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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 clsewhere; 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 widespl%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 ara now extremely
expensive [or 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:

.o 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 respornded and, at the same time,
nominated an additional 250 species for cfmsidmation. Furthermore, as the
*In the cases of some tree legumes described in the timber and ornamentals sections it is
not yet knoewn il they have cither the root nodules or the bacteria necessary for this
nitrogen “fixation” process. ’
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gtudy 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 expenence 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 satlsfy certain general criteria, the most important of which

) were-

. Enr

e Its potent1al to help improve the quality of life in developmg countries:
o The lack of recognition of its potential; and
e [ts need for greater attention from researchers and farmers, and for
increased, investment by orgamzatlons 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. c
~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 mutabzlzs) 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 it

N

o




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 agreed 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 promjse for developing countries. In each study, distin-
~guished scientists pool their experience and knowledge and direct their rec-
~-ommendations to decrsno\n makers. Prevrous publicationst dealing with-
legumes are: g
e The Winged Bean:. A High Protein Crop for the Tropics
_e Leucaena leucocephala: New Forage and Tree Crop for the Tropics

'y ) Underefploited Tropical P(ants with- Promising E conOmic Value
. 5

. [Thrs last bool\ descnbes 36 species and includes discussion of five legumes:

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

3 "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 areas, 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. Setljatr Sastra--
pradja were provided by The Asra Foundation. o

The panel is indebted 'to Professor Sheldon Whitney of the Maul Branch
Statron,x Hawaii Agricultural Exheriment Statlon Kula, Maui, Hawaii, who
' made alEarrangements for its meetipg. - ~ :

Without the hundreds of articles) books and data bank searches obtained -
by the s,laff of the NAS Library this s udy could not have been accomplished. -
The patfel gratefully acknowledges thﬂ\_mvaluable help of James Olsen (hy/

s

, *Although legumes are easily drstlngulshed from lother plant types, mar(y are not easily
differentiated from closely related species w1th1n\the family. This; Aeads 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 should carefully note the synonymous
names listed with each.chapter. Many older references w\ll use these synonyms.

tFor mformatron on how’to order these and other reporfs, see page 329.
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librarizm), Celine Alvey, and Mary Jane Cochrane. Thanks are alsb_due Pro-
fessor J. P. M. Brenan and Dr. Bernard Verdcourt of-the Royal Botanic Gar-
dens, Kew, for ¢hecking 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 Ervthrina poepprgzana 4
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, JH2'15, Washington, D.C. 204J]8, USA. Suggestions and information
h(}m readers db()Lgll species not covered in this volume will be wdcome :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 near future. In developing countries especially, cultivation of legumes is

“othe bekt 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 legume§species, 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 ‘ ot

, Caesalpmlmdeae About 2,800 species, mainly trees of the tFOplcal sa-
- vannas and forests of Afrlca 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_’apilionoi(ieae (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
thin; 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 animal 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
Amenca (especially the common bean, Phaseolus vulgaris), on the Indian
subcontinent (especially léntils, Lens esculenta; pigeon ipeas, Cajanus cajan;,
and chick-peas, Cicer arietinum), and the Far East (especially soybeans).
~ There is a chronic prgem deficiency in virtually every developmg coun-
try. The “Gréen Revolution” has not increased the yields of pulses; indeed
its emphas1s on cereals has often led to decreased legume production. Only
a 81m11ar 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-efﬁcxent prospect than boosting the supply of animal
protein. Pulses are leadmg candidates, since they contain more protein than

*Sometimes tréated as full ‘families: Caesalpiniaceae, M1mosaceae and Fabaceae (also
. known as Paplhonaceae) :



b

INTRODUCTION AND SUMMARY

almost any other plant pr()duu ‘Many have protein conterfts between 20 and
40 percent. A few range bquLn 40 and 60 percent. "ﬂ]/
food legumes throughout the \\‘>prld should be encouraged.

Legumes offer a variety of\ gdlble products in addmon 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 vegetdblg Although they have\less protein-than the mature seed, they
are rich in vitamins and soluble Ld(boh\ydrale

Leaves of leguminous plants are eatén in some e parts ot the world, pmmu-
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 llmt they occur as
vines, shrubs, and even as forest trees. .

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 (Lathyrés 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 (Erythring crista-galli), and the raintree
(Samanea saman). v L

Some beautiful leguminous timbers (camwood from 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, (,mbour{m 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 shellau 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 scerit to
tobacco and foods, but recent concerns over the nutritional safety of cou-
marin, the active ingredient in the bgan, have caused L}mtmdu s demise. The
stxongly scented %CLdS 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 1o 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, particularly of the genera Hyvmenaeq and Copaifera. A number of-legu-
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 Copuaifera
species, is an ingredient still used in cough medlcmes and other preparations.

Many processed foods, for example mayommse and ice cream, contain
gums from legumes such as Acaua,genegal (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 mearnsu 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 legumes 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:;vzilued than s'pices,fit was a major
reason for establishing Portuguese, Dutch, and British colonies.in India.*

In 1638 logwabdd (Haematoxylon campechianum), 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.
Medlcal pathologists use it even today.

In South America, Portuguese traders found a small 1egum1nous tree,
Caesalpmw 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

I

Nitrogen,&xatlon .

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

';mtrogen 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 rnaintaining soil

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

E1-

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

’w1de_ than do fertilizers. In /Austraha, the fertility 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

[subterraneum (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 white clover, Trifolium repens) is the basis for

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

*Afncan or Yoruba indigo, still in widespread use for dyelng local prmts in West Africa,
is obtained from the.leguminous tree Lonchocarpus cyanescens.

tNational Academy of Sciences. 1977. Leucaena Promlsmg Forage and Tree Crop for
the T)'optcs 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 RAizohion. 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 prote?n, vitamins, and ‘other nitrogen-containing com-
pounds, ' |

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

I
11,

Nodules on a legume root: (Rodale Press)
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A legunte rpot nodule opened to \pos ¢ the dense mass Qf nitrogen-fixing bacteria inside. . a
(W. J. Brill)

Most; but not all; legumes fix nitrogen. A_llhough 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 percent
of Caesalpmloldeac species bear nodules )

Inoculation - ? i .

Legummous plants only grow wgorously if they have func tlonmg noduies
and this depends on their roots encountering appropriate Rhizobium stframs
iy the soil. There are differences among Rhizobium. strains. Some cannot”
mfcct the pam culardegume bemo grown; some mvadc the roots but bring no—

o hd
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beneﬁt to;;thedrost 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 ‘species 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 drfferent 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 prevrously supported a crop using-a compatible Rhizobium
strain, Luckrly, this is a common situation, accounting for the wtdespread
success in introduging leguminous plants tonew regions.

For the major/ legume-crops, appropriate strains of Rhizobium have been
1dent1ﬁed cultur_es are available either commercially or from research institu-
tions. )f'he* 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 unmedrately

§

Legumes and the 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 increases'and shortages of energy and fertilizer, tech-

niques that can increase food production without expending 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 explortatron of nonrenewable energy
resources . : ' ’

Atmosphenc nltrogen is formed of twin atoms very tightly bound. It

|

requires much energy to break them apart_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 prrces nsrng and gas production declining, fertilizer prices must'
increase. : : .
The huge increase in fertilizernitrogen costs in developing countries has
perhaps been the most insidious effect of the recent energy crisis. A metric
ton of ,fertilize‘r'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. e ¢

E

- Legumes and Developing Countries

“—Malnutrition is usually prevalent where too few different plant fogds are
available. Animal prote Vis seldom affordable for the diets of the poor
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 proteln 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 apd 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). Ther-é'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 crops 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 diseases, “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 humah 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 pmduced (Page 54. )

| Lablab Bean - (Lablab purpureus). One of the most ﬁfo‘}iﬁcof 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 underexplolted source of
human food. (Page 59.)

Marama Bean (7Tylosema esculentum). Although it is a wild plant not pre-
viously cultivated, the plant’s-seeds have more protein than thé 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 nutrltlous (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 margmal 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/é crop for tropical temperatures,
tarwi has its native habitat in the high Andes straddling the equator. It is a
vigorously. 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 acunfolzus) Although httle 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. hlghly 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 (Cefatoni'a 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 mdustnal 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
“threughout the tropics. Though in commercial demand for centuries, with its
—products iow exported by Trdia all over the world ‘the tamarind rémains a
largely umrﬂproved 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 ex_amples- 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\hvesi%programs in the future. This chapter
presents some promising spemes —others awa“ﬂ‘ mscovery and exp101tat10n
i (Page 123))

Acacm r‘\rﬂlts "This thomny, ﬂat topped bush is one, of _the,most dr, ught

v toierant trees of sermand hreas\of Afnca and the Mlddle East. Althoug(ll now
“seldom cultivated, it could become “an extremely useful species for semiarid
~1areas worldwide, for it produces pods at a. rapldnaieﬂtat;am_eagejly snapped
- up by livestock and wildlife alike. It also stabilizes soil, refores?(\aﬂd hill-
f slopes and provides Jumber and excellent ﬁrewood (Page 136 .)

~ Other F orage Acacias. Species of ‘Acacia are 1mportant as reserve fodder 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 eros1on (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

D 3

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.) T o :

__Fer adgﬁmnal 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

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

Fast-Growing Trees

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 theéyy/ood is suitable for pulp and paper products A
fast-growing species that deserve?s, much increased testing, especially in trop-
ical savanna areas w1th long dry seasons and poor soils. (Page 165.)

Mt jﬂb 1d/Sp‘eéles g;ﬂe‘cﬁeﬂ f‘tﬁe gtéﬁ'us Albizia are distm'guished from Aecacia
by small differences in floral structure. But whereas—as this report amply
“demonstrates—acacias 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 {PPOdwmwaS /wrellyas others: that grow’ fiore §168 (v(rl “and 'p’r’o il’c(e/ (hjgh 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 rand paper, and green manure. It is also.used
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as a shade tree, ornamental, nurse crop, and living fernce. 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 Fast-Growing
colonize newly cleared

need for reforestation, erosion controg ﬁrewood and paper, as well as other
wood products in develogmg countries, many such leguminous trees are worth
widespread testing, Thﬁ” chapter hlghhghts nine exceptlonal candldate& ‘(Page
193)) ‘ . 4 .

For additional ekamples 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 ~ Page 260 .
Pithecellobium grandiﬂomm Page 261
 Prosopis Spec;.es .~ Page 153

Luxury Timbers

Afrormosia (Perzcops:s 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
W U,[gmnked Little is yet known about growth rates or general silviculture of this
promising species. Other Pterocarpus species are native th:oughout 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 spe01es 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 '
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trees that are being harvested to commeﬁclal 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 environment. In this
_process, plants carefully chosen and posxtloned and well cultivated play an
important role. This chapter describes some beautiful leguminous species that
should be far more widely known and more extenswbly plantcd (Page 239.)

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

: Acacza aurzcullformts\ Page 165

Acacia pen&u{ ) . 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 Spec:les Page 221
-Raintree . ~ - - Page 202
Rosewoods - Page 231
. Schizolobium parahyba  Page 204
Sesbania grar_zdif[o_ra - Page 185
 Tipuaha: “n‘pu‘~ N L

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
cultlvatlon (Page 272.)

-, Gums.- Many legumes produce"copion"qua.ntitries 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 toglay they are in great demand by food andcosmettcs indus-
tries. -Several species with excep“uonafpronuse as gum Crops are hlghhghted "
in this chapter. (Page 278.) | 4



' I’NTRODIyﬁON AND SUMMARY - o 17

Fo";:,,;edditional 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.)
L ‘ b
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| Root Crops

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
rhizobia 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. Pachyrhzzus 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-

memnammans JJOIAEAE.
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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 apparently little known in Asia, Atrica,
Oceania, and most parts of Central America. - ,

" The two species differ only in size: P iubc’m.x‘zyzx produces much larger

roots (some botanists have speculated that it is perhaps only a variety of P

crosus 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, central Mexico, (C A, Schroeder)

- I _,\. _—-

drought but are sensitive 1o frost. As with other root crops. the soil should be
eht and well dramed so as not to restrict tuber growth or encourage fungal
tot. The plants are cusily 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 to 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'(r)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 Intormation supplied by J.A. Laborde C. 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: bacteridl 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.
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“roots are somietimes attacked by boring insects. Sforing 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 h1gh 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

2

| eftilesearch_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,rhagﬁs quality; it
seems likely that types with ekceptional 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 contro]led
temperature and humidity at a modern seed bank (perhaps at the Centro
Internacional de Agricultura Fropical 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

'througdout the hemlsphere T e ' * : ..
" Yam beans deserve to be more w1de1y 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. Informatlon 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 Mex1co See Research Contacts '

»
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New World agronomists should also investigate Pachyrhizus species other

than P. erosus and P. tuberosus. It 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 thitker epiderm.

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

Se‘lfected Re'ac?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, eds., J. . Knott and J. R. Deanon, Jr., pp. 301-305.
University of the Philippines, College of Agriculture, Los Banos, Laguna, Philippinces.

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

Clausen, R. T. 1944. 4 Botanical Study of the Yam B()am {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 quahty 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 Soczet\ for HOI[ICZ(/IUI‘(’ Sczence Tropical Region .
15:146-150. 4

Kay. D. E. 1973. Root Crops. Tropical Products Institute, 56/62 Gray’s Inn Road,
London WCI1X 8LU, England. pp. 240-245.

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

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

Schroeder, C. A. 1967. The jicama, a root crop from Mexico. Proceedmgs of the Amer-
ican Society for Horticulture Science, Tropical chvon 11:65-71. (Reprints available -
from the author, see address below.)

" Sinha, R. P., R. Prakash, and M. I'. Haque. 1977. (:enctlc 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. l}i the
plains of Ultar Pradesh. /ndian Farming 23(9):32. ’
The Tropical Grain Legume Bulletin often contains short articles.and abstracts: on yam
beans. The Bulletin is available from the Internatlonal Grain Legume Informatlon
Centre (see address below). v ey,
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Research Contacts '

¥

Yam bean secds (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. Cali, Colombia (R.
A. Luse and L. P. Song)

Dcpdrtment of Brology, Untversity of California at Los Angeles, Los Angeles, California
90024, USA (Chuarles A. Schroeder) _

Department of Botany, University of the Philippines at Los Baros, 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))

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

Mayaguez Institute ofTropttal Agrlculture, 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)

NifTAL Project, University of Hawaii, P.QO. Box "0, Paia, Hawai 96779, USA (S.
Whitney and P. Woomer)

Dlawmdt Thwnmmmay AarmA (N ores Do
riant l dXOIIOLLY LclUUIdlUl)’, fldl]l UCIIC:LI&S dilld oI e

land 20705, USA €James A. Duke, Chief)
Dr. M. R. Vﬂlanueva 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 nothing 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 roots (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 ornamfcntal. The plant is _fp,uﬁd

*Sphenostylis stenocarpa (Hochst. ex A. Rich.) Harms.-Known in Nx{rta 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 compnse 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. A
| “=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.)

*Evans and Boulter. 1975.
**Okigbo (see Research Contacts). Private communi-

cation.
K tBusson. 196S5.

It would seem that, with research, ‘the African yam bean may yleld as

6

oy o

. 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.

AR

leltatlons

But it is the below-ground yield that is of greatest immediate interest. The
spindle- shaped tubers are often small (5-7.5 ¢m long, weighing 50- 300 g).
Their white flesh is eaten raw or cooked like potato, which it resembles in

 taste. But whereas common potato varietigs’ ‘average 5 percent. protem tubers
- of the African yam bean vary from 11 to " 19 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
' uptoOSkgperplant’r ‘

“The plant can be propagated both by seed or by tuber [

A];hough 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 ng_ena suggest that the plant grows and yields
tubers satisfactorily even when unsupported.} -

*Both measured on a dry weigbt basis, to eliminate moisture differences between samples. '
tInformation supplied by B. N. Okigbo. See Research Contacts.

, $Information supplied by K. O. Rachije. See Research Contacts.
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\
iyam bean tuber. (International Grain Legume (‘entrc,\lbadan, Nigeria)

Africa
\

\

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 known 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 commjtment to research is
J essentlal 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 opportumtles\

for genetic improvement (part1cularly for 1ncreasmg tuber-size) thus remain -

‘untapped. ~ R .
; - 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 vah: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 plantmg, cultlvatmg, pest\@d disease control, and
harvesting. : :

- Although little is knownﬁbout the plant’s enwronmental tolerances, it is
recommended for small-scale trial cultlvatlon 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

Busson, F., P. Jaeger, P. Lunnen, and M. Pinta. 1965. Plantes -Alimentaires de I'Ouest
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

,OfFood and Agriculture 25:919-922.

Evans, I. M., D. Boulter, A. R. J. Eaglesham, and P. I. Dart. 1977. Protein content and
protein quallty 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 Instrtute 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 X .

) 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

- '*"""';»lntematronal Grain Legume Information Centre, lnternatronal Institute of Troprcal

. ' Agriculture, P.M. B. 5320, Ibadan, Nigeria (E. N. O. Adimorah, Documentalist)

. -S.N. Lyonga, P.M.B. 2§, Buea, Cameroqn

©BeNG Okrgbo, Deputy Drrector General International Institute of Tropical Agriculture,

. P.M.B. 5320, Ibadan, Nigeria
“"K 0. Rachie, The Rockefeller Foundation, 1133 Avenue of the Ameneas, New York

- New- York 10036, USA

Other Root Crops

& .
@ . - \
~

Many legumes that produce edrble tubers grow in the humid troprcs 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 providé useful, edible products in srtuatrons 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 humid tropical lowlands. Nutritionally they
provide energy and some minerals, but are seriously deficient inprotein. This
lack has tragic consequences, espe’cial]y for weanling children. The abrupt
change from breast milk tokroot crops and other starchy staples deprives them
of the protein needed for developing brains and bodies to their fullest and
healthiest potential. _ Sy ~’|

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

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

f into estabhshed root-crop dlets tubers that are miich more nutntlous
habltats * Many are decreasmg in use because newly mtroduced r{oot crops—

'''' —the beneficiaries of much research —are more easily cultrvated and more pro-
ductive. The legumes’ protein contributions are bemg drsplaced 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 thow protein contents at least
double that of standard varieties of potato and sweet potato (see page 39).
‘The winged bean has tubers with 4 10 times the protein of conventional root
crops. : -

Literature reports (mostlyaﬂthropologlcal) suggest that the tubers are not
- toxic and that, though they may be fibrous, r;tost are tiot acnd Or un-
-palatable. , ‘

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

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

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

r

*Thls 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 mulnpurpose 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 o
Central American Indians. o
T/All species mentioned in this chapter belon’to the subfamﬂy Paplhonordeae A |

H .
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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.t 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 v‘ege‘t“able "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 '
®is neither acrid nor fibrous. As tradltlonally 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 bean-tubers average 20 percent.
A/—%berﬁéfdf eﬁlTl',valent to over 11,000 kg per ha\have been measured in
hlg,hland village 7glots in Papua New ‘Guinea. i

o Vigna vexi}lata

A twm1 g vine or prostrate- herb, the WLdely dlstrlbuted Vigna velelata§

is found n tropical Africa, Asia, and Australia. It produces large, 1h1ckened,/
ed ble tubers. 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 " pubhshed But it could becOme a valuab‘Ie! vegetable in areas where the

other slowly matunng root crops. It couldoalso 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 scarcity;. 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. , _ R
~ $Khan, Bohn, and Stevenson. 1977. ' ' )
§ Vigna vexillata (L.) A. Rich. The plant has been classified under at least 15 different
l():(})‘tanlc names including Vigna capensis auctt. non (L ) Walp and Vlgna senegalensi A,
ev VA 5T A B ) 2 7 i
ough this plant appears to have the charactenstlcs of Vzgna velelata it has not yet

- beén formally classified by taxonomists. (Information supphed by N.'B. Bymes and
- C. Dunlop. See Research Contacts.)
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Winged bean tubery in a roadside market, Mt. Tagen, 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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at are very infertile. It is a traditional and highly prized

and*ahtmmous s01ls
/ In-Asia, Vzgna velelata (known as “wﬂd 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 ploneers for sterile land.- They cover the ground

Although several other species of the gemus jVf/\i;iﬁizz‘‘fumish edible tuberous
roots, little is'known about any of them, and we can present little more than,

/ the following brlef list.

Vigna ‘lanceolata Benth. A perennial legufne that grows in alluvi" areas
throughout tropical and subtroplcal Austraha The sweet, mealy, parsnip-like

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

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

- Vigna lo’batzfolia 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\avhlch
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 protem 15 percent . This
is a plant whose ¢ ltlvanon seems worth attempting. :

© *Chandel, Arora, and 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 relished 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 o |

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 Flemingia vestita. {R.K. Arora)

flavor and texture. Tubers of Psoralea patens contain 5 pe'fcem protein, and
those of Psoralea cinerea 5-7 percent protein (dry weight). Both deserve re-
search: Germ plasm should be collected 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 tribcé‘,
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 f 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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AN flgures are’ based ondry wexght and represent crude protein content anures for -
th"a conventlonal root crops are those of the cultnvars in common use.
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The prairie turﬁip, Psoralea escdlenta.‘(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.f -

Although the plant w111I grow on marginal soils, it is difficult to propagatg
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 americanati
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 ofOffzczalAgn
cultural Chemzsts 21:648-665.

1Apzos americana Medikus. Also called Apios tuberosa Moench or Glycine apzos

O B e
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Tubers of Apios americana. (N.D. Vietmeyer)

The tubers are perennial and can be harvested at any season as an emer-
gency food supply. The Pilgrims in New England survived their. first 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 Florida.) They cer-
tainly deserve turther testing in subtropical zones.
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~— —— _The plant has been so neglected that little is known about the compositiof:
‘ and nutritive quahty 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* consaderanon Apios priceana,} the only other
North American species, produces a large single tuber that is edible, but the
plant is so rare that it is classﬁ“led as an endangered species. Apios fortunezi‘ is
already cultivated in some remote areas of China, Japan, and Talwan but no

mvestlgatlon of its cultivation has yet been reporteq.

-

Miscellaneous

% O"t\-her‘\legumes with edible tubers include: . ", LT e

Perzandra mcdzterranea (Vell») Taub. A sweet- tastmg root used as a sub
’stltute for licorice, common in Central Brazil. . |

Phaswlus 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 Ohwi (formerly Puerarza thunbergzana) Kudzu. Starch o

"~ extracted from the tuberous roots (whlch can be 2 m long and weigh 30 Kg)
~in Japan is now sold as a health food wdrldwide. This exceptlonally vigorous
-~ vine has become a major weed in southegstern United States. ’
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

'.*Yanovsky, E., and R. M. ngsbury 1938 Joumal of the Association of Ofﬁczal Agrz- )
cultural Chemtsts 21:648-665. S - !
tApios priceana Robinson. v ; e e e ‘
1A pzos fortunez Maxinowicz.  * o L RE

o

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

A

\

. 4
Pueraria tuberosa. Indian 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 yields up to 7.5 t per

ha have been reported *
' )

Selected Readings

Winged Bean ’ : R

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

Khan, T. N, J. C. Bohn, and R. A. Stevenson. leged 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, I. 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 Oflndld Lconormc 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 Wealrh of India: Raw Materials, Vol. 8. Council for Smentific and

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

@
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Apios americana | _ e

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 Erzosema (DC) Desv.
(Papilionaceae). Bulletin du Jardin Botamque Natlonal de Belg1que/Na tionale Planten-
tiun Van Belgie 43: 17 32. i

aQ

Research -Contacts

>

Winged Bean

: Lists 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 Indooroopllly, Queensland 4068
Australia

C. Dunlop, Scientific Service D1V1s1on (Botany), Animal Industry and Agriculture D1v1-
sion, P.O. Box 5150, Darwin, Northern 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 Rockefeller Foundation, 1133 Avenue of the Americas, New York?
New York 10036, USA , , i

i
o .
- g f

/
) E U /

Vigna Iobanfoha f . /‘

* M. A. N. Muller Offlcer-m-charge, South West AfTica Herbanum, anatef Bag 13184,
T 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 Sc1ent1ﬁc and Indus-

trial Research, Sclentla P O 395, Pretoria 0001, South Africa °

;-“

Flemingia vestita

National Bureau of Plant Genetlc Resources, Indian Agricultural Research Instltute New
Delhi 110012, India (R. K. Arora and 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, Umver51ty of Massachusetts/Boston Boston,
Massachusetts 02125, USA . ~

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

R. T. Mohlenbrock, Department of Botany, Southern Illmoxs Umversny, Garbondale
[llinois 62901, USA
J. A. E., Seabrook, Department of Biology, Umversny of New Brunswick, Fredericton,
‘ New Brunswick, Canada E3B 5A3 :

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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Bambara groundnut, Voandzeia subterranefi. (Agriculture Rescarch 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

®
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néar Timbuktu on the ‘Sahara Desert’s southern fringe.) Thus the bambara
| grc')undnut is a legume Prticularly smted 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 grounénut tolerates (some tesearchers say “préfers™) poor
soils. On worn-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 d.reputation for resisting pests and diseases. It is less sus-
ceptible to dlseas«Js than peanuts, perhaps because it has been grown only, in
- isolated, backyard gardens in mixed- cultlvatlon 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
cowpe,as and beans whose pods remam in the air. Rodents and crlckets may
4 damage the plant however ‘
Though widely assumed to be a 1ow ylelder there is substantial evidence
Jf_'to 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 cultlvar .typet The timing of harvest is less criticalthan with peanuts;
bambara groundnuts can be haryested early or late .w1thoqt 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
T 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 (nutrltmnally an-essential amino acid) than is found in other gram
legumes. x B
© . The plant is also useful in, crop\rot\ations fo=r it contnbutes mtrogen to the
soﬂ which benefits subsequent crops.
In summary,” this“is a nutritious, rl&e{&ﬁ’ht for growing where other
. crops do poorly—in hot disease-laden regions-where soil fert1hty apd rainfall
patt’erns are’ varlable
‘ o \"-i\ B
‘-~*Apparently the quoted ylelds reﬂect low-dens1ty Qopulatlons because Afncah farmers
- intercrop bambara gfoundnut 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>_-.
Jrnghest 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 cowpea, the bambara groundnut nodulates freely, but spemﬁc
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 ,planted 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 hard‘soil crust. Loose soiis 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 nutritious 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 that“ idividual ‘cultivars are not in thesaselves very adapt-
able. High-yielding types 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
' ensilre 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- cultlvatlon. They have only very localized distribution. Cultivars that

......
-

~ *See Research Contacts : v -
'{'Informatlon supphed by R. V. Bllhngton See Research 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 havesa trailing habit; the better selected
cultivars are self-standing, which facilitates cultivation and harvesting.

Collecting and comparing bambara groundnut germ plasm trom 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 Advamement 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. [t 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 infensive pean ut
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

" - resernble 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
- quantlty (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.

Selected 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. 5. 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 Przkladnoz

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

!
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A Karikari, S. K. 1971. Economic unportance 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 Pro-
ceedings of the Symposium on Grain [egumes, pp. 119- 126. University of Ghana and 2

the Council for Scientific and Industrial Research Accra, Ghana.

Masefield, G. B.;*S. G. Harrison, and M. Wallis,_ 1969 Oxfora"’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, Un1vers1ty of Florida, Gamesvﬂle (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

Informanon Centre (see address below)
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Agncultural Resedrch Instltute Ukmguru PO Box 1433, Mwanza, Tanzania (Mrs. M. A.

--Mussa).
R. V. Billington, 14 Cassiobjiry.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-

UH. 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 K
F. O. C. Ezedinma, Department of Crop Science, Umversrty of Nigeria, Nsukka, N1gena
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 Agrorniomiques Tropicales et des Cultures Vivrieres, 110 )

rue de I’Universite, 75007 Paris, France

lnstltute for Crops and Pastures Private Bag X116 Pretoria 0001, South Africa (J W/I

Snyman)

Institute of Agncultural Research, Samaru, Zaria, ngena (Ono Leleji and C. Harkness)

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

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

B. L. Lartey, Food Research Instrtute PO Box M20, Mmlstry 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. McCloud, Department of Agronomy, Umversrty of Flonda, Gamesvﬂle ~

' Florida 32601, USA
NifTAL Project; University of Hawaii, P.O. Box “0O”, Paia, Hawau 96790 USA (S.
Whitney and P. Woomet) :
B. N. Okigbo, Internatmnal Instltute of Troprcal Agnculture P.M.B. 5320 Ibadan
Nigeria

e Informatron Centre, Internatronal Institute of Tropical Agri- -




J ackbean and Swordbean

[

" These- twb tbhust high-yielding, closely related species* produce nntri-
‘tious pods and high-protein _seeds. They are capable of providing food in

LI
Y

margmal areas where other pulses fail and they can provide a plentiful green

‘manure and fnmop vA]fhmlah thpv are n]rpndv \mdplv Patpn_pqrhmﬂqrh/ in

vt Lwil

Asia—their full potent1a1 is hmlted by growth-mhlbltlng proteins that must be
carefully detoxified before the seeds are edible.

Yet these plants, growing under- extremely difficult condmons offer a

; means for extending protein productlon to marginal areas, particularly to
tropical lowlands with depleted soLLs afjyto 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
regions of Arizona and Mexico in ancient tlmes —seeds as much as ¥,000 years
old have been found by archaeologists. The' swordbean is of prehistoric Old’
World origin and is widely cult1vated in the hum1d tropics of Africa and A31a -

» especially in India.

Both plants produce flat, straight, scumtar shaped pods that are among the
- largest of any dornestlcated 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
. coler. '

“« The hardiness of these plants is shown by the range of conditions under
which they can be cultlvated. ‘
@‘

e Temperature. Jackbean has been grown successfully where average an-:

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

: *J ackbean: Canavalz'a ensiformis (L.) DC., also..kn_'@wn as horsebean, g‘otani,bean, féve
Jacques, pois sabre. Swordbean: "Canavalia <gladiata (Jacq.) DC. Subfamily:
Papilionoideae. o : ) ‘ R

- - - 8,

~ - osa
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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 gets frostbitten, the beans themselves remain
unaffected. ¥

e Rainfall. The jackbean has been reported to grow well where rainfall is
as high as 4,200 mm 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. “ -

e 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 beans are highly productive pulse crops and on fertile soils their yields
equal those of cowpeas. Production as h1gh as 4,600 kg of dry seed per ha has
been recorded in expenmentsﬁra remarkable yield—but througholt 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

N
*lnlormdtlon supplicd by K. O. Raclue Sce Research Contacts. ™
“FHedrick, U. P, Ed. 1919. Sturrel'anr s Notes on Edible Plants. J. B. Lyon Company,
State Printers, 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) -

é

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, coconut, 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 mimics an antlbody As such, it ag-
gulinates certam viruses and spermatozoa, as well as normal, embryonic, and

- —tr&nsfermed cells:- Recently, Con.A has been used by biochemists to isolate

“blood group substances (mltmunoglob%hns and.glycoprotein), thus becoming

an. Jimportant tool in medical analysis. There is now specula}lon that Con A is

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

microorganis# infections.* Jackbean and swordbean tox1cxtyv?§eems 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 extracted from jackbeans and swordbeans is used also in
L “;ﬂ'alytxcal laboratories, It converts urea into carbon dioxide, water, and am-
- ionia 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}.;zst[ams that are found'almeost 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 usecof jackbeans and swordbeans is also limited by local food pref-
erences. The cooked seeds have little flavor and a coarse, mealy texture.

""‘Research Needs ™ - | 7 o

| There has been little agronomlc deveIOpmeﬁt 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 screemng for

—types free of Con A and other toxic constituents. ;

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 Guatemnala have sho,gn that jackbean protein can be isolated in

&
s

. ’ a - | I
*It seems possible also that the presence of such lectins in a plant root canbe detected
by Rhizobium bacteria, Wthh use 1t as a SIgnal 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 de5p1te their limitations, there is

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

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

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

e Se]ected Rveadmgs - .‘,_ o e e

the. yyelfare of those who alteady grow the beans and would lay the ground-
work essentlal for capitalizing on low-tox1c1ty cultivars as they beconre avzul
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
African cul tigen, is probably ‘extinct.* Botanists in Peru and West Africa are
alerted to ‘4he importance of searching for these plants and preserving their
germ plasm.B A | -

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 nitrogenous constl-
tuents from the jack bean (Canavalia ensiformis). Journal of Agricultural and Food
Chemistry 22:309-312. .

Molina, M. R,, and R. Bressani. 1974. 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 Cr chotyledons] John Wiley and Sons, New York.
‘pp. 242-244, j

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

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

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

anavalia beans in American prehiStory Amen’can An-

L

b

Research Con tacts : . ‘\

’ I J Go]ds in, Department of Biological Ch\emlstry, Umvers:ty of M’lchlgan Ann Arbor, -

Mlchrg 48104, USA (Biochemical studiey)

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 y Panama - INCAP, Apartado Postal 1188.
Carretera Roosevelt Zona 11, Guatemala City, Guatemala Central America (R. Bres-
sani and M. R. Molina) g

. E. Liener, Department of Biochemistry, College of Biological Sciences, Umver51ty of
Minnesota, St. Paul, Minneséta 55101, USA (Tox1cologlca1 studies)

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

Legume Improvement Programme, Agriculture Faculty, University of Papua NL\& 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 “0”, Paia, Maui, Hawaii 96790, USA

K. O. Rachie, The Rockefeller Foundation, 1133 Avenuc 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 Geography, University of Agriculture,

' 37 General 'oulkesweg, 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 potenml 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, Egyptiah bean, Indian bean,
hyacinth bean, pharao, lubia bean, seem, #d val. Subtamily: Papilionoideac.

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 lofig, 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 wealth of

different products and uses. .

Food = b

il
i

o Young pods make an excellent table vegetable. g

e 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
Lhummlly wmpamblc to almlia though less digestible. It also makes good
silage. :
o Incorporating this crop’into, grass pastures improves the quality, palat-
ability, and digestibility of the pasture. -

§

Miscellaneous Uses

e 1t makes excellent gnedn manure .-

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

e [t 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 2 good cover crop in coffee and coconut plantations, fruit
. orchards, etc. ~ _

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

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
‘usgd 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: S =




g

Adaptabr]rty

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

LADLAD DLAIN ) R . - X N Ui

e Pods drffenng in srze shape texture or color (green, wlnte purple for
example);

e Seeds differing in size, shape Wor (white, yellow black and red-
_ purple), and attachment within the pod; -

o Flowers differing in abundance fragrance c0rolla size- or penduncle
‘length, and co»lor . T T

sensrtrvrty, ﬂowermg time, maturatron trme dlsease and pest- resrstanee ‘and
seed Jviability). ~

Desplte the wealth of available germ plasm, only a handful of registered
commercial variéties 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 dlfferent areas and under d1verse conditions. There are “varieties :
for:t P

V

3

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

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

the onset of frosts in the fall);

e Lowlands and highlands (it is grown w1de1y up t6 2,100 m altltude in
‘the New Guinea highlands); :

~» 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 alkalme ’

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

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

agriculture;and ¢ | : —

- o Field agriculture and ‘home garde s (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

Cult%Asm since anc1ent trrnes the lablab bean plant Tooks-a little

)-hke cowpea its stems are strongdr and more fibrous, and’it is more

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

. [
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reportuf”to produce twice the herbage ot cowpea. [n cooler climates the plant.
dies at the end of the growing season, but in the tropics it will persist for 2 or
3 years, though, unless ample moisture”is 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 easily. It is drought tolerant, byt good soil moisture
is needed to get the crop establizhylts dense growth sulfocates most weeds:
in most cases it will propagate self-seeding, especially if the soil is reculti-
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-fed<conditjons in 54 days), and, “very high daily live weight
gains have been recorded with steers grazing mature and ripening pods.” (dem 1974,
see Selected Readmgs) @ <. S
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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 herbaceous plants have become desiccated. .

Dr;ed seeds of lablab bean contain 20£28 percent crude protein (for nutri-
tional’ composition, see Appendix A); some types are tasty and are eaten like
"othery beans. Their amino acids are moderately well balanced, with an espe-
c1ally high lysine content (6.1 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 oflron (155 mg per 100 g of leaves,
dry weight). . :

Yields are unknown for most cultivars. However, the labldb bean appears
to yield well. In trials in northern Australia, four accessions yielded over 4
of dry seed per ha.* One of these, a commercmlly 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 S-11 t (dry matter) of forage—with pro-

tein