3

Cock’s comb coral tree, 3

Cocobolo, 233

.Codariocalyx gyroides, 128

Colvillea racemosa, 252, 256-257, 269
Colvilie’s glory, 256 )
Congo goober, 47
Copalifera, 4

Coral trees, 257-258 .
Cordeauxia edulis,’12, 103-107, 305

-,/

. Cordia ailiodora, 299

Coronilla varia, 296

Courbaril, 4.

Crotalaria, 292
juncea, 16, 272-278

-Crownvetch, 296

Cyamopsis tetragonoloba, vii, 4, 279
Cynomerra caulifiora, 4
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Dakota turnip, 38

Dalbergia, 3,15, 231-238

- africana, 232
baronii, 232
cearensis, 233
cochinchinensis, 232, 237-238
cultrata, 232
decipularis, 233
frutescens, 231, 233, 247
greveana, 232
latifolia, 232, 234, 235- 236 237
melanoxylon, 232,235,238
nigra, 231, 233, 236, 247
‘oliveri, 232, 237 .
retusa, 233, 235-236, 237 4
sissoides, 232
sissoo, 199-200, 206, 208, 236
spruceana, 233
stevensonii, 233
turcurensis, 233

Delonix regia, 3, 257, 259

Derris, 4

Desmanthus virgatus, 126, 133, 134, 306

Desmodium, 126, 133, 292
discolod, 127, 133, 135, 306
distortym, 127, 134, 135
gyroides, 127, 128-129, 135
nicaraguense, 127, 129, 135, 306
triflorum, 294

Detaritym senegalense, 4

Dhak, 245

Dhain¢ha, 287

Dialiuym .
guipeense, 4
indum, 4 )
ovoidum, 4

Dighyse robinioides, 302

DipteryXx odorata, 4

Discolored clover, 127

Dolichos lablab, 59

Dolique tubereux, 21

/

/Earpod tree, 200
Earth pea, 47
“East Indian walnuit 177

Egyptian bean, 59

El seito, 239

Enterolobium
cyclocarpm, 200-201, 206, 208

~schomburgii, 200

Epiroui, 47

Erythrina, 257-258, 269, 292
caffra, 25
coralloides, 257
crista-galli, 3, 239

.

edulis, 257 e

SRidedrE; 258 T
mildbraedii, 252, 258 *
mulungu, 258

poepptgmna viii, 252, 258, 299
senegalensis;, 258

speeiasa, 258

verna, 258 -
 Eucalyptus

saligna, 202
tereticornis, 166

Faboideae, 2

» Faidherbia albida, 142
Faicata, 173 .
Fan-ko, 21
Fenugreek, 4 -
Feve jacques, 54
Flamboyant, 3, 257, 259
Flame of the forest, 245-246
Flemingia vestita, 37-39, 43, 44,
French tamarind, 202
Frywooed, 177
Fuchsia tree, 262

A<~Gabon padauk, 226
Gallito, 185
Gami, 68 .
Gemsbok bean, 68
Girigiri, 27 -
Gieditschia, 129
Gleditsia triacanthos, vi,
Gliricidia
maculata, 304
sepium, 4, 304
“Glycine
apios, 40
. max, 306 ‘
“Glycyrrhiza glabra, 8
Gmelina arborea, 195
Golden afrormosia, 211
Golden shower, 3, 239, 25§
Golden wattle, 239
Go nuoc, 216
Gotani bean, 54 .
Granadillo, 233
Guanacaste, 200
Guapiruvu, 204 .
Guar, vii, 4, 279 i
Guaymochil, 4
Guibourtia, 3
Gum arabic, 4, 280
Gum hashab, 280 t
Gum tragacanth, 284
Gundabluey, 148

i

Haak-en-steekdoring, 136
Haematoxylon campechmnum 5
Hagaed wood, 233 .

Hebb, 103
Honey locust, vi, 129-131, 134, 135, 306

Hong Kong orchid tree, 239
Horsebesgn, 54
Horse cassia, 255

- Horse 'marmalade, 127
Huilboerboon, 262
Hyacinth bean, 59 ..
Hymenaea, 4

courbaril, 4

Ice cream beans, 4
Ifi- lele, ifil, ifit, 216 | \
Indian bean, 59

129-131,

LA

INDEX

306

306

.
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Indiaxl hemp, %72 Linggoa, 224 i
Indian kudzu, 43 Logwood, 5§ .
Indian laburnum, 255 ) Lonchocarpus, 4, 244 7
Indian turnip, 38 cyanescens, 5
Indigofera, 279 Lubia bean, 59
endecaphylla, 302 Lumpaw, 216
spicata, 302 Lum-pho, 216
Inga, 4 Lupins, 300
Inocarpus fagiferus, 4 Lupinus, 292 -
Intsia, 15, 216-220 angustifolius, 89
bakeri, 216 douglasi, 90
bijuga, 216-220, 247 : luteus, 89
palembanica 216-220 T mutabilis, vi,. 12, 86-92, 306
Ipil, 216, ornatus, 90 '
: Israeli babool 136 : pubescens, 90
tauris, 86

Lysidice rhodostegia, 258-259, 269
Jacaranda do Para, 233
Jackbean, 11, 54-59, 305

Jade vine, 263 Machaerium, 236
Jantar, 287” : Macroptilium atropurpureum, 5
~ Japanese rice bean, 80 Macrotyloma geocarpum, 52
Jeheb-nut, 103 Madagascar bean, 97
Jenizero, 200 Madagascar groundnut, 47
- Jeungjing, 173 Madobia, 227
. Jicama, 21. .+ . Madras hemp, 272
~ Ticib, 1037 ‘ Maka-mong, 216
;, ~Juijiya, 47 Malacca teak, 220 e
- _Juana-costa-mahogany, 200 S _Mambi. bean, 80
e , Maniltoa, 259, 270
) N
- gemmipara, 259
Kakabeak, 256, 269 ' schefferi, 259
Katurai, 185 Mara, 173
Kayu laut, 214 Marama bean, 11, 33, 39, 68-74, 307
Kenya coffee shade tree, 195 ‘ Marami, 68
Kerstingiella geocarpa, 52, 306 Marmelade de cavalo, 127
Kersting’s groundnut, 52 Mat bean, matki bean, math bean, 75
Kharuv, 109 . - Medicago %
Knollige bohne, 21 "~ sativa, 306 o
Kokko, 177 ) tribuloides, §
Kokrodua, 211 Merbau, 216
Kordofan gum, 280. : ‘ Mesquite, 153
Kowhais, 239, 263 . Mexican yam bean, 21
Kudzu, 42 , . Millettia, 244
Kwila, 216 . Mimosd
bracatinga, 201
P scabrella, 201-202, 207, 209
"Lablab bean, 11, 59/67 306 - virgata, 126
Lablab, 292 pd . Mimosoideae, 2 -
niger, 59 ,. Moghania' vestita, 37
purpureus,i1, 59-67, 306 4 Molave, 239
Laburnum;’3 Moldenhauera floribunda, 259, 270
‘Lace flower tree, 261 , ‘ Molucca albizzia, 173
Lathyrus odoratus, 3 Moluccan ironwood, 216
Lebbek, 177 . : Moluccan sau, 173
Lens esculenta, 2 Monkeypod, 202
Lespedeza . \ ; Morama, 68 ‘ ) i
bicolor, 298 ‘ ' o Moreton Bay chestnut, 3
thunbergii, 298 ’ . Moth Bean, 11, 75-80, 307
Leucaena, 292 . Mountain immortelle, 258
leucocephala, 131-132, 134, 135, 190, Mout bean, 75
194, 297, 299, 303, 306 . Mucuna, 259-260, 270, 292
Liki, 224 ' : bennettii, 259
Lima bean, tropical, 12, 97-102 brachycarpa, 260
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novoguineensis, 252, 159-260
pruriens, 293
rostrata, 260
sloanei, 293
Mulga, 145-146
Mulungu, 258
Muninga, 221

Namnam, 4

Narra, 221, 223, 224-225, 239
Narran, 148 ’
Nedun, 214

Nongo, 179

Njugo bean, njugu mawe, nlubu,

nyimo, nzama, 47 .

Okpa otuanya, 47
Okuro, 179
Ombanui, 68
Orchid trees, 3, 243

Pachyrhizus, 10

erosus, 21-27, 306

tuberosus, 21-27
Pachyrrhizus, 21
Pahudia, 219,

rhomboidea, 220
Pais patate, 21
Palas, 245

‘Palisandre voamboana, 232

Palissandre violet, 232
Papilionoideae, 2

Papua New Guinea rosewood, 224

Panca 205
Parkia
biglobosa, 4
clappertonia, 4
Parrotsbeak, 256
Partridge wood, 3
Pau-brasil, 239
Pau santo afrlcana 232
Pavi, 92
Pearl lupin, 86
Peltogyne, 3
Peltophorum, 260-261, 270
africanum, 254, 260, 270
pterocarpum, 260—261 270271
Periandra mediterranea, 42
Pericopsis J .
angolensis, 214 oo
laxifolia, 214
~mooniana, 214-215
elata, 15, 211-215
Pernambuco, §
Phanera
corymbosa, 243
kochiana, 243
Pharao, 59
Phaseolus
aconitifolius, 75
acutifolius, 12, 92-97, 306
adenanthus, 42
calcaratus, 80
—-coccineus, 33, 42, 306

INDEX

heterophyllus, 42
inamoenus, 97
limensis, 97
lunatus, 12, 97-102, 306
multiflorus, 42 =
vulgaris, 1, 2, 52, 96, 98 100, 294
Pigeon pea, 2
Pink-and-white shower, 3, 255
Pink cedar, 195
Pinus caribaea, 195 - °*
Pithecellobium, 4 =
dulce, 4
grandifiorum, 261, 271
saman, 202
Pois sabre, 54
Pomme blanc, 38
Prairie turnip, 40
Pride of Barbados, 3, 239
Prosopis, 4, 14, 138, 153-163
affinis, 157, 161, 163
alba, 157, 161, 163, 306
chilensis, 157-158, 161, 163, 307
glandulosa, 153, 160
juliflora, 154, 160
nigra, 158, 161, 163

pallida, 158, 159, 160, 161, 163, 307

ruscifolia, 153, 160

tamarugo, vii, 1.58-160, 161, 163, 307 .

velutina, 154

Psophocarpus tetragonolobus, vii, 34,

307

Psoralea, 37-40, 44
cinerea, 37-40
esculenta 38-40, 41, 43, 367
patens, 37-40

Pterocarpus, 3, 15, 221-231, 307
angolensis, 221, 223, 225-226, 230
blancoi, 224
dalbergioides, 221, 223, 226, 247
erinaceus, 223, 227 230 :

indicus, 15, 22,1 223, 224-2125, 228,

230,239
macrocarpus, 223, 231
marsupium, 223
mildbraedii, 221
osun, 223, 230
pedatus, 221
pubescens, 224
santalinoides, 222
soyauxii, 27" 223,226, 230, 247
vidalianus, 224 '

Pueraria, 292
lobata, 42, 307
phaseoloides, 42, 293
thunbergiana, 42

. tuberosa; 39, 43

Puero, 42

Pﬁrpleheart .3

Ramtree 3; 4, 202-203, 207 209
Red bean, 80

Red cedar, 195

Red sandalwood, 223
Redwood, 226

-
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Rhizobium, 6-8, 117, 50 52,57,62, 94,

100, 121, 141, 221
Rhodesian teak, 3
Rhodesian wisteria tree, 244
Rice bean, 11-12, 80-85, 307
Robinia pseudoacac:a 297
. Rose-of-the-mountain, 245
Rose-of Venezuela, 245
Rosewoods, 3,15, 231-238,
Royal poinciana, 3, 256

Sabinea carinalis, 261, 271
Safed siris, 179
Samaan, Saman, 202

Samanea saman, 3, 4, 201, 202-203, 207,

209
Sankalu, 21 -~
Sannhemp, 272
Saraca
declinata, 262
indica, 254, 261-262, 471
palembanica, 262
thaipingensis, 262
Scarlet runner bean, 42
Schizolobium, 204-205
amazonicum, 205, 207, 209
excel.mm,204 '
parahyba, 204-205, 207, 209

J

Schotia brachypetala, 252, 262-263, 271

Seem, 59

Sena, 224 ( Y ]

Senegal ebony, 232
Senegal gum, 280
- Senegal rosewood, 227
_Sengon, 173
Serianthes minahassae, 178
Sesbania, 279, 292
aculeata, 287 -
aegyptiaca, 289
bispinosa, 273, 287- 289 290 291
cannabina, 289
formosa, 185
grandiflora, 14, 185-193, 307
paludosa, 289
seshan, 289
speciosa, 289
Shingle tree, 195
Shisham, 199
Shower trees, 246, 255-256
‘Sieva bean, 97
Smkamas, 21
Siratro, 5
Siris tree, 177 -
Sissoo, 199
Sok, soko, 261
Sophora, 239, 263, 271
gypsophila, 263
microphylla, 254, 263
secundiflora, 263
tetraptera, 263 -
~-Sorrowless tree, 261 '
°phenostyl:sstenocarpa‘ 10, 21,27-32,
307
Strongylodon
caeruleus, 264

2

luchus 264
rhacrobotrys, 254, 263-264, 272
Sturt 's desert pea, 256, 268
Stylosanthes

guianensis, 295

humilis, 5
Subclover 5
Sudan gum, 280
Sugar bean, 97
Sunnhiemp, 16,272-278 o
Sweet peas, 3 :
Swordbean, 11, 54- 59 305

Tahiti chestnut, 4
Tallow tree, 4
Tamalan, 232

. Tamami berry, 68

Tamarin, tamarindier, tamarindo, tama-

rinier, 117
Tamarind, 13, 117-122, 307
Tamarindus indica, 13, 117-122, 307
Tamarugo, vii, 158-160
Tarhui, tarh'wi, tarin, taura, 86
Tarwi, vi, 12, 86-92, 306
Tepari, 92
Tepary bean, 12, 92-97, 306
Tephrosia, 4, 292
Thamani berry, 68 T %
Thorn trees, 240
Tindalo, 220
Tipa, tipa blanca, tipu, tipuana, 205

* Tipuana tipuy 205-206, 207, 210
Tonka bean, 4°
Towe bean, 97 . ™
Townsville stylo,.5
Tracwood, 232
Trifolium
repens, 5, 304
subterraneum, 5
Trigonella foenum-graecum, 4
Trinidad flame bush, 197 ’
Tropical kudzu, 42 °
Tsi bean, tsin bean, 68
Turi, 185
Tylosema
esculentum, 11, 68-74, 307
fassoglense, 73

Umbrella thorn, 136-140
U'ula, 216
Uwowe, 179

Val, 59

Velvet bean, 293

‘Velvet tamarind, 4

Vermilion wood, 223

Vesi, 216

. Vigna, 36, 43

aconitifolia, 11, 75-80, 307
ambacensis, 37
capensis, 34
dinteri, 36
fischeri, 37

" lanceolara, 36

325
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lobatlfolza 36, 39, 44 -
lutea, 37 S
. «i'marina, 37
reticulata, 37
senegalensis, 34 '
umbellata, 11- 12 80—85 307
unguiculata, 295 -~
vexillata, 34-36, 39, 43, 44, 307
Voandzeia subterranea 10, 47-53, 307
Voandzou, 47
Vouacapoy«’z americana, 3

Wattle trees, 240

- Weeping myall, 146-148
West Afncan albizia, 180
West African locust bean, 4

/.
-

West Indian pea tree, 185
White clover, 5, 304
White siris tree, 179
Wild mung, 36
Winged bean, vii, 2, 33, 34, 35, 39, 43, 44,
307
Winter thorn, 142
Wisteria, 3
\ Woman'’s tongue tree, 177

Yam bean, 10, 21-27, 39, 306
Yeeb, ye’eb, yehib, yiib, 103

" Ye-eb, 12, 103-107, 305

Yindaik, 232
Y ori muni, 92
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Board on Science and ‘Technology for International Development
Commission on International Relations ) ‘
National Academy of Sciences-National Research Council

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

)
H

“Advisory Studies and Special Reports

Reports published by the Board on Science and Technology for International Development are
sponsored in most instances by the U.S. Agency for ‘International Development and are in-
tended for free distribution primarily to readers in developing countries. A limited number of
copies is available for distribution on a courtesy basis to readers in the United States and other
industrialized countries who have institutional affiliation with government, education, or re-
search and who have professional interest in the subject areas treated by the reports.

Single. copies of published reports listed below arg available free while ‘the supplies -last.
Requests should be made on your drganization’s letterhead. Other interested readers may buy
the reports listed here from the National Technical Information Service (NTIS) whose address
appeéars below. . ’ :

5. The Role of U.S. Engineering Schools in Development Assistance. 1976. 30 pp. Ex-
amines opportunities and constraint$ facing U.S. engineering schools in mobilizing their. re-
sources to ald developing countries. NTIS Accession No. PB 262-055. $4.50. Co

7. U.S. International Firms and R,D & E in Developing Countries. 1973. 92 pp. Discusses
aims and interests of international firms and developing-country hosts and suggests that dit-
ferences could be mitigated by sustained efforts by the firms to stréngthen local R,D & E
capabilities. NTIS Accession No. PB 222-787. $6.00.

_ 8. Fenocementf\\Applica?tiogs in Developing Countries. 1973. 89 pp. Assesses state of the
art and cites applications of particular interest to developing countries—boat-building, construc-
tion, food and water storage facilities; etc. NTIS Accession No. PB 220-825. $6.50.

14. More Water for Arid Lands: Promising Technologies and Reséarch Opportupities. 1974,
153 pp. Outlines little-known but promising -technologies %o supply dnhd-conserve water in arid
arcas. NTIS Accession No. PB 239-472, $8.00 (French-language edition is available from Qffice
of Science and Technology, Developmerl Support Btireau, Agenicy for International Develop-
ment, Washington, D.C. 20523 or through NTIS, Accessian No. PB~274-61,2. $8.00.) :

16. UnderéXploited Tropical' Plants with Promising Economic Value&[975. 187 pp. De-
scribes 36 little-known tropical plants that, with research, could betome important cash and
food -crops in the future. Includes cereals, roots and tubers, vegetables, fruits. oilseeds, forage

k plants, and others. NTIS Accession No. PB 251-656. $9.00. ;

17. The Winged Bean: A High Protein Crop for the Tropics. 1975 43“‘pp.'Describe;s,va
neglected tropical: legume from Southeas: Asia and Papua New Guinea that appears to have
promise for combatting malnutrition worldWide. NTIS Accession No. PB 243-442. $4.50. !

18. Energy for Rural Development: Renewable Resources and Altemnative Technologies for
Developing Countries. 1976. 305 pp. Examines energy technologies with power capabilities of
10-100, kilowatts at village or rural level in terms of short- and intermediate-term availability..
Identifies specific research and development efforts needed to make intermediate-term applica-
tions feasible in areas offering realistic promis¢. NTIS Accession No. PB 260-606. $11:75.
(French-language edition is availuble from Office of Energy, Development Suppeért -Buread,

<, Agency for International Development, Washington, D.C. 20523.)

19. Methane Generation from Human, Anirhal, and Agricultural Wastes. 1977. 131 pp.
Discusses means by which natural process of anerobic fermentation can ébfé controlled by man
for his benefit, and how the methane generated can be used as a fuel. NTIS Accession No. PB
276-469. $7.25. ' _

21. Making Aquatic Weeds Usefui. Some Perspectives for Developing Countries. 1976. 175
pp. Describes ways to exploit aquatic weeds for grazing, and by harvesting and processing for
usc as compost, animal feed, pulp, paper, and fuel. Also describes utilization for sewage and
industrial wastewater treatment. Examines certain plants with potential for aquaculture. NTIS
Accession No. PB 265-161. $9.00. o ' . . on

22. Guayule: An Alternative Source of Natural Rubber. 1977. 80 pp. Describes a little-
known bush that grows®wild in.deserts of North America and produces a rubber virtually
identical with that from the rubber tree. Recommends funding for guayule d‘evelopmentb NTIS:
Accession No. PB 264-170. $6.00. ' :
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33, Resource Sensing from Space: Prospects for Developing Countries. 1977. 203 pp. An
examination of current and prospective applications of interest to the LDCs, certain implica-
tions for long-term governance of a remote sensing system, and desirable technical cooperation
initiatives to diffuse user capabilities. NTIS Accession No. PB 264-171. $9.25.

25. Tropical Legumes: Eesources for the Future. 1979.

26. Leucaena: Promising Forage and Tree Crop for the-Tropics. 1977. 118 pp. Describes
Leucaena leucocephala, a little knowk Mexican plant with vigorously growing, bushy types that
produce nutritious forage and organic’ fertilizer as well as tree types that produce timber,
firewood, and pulp and paper. The plant is also useful for revegetating hillslopes and providing

. firebreaks, shade, and city beautification. NTIS Accession No. PB 268-124. §7.25.
- 29. Postharvest Food Losses in Developing Countries. 1978. 202 pp. Assesses potential and
limitations of food loss reduction efforts;, summarizes existing work and information about
losses of major food crops and fish; discusses economic and social factors involved; identifies
major areas of need; and suggests policy and program options for developing countries and
. technical assistance agencies. NTIS Accession No. PB 290-421. $9.25. '

30. U.S. Science and Technology for Development: Contributions 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 Conference on Science and Technology for Develop-

- ment. Includes an overview section plus five substantive sections as follews: 1) industrialization;

2) health, nutrition, and population; 3) food, .climate, soil, and water; 4) energy, natural re-
sources and environment; and 5) urbanization, transportation, and communication.

~

Related Publications

Other reports (prepared in cooperation with BOSTID) availéblej from the above address are:

An_International Centre for Manatee Research. 1975. 34 pp. Describes the use of the manatee,
a lafge, almost extinct, marine mammal, to clear aquatic weeds from canals. Proposes a research
laboratory to develop manatee reproduction and husbandry. Published by the National Science
Research Council of Guyana. NTIS Accession No. PB 240-244. §4.50.

Natural Products for. Sri Lanka’s Future. 1975. 53 pp. Report of a 1975 wotkshop with the
National Science Council of Sri Lanka. ldentifies neglected and unconventional plant products
that can sign:ficantly contribute to Sri Lanka’s economic development. Published by National
Scicnece Council of Sri Lanka. NTIS Accession No. PB'251-520. $5.25.

Workshop on Solar Energy for the Villages of Tanzania. 1978. 167 pp. Report of a workshop
with the Tanzania National Scientific Research Council, Dar es Salaam, Tanzania. Reviews
state-of-the-art of small-scale solar energy devices, and suggests short- and long-rangé projects
using them in villages. Published by Tanzania National Scientific Research Council. NTIS Acces-
sion No. PB 282-941. $§9.00. , : '

%
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Out-of-Print Publications ‘ & \

The following out-of-print BOSTID reports are available only from the National Te\?:hnical
Information Service unless otherwise noted. To order, send report title, NTIS Accession Num-
ber, and amount indicated. (Note: Prices are curfent for April 1979 and are subject to change
‘without notice.) Pay by NTIS Deposit Account, check, money order, or American Express ac-
count. U.S. orders without prepayment are billed within 15 days; a $5.00 charge is added. Prices
for foreign buyers are double the prices indicated below, and payment in full must be enclosed.
Send order to: : ' :

National Technical Information Service
" /Springfield, Virginia 22161, USA

1. East Pakistan Land and Water Development as Related to Agriculture. January 1971. 67
pp. Reviews World Bank proposed action program in land and water management. NTIS Acces-
sion No. PB 203-328. $5,25. ‘ '

2. The International Development Institute. July 1971. 57 pp. Endorses concept of new
science-based technical assistance agency as successor to AID; examines its character, purposes,
and functions. NTIS Accession No. PB 203-331.7§5.25.

3. Solar Energy in Developing Countries: Perspectives and Prospects. March 1972. 49 pp.
Assesses state of art, identifies promising areas for R & D, and proposes multipurpose regional
energy research institute for developing world. NTIS Accession No. PB 208-550. $§-&25‘ '
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4. Scientific and Technical Information for Developing Countries. April 1972. 80 pp. Ex-
amines problem of developing world’s access to scientific and technical information sources,
provides rationale {or assistance in this field, and suggests programs for strengthening informa-
tion infrastructure and promoting information transfer. NTIS "Accession No. PB 210-107.
$6.00. : ;

6. Research Management and Technical Entrepreneurship: A U.S. Role in Improving Skills
in Developing Countries. 1973.740 pp. Recommends initiation of a systematic program and
indicates priority elements. NT1S Accession No. PB 225-129. $4.50. .

9. Mosquito Control: Some Perspectives for Developing Countries. 1973. 63 pp. Examines
biological control alternatives to conventional pesticides; evaluates state of knowledge and
research potential of severdl approaches NTIS Accession No. PB 224-749. $6.00. o
- 10-Food Science in Developing Countries: A Selection of Unsolved Problems. 1974. 81 pp.
“Describes 42 unsolved technical problems with background information, possible approaches to
a solution, and information sources. NTIS Accession No. PB' 235-410. $6.00.

11. Aquatic Weed Management: Some Perspectives for Guyana. 1973. 44 pp. Report of
workshop with the National Science Research Council of Guyana describes new methods of
E aquatic weed control suitable for tropical developing countries. NTIS Accession No. PB
228-660. $5.25.

12. Roofing in Developing Countries: Research for New Technologies. 1974. 74 pp.
Emphasizes the need for research on low cost roofs, particularly using matenals available in
developing countries. NTIS Accession No. PB 234-503. $6.00.

13. Meeting the Challenge of Industridlization: A Feasibility Study for an International
Industrialization Institute. 1973. 133 pp. Advances concept of an independent, interdisci-
plinary research institute to illuminate new policy options confronting all nations. NTIS Agees-
sion No. PB 228-348. §7.25. , .

15. International Development Programs of the Office of the Foreign Secretary, by Harri-
son Brown and Theresa Tellez. 1973. 68 pp. History and analysis, 1963-1972; lists staft/
participants and publications. NTIS Accession No. PB 230-543. §$5.25.

20. Systems Analysis and Operations Research: A Tool for Policy and Program Planning for
Developing Countries. 1976: 98 pp. Examines utility and limitations of SA/OR methodology
for developing country application and means for acquiring indigenous capabilities: NTIS ‘Ac-
cession No. PB 251-639. $6.50.

24. Appropriate Technologies for Developing Countries. 1977. 140 pp. Examines funda-
mental issues and inter-relationships among economic, political and social factors relating to
choice ‘of technologies in developing countries. Discusses criteria of appropriateness and sug-
gests policies for improving technical decisions. (Non-LDC readers must order from Printing and
Publishing Qffice, National)Academy of Sciences, 2101 Constitufion Aye., N.-W., Washington,
D.C. 20418 USA, enclosingspayment of $6.25.) -

Other out-of-print reports (‘pl}%pared in cooperation with BOSTID) available from the National

Technical Information Service are: .

- Products fromsJojoba: A Promising"New Crop for Arid Lands. 1975. 30 pp. Describes the
chemistry of the oil- abtained from the North American desert shrub Simmiondsia chinensis.
NTIS Accession No. PB 253-126. $4.50. '

Aquatic Weed Management: Some .prospects for the Sudan and the Nile Basin. 1975. 57 pp.
Report of a 1975 workghop with the Sudanese National Council for Research. Suggests modern
and innovative methods’ for managing the water hyacinth., Published by National Council for
Research— Agricultural Research Council of Sudan. NTIS Accession Na. PB 259-990. $5.25.
Ferrocement, a Versatile Construction Material: Its Increasing Use in Asia. 1976. 106 pp.
Report of a 1974 workshop with the Asian Institute of Technology, Bangkok, Thailand. Sur-
veys applications of ferrocement technology in Asia and the Pacific Islands. Includes construc-
tion of grain silos, water tanks, roofs, and boats. Published by Asian Institute of Technology. /
NTIS Accession No. PB 261-818. $6.50. / .
International Consultation on Ipil-Ipil Research. 1978. 1972 pp. Report of a 1976 conference
sponsored with the Philippine Council for Agriculture and Reésources Research, Los Bafios,
Laguna, Philippines. Contains background papers and workshop session summary repofts on
i2p8i16ipié l(Lgucggna spp.). (Companion volume to report no. 26 above.) NTIS Accessior,v’No. PB

-161. $8.00.

~
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7

Reports in Preparation (working titles) /
BOSTID will fill requests for single copies of reports in preparation upon put}ll/cation as out-
lined at the beginning of this section. S

27. Firewood Crops: Shrub and Tree Species for Energy Production. *

"38. Microbial Processes: Promising Technologies for Developing Counpiés.
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ORDER FORM

T

Please indicate on the labels-below the names of. colleagues, institutions,’: -
libraries, etc., that might be znterested m receiving a copy af Tropical
Legumes Resources for the Future, ‘

§ -

Please return this form to:

Commission on International Relations (JH 215)

National Academy of Sciences-National Research Council
2101 Constitution Avenue é

Washington, D.C. 20418, USA
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Ao developm g countries.

hl

" : natlonal pro;ects throughout the NAS-NRC.

The National Academy of Sciences '

The National Academy of Sciences is a private, honorary society of
scholars in scientific and engineering research, dedicated to the further-
ance of science and to its use for the general welfare..

ts charter, an Act of Incorporation passed by the U.S. Congress and

sxgned by Abraham Lincoln on March 3, 1863, calls upon the Academy-

to serve as amn oﬂicml advisor to the federal govetnment, upon request

“and without fee, on-any question of science or technology. From 50

charter members, it has grown to more than 1,200 scientists and engi-

neers, elected to lifetime membership for 51gn1ﬁcant contributions to the

advancement of scignce and technology. e
Most of the activities undertaken by the Academy are carrled out
through the National Research Council.

The National Research Coun%‘"i'l

Established under charter by President Wilson in 1916, the National

Research Council (NRC) provides services to the federal government
under the aegis of the National Academy of Sciences, the National
Academy of Engineering, and the Institute of Medicine. For its advisory
services to government agencies and the Congress, the NRC comple-
ments Academy membership by drawing, as need‘&d,‘on a wide cross
section of the. nation’s leading scientists, scholars, and members of the
various professions. '

The Commission on International Relations

* Commissions of the NRC, through boards and advisory committees,
conduct studies, arrange conferences, and recommend and initiate pro-
grams. The Comnfission on International Relations . is responsible for
many of the international activities of the Academy and the Research

Council. Its primary objectives.are to enhanee U.S. scientific cooperation’

with other countries; to-mobilize the U.S. s,cijentiﬁc community for
technical assistance to developing nations; and to coordinate irter-

4 .

The Board on Smence and Technology for Internahonal
Development ~ . /

<

. The Board on Sc1ence and Technology for International Development
(BOSTID) addresses a range of issues atising from the ways in which
science and technology in developing countries. can stimulate and
complement the complex processes of social and economic develop-

~.ment. It oversees a broad program of bilateral workshops with SC1ent1ﬁc
-organizations in developing countries and conducts studies of general

interest such as those listed in £he previous pages BOSTID’s Advisory

“Committee on Technology Innovation publishes topical reviews of

technical processes and blologlcal resources of potenhal 1mportance
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