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satisfy several criteria, the most important of which were: ¥
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PREFACE

This is a report'en plants that shiow promise for improving the quality of life
%

"in tropical areas. Because the countries in this zone contain most of the

world’s low-income populations this report is addressed to those government

= administrators, technical mcmtan(‘e nmqnnnpl and rF'QPAI‘(‘hPrQ in Agrn nlrnrp

nutrition, and related d1SC1p11nes who are coneemed with helping developmg
.+ countries ‘achieve a more e(f1c1ent and balanced exploitation of their
biological resources. :

The ad hoc panel on-underexploited tropu.al plants, which p‘r.oduced the =
report, met at Airlie, Virginia, in March 1974. The panel had the following

objectives: e "

« To identify neglected but seemmgly useful tropical plants, both wild
and domesticated, that have'economic potential; . .o

o To select the plants * that showed the most promlse for wider
exploitation throughout the tropics; and ‘ |

7 A%

o To indicate requirements and avenues for ;esearch .fo ensure* that

selected plants reach their fullest potential. s .
The 36 plants described here were selected from among 400 nominated by

_plant scientists around the world ‘in response to a written inquiry. (To keep

the project to» manageable size, medicinal plants and timber fspecies~ were
excluded’) The choice reflected here-is necessarily subjective, based as it is on

the experience and judgmcnt of the panel. Plants chosen for mclusmn had o

Lo

 Can it be grown in the tropics?

« Does it have significant potentlal as a source of food forage or »

industrial raw material?

« Can it help make developing countries (or areas w,1th1n them) more *

productive?

Other considerations were: Can the plant make a specific contribution to
human nutrition? Does the plant have multiple properties enabling-several

useful products to be obtained from it? The plants were notgjudged solely by
how much or how little is known about them, however. Somfe of the plants
sglected are- relatively well known; others are taxonomically not yet fully

‘described. Somie are “luxury crops” that will appeal only to thh phced~ :

specialty markets;-others are subsistence crops.
Since it is impossible to determine future costs and benefits of exploiting

.these plants in vastly dissimilar economic environments, selection could not
- be based on economic considerations except in the most informal and

subjective manner. The task of weighing the technical details against the
economics, needs, resources, and capabilities of a particular cguntry or area is
- perforce left to mterested competent authorities. ’ :

.v""
e
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The - panel recogriixzes that some plants recommended but finally not

selected for ‘inclﬁsrop .in this report may well have similar potential for
- exploitation. In such cases, the panel did not have, and could not obtain,
enough information t¢ support an affirmative decision.

 The plants presented, here should be seen as complements’ fo, not as
qubsntutes for, conve tional tropical-crops. }

The report aims. to pro\(1de a brief introduction to the plants selected Itis
r\elther a textbook ndr a comprehenswe survey of tropical botany For the
convenience of the reader, each plant- is presented in a separate chapter

tramged in thevfollbwurrg order:

\
\

*Description of the plan?an-d of its advaﬁt'ages s
* Limitations and special requirements .
Research needs - o D
. Selected readirrgs\(si_gniﬁcant, reviews, general articles)

e Research contacts'and germ plasm sources (individuals or. organizations,

known by the panelists to be involved in relevant research or to have
appropriate seeds, cuttings, or rootstock). 1 K

This report does not detail how to iﬁtrdduce the plants to new areas.
Readers should appreciate. that -achieving this goal may be complex and
difficult. Many plants disgussed in this report have defied dissemination (or

- domestication) for a century or m¥re. Plant mtroductlon cannot be divorced

from plant management; a lack of horticultural knowledge or _experience will
'ffrequently cause a plant introduction to fail. Differences-in elevation, soil
type, temperature, day length, and rainfall present other complications.
Sorhetimes newly introduced pla.nts prove to be too aggressive and become
weeds. Even.if all these problems are overcome, the plant will be successful
only if a market £xists or can ‘E)e creatéd for its products. - :

The information in this book is only 4 starting point for what may prove
to be laborious and troublesome pr0]ects Addresses of knowledgeable
" contacts are provided so that. readers may ascertain for themsel'ves specific
details that cannot be coveréd in-a general report of this kind, but that may
be critical to the successful introduction of a pfant to their locality. -

The panel felt that certain points on the status of tropical botany and the
urgency of preserving germ plasm were so important that, although not part of
the panel’s formal mandate, they -are discussed in Chapter 1.

The panel is indebted to the contributors (listed on page 169) and to.
Mary Jane Koob, who acted as administrative secretary for the meeting and
for production of the report. The manuscript wa$ edlted and prepared for
pubhcatron by F R Ruskm ~

| R . . &
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Comments on this report, especially®if it has induced initiatives or further
research on the species described, should be communicated to the staff
officer, Dr. Noel Vietmeyer, National Academy ot Sci¢nces- National Re-
search Council, 2101 Constitution Avenue, JH215, Washmgtun D.C.20418,

" USA. Suggestions and information from readers about species not covered in
- this volume are welcome. They might be inélﬁgled in a later publication.

Noteﬂ to the Second Edition

Demdnq for - this report has continued strong since it first appeared m‘
1975, More than 20,000 requests for copies have been received. This far ex
LeeddI Jnitial expectations and has necessitated uprmtmg the book three
times. By late 1978, requests were still pouring in, but stocks, were once more

“depleted. Before reprinting this ‘time, however, the staft decided to update
names and addresses of researuh contacts that appear throughout. According-
ly, the interest of each resedruh contact was ascertained and, as’a result, in
this edition some names have been dropped, others added, and where neces-
saﬂry, addresses have been updated. A few minor points have been corrected
and the chapter on ramie was rewritten entirely. In cases where new books or

_articles have appeared, their citations have been substituted for Less relevam
or hard: {o,ﬁnd literature that was cited previpusly.

Sinc&Hk report was publlshed some species have received attenfion trom
scores of researchers. The winged bean, jojoba, and guayule are notable ex-
amples. The winged bean is now cultivated in many countries wheresit was
previously unknown. In the United States, trade in jojoba seedlings and prod- -
ucts was already-a multimillion-dollar industry by 1978, with over 1,000
hectares of jojoba planted. Mexico and Israel were also establishing jojoba
plantations. Guayule’was being investigated at several U.S. research institu-
tions, including those of two large rubber companies. In Mexico, a pilot
rubber-extraction factory was operating, and tires made from guayule rubber
were bemg road tested. ImNovember 1978, President Carter signed into law a
bill that made available '$30 million for guayule research and development.
These and other advances are not reﬂected in the current text, but many are
described in the new llterature now cited in the Selected Readings sections.
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The strain on world resources posed by rapid population growth, dwindling
supplies of nonrenewable resources and shortages of food puts economrc
botany in the mainstream ofhu oncern.

Throughout history mag, hasgsed some 3,000° plant species for food; at
least 150 of them have beén com@ercrally cultivated to some extent. But

- ovey the uries the tendency has been to concentrate on fewer and fewer.
\Egay/mgz‘: of the people in the world are fed by about 20 crops-<cereals

such as wheat, rice, maize, mrllet "and sorghum; root crops such as potato,

. sweet p0tato and €assava, tegumes SUGH as peas, Deans peanuts (gl’OUl’lGl’lU[S),.,

and soybeans; and sugar cane, Sugar beett, ‘eoconuts, and bananas. These plants
are sthe main bulwark between mankind and starvatron It is a very small
" bastion. W

Yet as the prospect of food shortages becomes more acute, people must

depend increasingly on plants rather than animals for the protein in their diet.,
As is well recognized, research is urgently needed to increase the yield of

these food plants. However, reliance on a small number of plants carries great
risk, for monocultures are’ extremely” vulnerable to catastroohlc failure
brought about by disease or ‘variations in climate. T6 he}p “feed, clothe, and

- house a rapidly increasing world population, it is tlmely to consider neglected

or little-known plant species.

Man has only just begun to take stock of the cherrucal and genetic
possibilities in the plant kingdom. Now we must scrutinize the thousands of
plant species, many of which are still untested and some as yet unidentified.

The apparent advantages of staple pianéts over minor tropical plants often
result only from the dlsproporuonate research attention they have been
given. Many mdlgenous species may possess equal merit, but were disregarded
“during the colorual era' when consumer demands in European countfies

largely determined the cultivation ‘(and ‘research) priorities in tropical

agriculture. The crops selected (such as banana, pineapple, Hevea [rubber],
- African oil palm, coconuts, and groundnuts) received considerable research
_and extension. Even after independence, the patfern of concentrating on a
few crops changed little. Markets abroad were established, and the new

_ countries needed foreign exchange. Furthermore, as mdlgenous scientists
- were -generally trained in the institutions of temperate-zone countnes they
had little interest in studying tropical species. Even the food preference of -

local populations in tropical colonial countries became so influenced by

European food habits that m many places local demand for traditional crops*

dechned




- likely to result from their attention. =~
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UNDLERLEXPLOITED TROPICAL PLANTS

¢

‘Because of these factors, the potential of/many tropical' crops has never

_ been explored. A striking case is quinua,* ane of the most prodyctive sources™
wof plant protein, [t grows -high-in the Andes, where few other crops cah

survive. The Spanish introduced wheat and barley and focused agricultural
research only on those crops; which eventuilly displaced quinua. Despite its
1ntr1nsrc futritive:and econormc value and the fact that protein deficiency is a
sefidusproblem in itd native reglon the agron@my of qurnua has advanced °
little iri%He past four centuries. S
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Most agricultural scientists are unaware of the scope and potentral ottered by

" tropical botany. The” discipline suffers largely because the major centers of

scientific research are located in temperate zones. - ‘1
There is an urgent need for plant researchers to became dcquainted with
troplcal plant life. Important new products—such as oils, gums, and waxes for

_industry; proteins for food and feed; and chemicals for pest control vvvvvv are:

%

. The variety of tropical plant species is staggering. Contamed among them -
is- a wealth of new products. In studying tropical economic botany it is not
enough to consider solely traditional néeds and markets. Néw raw materials
also will be required in the future. Changing conditions are already creating
demands for new products from previously underexploited -plants; more will
be needed as pressures increase for the exploitation-of renewable resources.

» Innovations in trahsportation already make. it feasible to transport

_ perishable products around the world.

« ;Affluence in certain parts of the world has enhanced the consumer's
ablhty to pay for specialty items and heightened his desire for new products
such as rare spices, fruit, and. fragrances o ‘

o Paradoxrcally, burgeoriing population and contmued poverty elsewhere-
are increasing the need for survival‘plants and for those hardy species that can

.be grown in unusable, marginal land.

. Improved scientific knowledge of adverse effects of certain products
has created demands for new products, including unsaturated, fats low-calorie
sweeteners, and brodegradable pesticides. . a

« New industrial processes have stimulated the need for larger supplies of
materials such as elastomers, lubricating oils; drug-precursors, and waxes.

Troprcal plants. dppear able to meet 1*11any of these demands. Given
concentrated research many underexp101ted plants could follow the deve]op

*See page 20. ' )
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mgmal course of the s(‘ybe . During. the past 50 vears the rising need for

protein has turned the:soybean into a staple in mgny parts ol the wor!d
including the United States where the p lant was once an oddity. \

g 5
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PRESERVATION OF PLANT GERM PLASM

.

@
’

A massive effort ‘is-deeded to ensure the survival of ¢ndangered plant ’pGCiéS
“throughout the world It comes as a surprise to most non-botanists to learn
that one out of every 10 plants is either extinct or in imminent d@hger 61
Qextmchon. Over ,20,0}00 species are now in need of protection. Wanton
destruction of natural vegetation is killing many, but the relentless spread of «
conventional agriculture displaces and destroys many gthers. Caretul preserva-

~tion and thorough cataloguing are particularly important for little-known
plants such as those des¢ribed in this report. Only in this way will the genetic o
diversity and healthy stock needed for developing new food crops be assured.
Potential breeding stocks, clones, and cultivars w1]l otherwise become extinct.

To this end, the number of botanic gardens, field stations, and habitat
reserves contammg natural vegetation types. must be increased. At pgesent,
the mumber'is actually decreasing: rising costs and urban sprawl are making it -
more diffigult for local botanic gardens in tropical countries te survive. And
with their demise even existing collections of tropical germ plasm are being

~lost. To séve these service centers and botanic gardens in.the tropics, financial

~ support is urgently required. Local governments must be made more aware of
the importance of their native flora resources to their country’s econo'mic
development and of the need to inventory, maintain, and capitalize on their

“indigenous vegetative materials. The Stockholm Conference on thé Human
Environment of 1973 recognized gus ‘imperative in its proposal for the
establishment of an international network of genetic resoUrce stations. The
concept is strongly endorsed by the panel.

The number of personnel trained in tropical plant science must also be
increased. Today, few institutions in the world offer training in tropical,
botany, tropical horticulture, and troplca} -agronomy. Facilities for training
and research should be established rapidly because the time left for the study
of undlsturbed tropical vegetation is hmlted ®, .

PLANT INTRODUCTION

Agriculture in the tropical world suffers for lack of mechanisms for -
systematically and routinely introducing and investigating little-known but
potentially useful tropical plants. Because most tropical countries are poor,

&
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their experiment stations cannot afford to devote time and money to

lesser-known plants. To alleviate' this problem, development agencies and .

foundations concerned with agriculture should consider sponsoring a system

of horticultural facilities (in tropical and subtroplcal developing countrfes) to -

pursue %gronomlc research and extensron on lesser known 1nd1genous and

44444

' network ot ﬂt‘tc’ma‘tfoﬂal_ agrlcultural research institutions already in

existence.

A summary of the plants selected by the panel for their high promise follows-

o

Cereals and Pseudocereals

Echinochloa _turnerana. This wild Australran grass, which has never been

studied, y1elds nutritious grain with _]USt one deep waterlng It has ifportant -

potential for dry land farming in arid regions with sporadic rainfall.
" Grain Amaranths (Amaranthus species). The seeds of these almost totally

neglected Central American grain crops have extremely hrgh levels of protein -

and of the nutritionally essential armno acid, lysine, wh:rch is usually deficient
in plant protein. :

Quinua (Chenopodium: qumoa) sAlthough the seed of this tall herb 1s one
'+ of the best sources of protein in the vegetable kmsdom, qﬁlnua is not

cultivated. outside its high-altitude Andean home. :

Zostera marina. Exploratory research on this plant mlght “uncover
important benefits, for it is a grain-producing, grass-hke plant 'that grows in
seawater. Using the sea to grow grain is- a novel and highly speculative

concept, but Indians on Mexico’s west coast have traditionally harvested -
“Zostera marina grain for food and4lour. ‘ ‘

Roots and Tubers* ' ‘ D

Arracacha (Arracacza xanthorrhtza) Known as Peruvian _parsnip Ber‘ause of
the- taste and texture of its root, .this plant, Wthh looks like, ce}ery,

little known outside the highlands of the Andes. In thlS region its root is of-
.ten grown instead of potato and costs only half as much to produce AJraca- .

cha has unrealized potential in tropical highlands worldwide.

3
¥,

*Yams (Dioscorea spp.). Although yams are too well known for inclusion in this report
they are the most nutritious and “O“UIaI of the conventlonal tropical root crops.

. Nevertheless, they are not so widely culgivated as some of their competltors because they

are more costly to produce; research’ to reduce production cosfs would be extremely
valuable. Research on storage problems is also urgently needed: often 60 percent of the-
yams harvested are lost to rot.

1. S
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-types grow upland, others grow 1n/waterlogged swampy soils that otherwise

corms fhat store well

» a
3 . .
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Cocoyams (Xan[h()sonuz spp) These hlghly productrve rool crops are . )
more nutritious than cassava and Quite easily produced. Although they are
widely distributed, they  never have been sub]ecﬁd to a comprehensive ‘
improvement program and they appear. to have much unrealized potentral

sTaro and Dasheens (Colocasia esculentd). Intensively cultivated in only a

few countries, the high- yleldmg taro. has worldwide tropical potential. Some .

are unproductive. Dasheens are A(Jan vanetres that produce many small, crisp - %%

. .
3
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Chaya (Cmdoscolus acomrzfr)lzus and andoscolus Chavamansa) The leaves of
these fast-growing, prollﬂc shrubs are 2 nutrltlous spinach-like, green

~ vegetable. Known only in Central America, chaya deserves testing elsewhere
in'the tropies.

" Hearts of Palm (harvested from Puferpe Bactrzs A”.crocomzs Cocos palms,

etc.). The demand for this delicacy has increased 50 rapidly. durmg the past 10
~-years that, Current supplres are’ inadequate. Wild “stands are being harvested

relentlessly Since extractlng the heart kills the palm, plantatlon cultivation .
(which appears highly promising economicall lly§ must be encouraged before “

- wild stands are destroyed. - e v -

Wax Gourd (Benincasa hispida). This large melon- hke vegetable is easy to

grow and can yield three crops per year. lts outstandmg feature is that the
‘fru1t can be kept without reﬁngeratron for as long as 12 mon,ths

portant in Southeast Asia and Papua New Gumea but unknown elsewhere is
possibly the tropical counterpart of the soybean. With research, it could
perhaps become one of the best sources of usable protein in the tropl,cs

Fruits o e
Durian (Durio spp.). The common durian" is allar'g‘e spiny fruit that is
esteemed by many for its taste and reviled by others for its odor, Newly
discovered odorless species mlght be more esthetlcally acceptable and could

open a world market for this crop.
Mangosteen (Garcinia mangostana). Perhaps the world’s ‘best-tasting ‘fruit,

‘the mangosteen is little known outside its ‘Southeast Asian habitat. .

Concentrated agronomic and horticultural research would help extend its

“range to other parts of the very humid tropics—a climate zone that is unsuited

to most crops.
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Naranjllla (Solanum quitoense). Related to, but wholly unlike, omato'e‘s
ﬁ‘hs dessert fruit is highly esteemed in Peru Colombia, Ecuador, and

&~

Guatemala, but virtually. unknown elsewhere. Its delicious, refreshing juice

might become popular in the African and Asian tropics, where the plant could
easily flourish.

Pejibaye (Guilielma gasipaes). The chestnut-like fruit  of IhlS palm is
probably the most nutritionally balanced of tropical foods. It contains
. carbohydrates protein, oil, mmergls and vitamins. Suited to the wet tropics,
the trees once established, require little tare and yield welJ - .

Pummelo (Tifrus- grandis). This large fruit, prabably a parenl of the
grapefruit, is highty prlzed throughout Southeast Asia. Superior cultivars
‘would become impartant crops, if. produced elsewhere in-the lowland tropics.
Though widely tested in the citrus regions of the world, the cultivars tested
never approached the quahty of the-best from southern Thailand.

~a

Soursop (Annona muncata) Well known in the South and Central *

American tropics, the rich, aromath ﬂav mf soursop pulp could be more
widely -enjoyed. The fruit pulp and juic keep well and are potentlally
profitable exports to Europe and Nérth Amerlca f . .

Uvilla (Pourouma cecropiaefolia). This grape- 1iKe' fruit is almostfunheard of
outside its homeland in the western part of the Amazon basin. [ts agroeable
pulp is eaten raw and is also miade into wine. It merits trial in other forestedﬂ
lowland regions of the tropics.” Absolutely nothmg is known about its
cu1t1vat10n or agronomic potential. ' .

- Oilseeds . =

LS

* Babassi (Orbignya martiana). This palm grows in abundance in the Amazon
basin and parts of Central America. Though the seeds are rich in oil (very
similar to coconut oil in composition), the babassi palm has not been
domesticated.. The main barriers to its explojtation are the labor required for
seed collection and the-fact that the extremely hard seeds are difficult to
open.

gourd, which furnished edible seeds for the American Indians, is a potentially
profitable source of edible oil and protein in extremely arid lands. It deserves
wider recognition and test planting in all arid regions of the world.

‘Caryocar species. Although.Sir Henry Wickham, the initiator of the
Malayan rubber industry, promoted this oil source as enthus1astlcally as he
-did the rubber tree, Caryocar species remain httle known trees growing wild.

Buffalo Gourd (Gucurbita foe[zdzsszma) Thls wild, North American desert‘

~in the Amazon region. They bear large quantmes of oily seeds resembling

Brazil nuts.

. @
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Jessenia polycarpa. Native to the Amazon region, this* palm bears
extraordinarily large bunches of fruit with an oil similar to olive oil in
appearance, composition, and quality. It is sold as an tdible oil in Bogota,
Colombia, but is virtually unknown to the rest of the” ‘world.

Jojoba (Simmondsia chinensis). This subtropical, North American desert

plant is unique in the vegetable kingdom; it secr‘i?fes liquid wax in its seeds

instead of the glycende oils secreted by other plants. Liquid waxes are

important in-industry. They are dlfﬁcult to synthesize, and the only other

source is the sperm whale. The developme,nt of jojoba as a crop promises to

provide important economic benefits to arid tropical and subtropical regions.
!

Forage Crops

3

Acacia albida. Occurring in savannas of East and West Africa, thrs leguminous

" tree is unmusual in that it is verdant with foliage and fruit durrng the dry

season. Its leaves and pods, relished by all kmds of livestock, are often ‘the
only fodder available at that time.
% . Brosimum alicastrum. This tall, drought-resistant tree bears nutritious

&Ieaves and small fruit with starchy seeds. The foliage is enjoyed by livestock. .
~Lrttle known outside Central America, it deserves testing in troprcal N

areas—especially those having prolonged dry seasons —where a forage source is
needed :

Cassig sturtii. Considered unimportant as forage 1n its native Australia, -

this bush js providing nuttitious forage yéar- -round in experrrnental projects
~in Israel. Its potentlal needs to be determined in- other arid regions of
temperate or subtropical climate. :

Saltbushes (4 triplex spp.). Several Australian species of these shrubs show

. great promise for arid regions. They produce an . abundance of pa.latable

forage, especially in saline soils.

‘Tamarugo (Prosopis tamarugo)..A hardy, leguminous tree, native to the
forbrddmg Atacatha Desert in Chile, tamarugo grows through a layer of salt
sometimes 1 m t}nck The nutritional quality of its pods and Jeaves allows
sheep to be stocked at rates. &pproachmg those of the best forage areas in the

Ay

“ wor]d ‘ e

i

;{cher Uses

. ABUr1t1 Palm (Maurma flexuosa). Perhaps the most plentjful palm in the world,

-'the buriti is not commercially used. Yet many prodﬂcts —starch, fruit, fiber,

~and wood— could be- obtained from it on a large scale. In the Amazon basin,

its native home, it 1s a plentlful resource that would well ‘repay research and
SRl

5"
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development There are comparable palms elsewhere in the troprcs that
should be srmllarly investigated.

Calathea Iutea. This tall herb grows wild in swamps in the Amazon
basin, but does equally well in plantations in wet regions. Its leaves are
coated with a hard-melting. wax. Simple to plant and harvest, Calathea

Jutea could’ provide jobs and mcome in otherwrse unusable tropical .

swamps.

Candelilla - (Euphorbla antzsyphzlztzca) This herb from the deserts of
northern Mexico has leaves coated with valuable wax. A’ ‘subsidized Mexican
* industry has produced and exported it to the United States for several years.

Research, into the pracessing and cultivation of candélilla could convert it -

- into a highly profitable crop for arid lands throughout the subtropics.

Guar (Cyamopsis tetragonoloba). The hlgh protein seeds of this Asian
plant, which resembles the soybean, contain a gum that is in increasing
demand by industry. Because of its unusual prupe‘rties, the gum has many
uses, from making water slide more readily through fire hoses to thickening
ice cream. Of all sources for vegetable gums, guar is the most promising.
 Guayule (Parthenium argentatum). A shrub-- -of Mexican deserts, guayule
contains good quantities of latex that closely resembles that from the Hevea
rubber tree. Technical problems associated with. separating the latex from
resins and other vegetable matter ‘have prevented its development. But it still
holds great promise and, given research it could become an important source
of rubber for production in arid lands.

Paspalum vaginatum. This highly/salt-tolerant grass withstands inundation
by seawater and is recommend®d for the revegetation of salt-affected
regions. It is especially good for stabilizing sandy beaches. Already
cultivated successfully in Australia, it provides forage in orherw1se unusable
coastal marshes.

Ramie (Bothmeria nzvea') The ﬁber from this tall/perennial shgub, native
to East Asia, has superior qualities—strength and freedom from stretch and

shrinkage among others. But its use is restricted by the sticky gum that clings =

- 'tenaciously to the fiber. Solving the problem of degumming (without

weakening the ﬁber) would give ramie a 51gn1frcant role in tropical

agriculture.

Spirulina (szrulzna platensis and Spirulina maxima). These high-protein
algae grow in brackish and alkaline waters. Unlike some other algae,
- spirulina’s large aggregations make it easy to harvest by net or other srmple
~ means. It is palatable and is already eaten in Chad and Mexico.

EY

s
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'ECHINOCHLOA TURNERANA

" Echinochloa turnerana,* a little-known wild Australian plant, has nevgr' been
psedg\ directly by man, nor has the possibility: of c,ultivating/ it been
investigated. Nevertheless; it offers great promise as a forage angl/g/rain crop
for arid regions. Its most significant feature is that only a .singl’é watering is
required for the plant to develop from germination te harvest.

~Locally called channel millet, channel sorghum, anc}/,ﬁative sorghum, it
grows almost exclusively in the channel country of inla}ld Australia (see map,
p. 11) where it is recognized as one of the most Palatable, nutritious, and
productive fodder grasses. The grain is eaten by horses, cattle, and sheep and
is much sought after by native birds. In additjén the leaves, culms, ahd seed-
heads are readily eaten by livestock. Furthermore;the whole plant makes
excellent hay. /""' . ’

Field experience indicates that the seed of Echinochloa turnerana will not
germinate after light rains; deep ﬂoo/ding is required. Deep floods not only
induce germination, but allow theflant to complete its development without
further water. So, unlike otheT cereals, it does not require a series of
waterings throughout its'lifet"rfle., o ’ -

Echinochloa tu?neran?zi ways grows in fertile, silty clay that cracks-deeply
when dry and is spora,d’fcallyfsubjected to deep flooding. Sites may remain
dry for years betwegﬁ floodings. The plant often grows abundantly during
spring, summer, or‘éarly autumn when floods occur.

Echinochloa” ‘inundata, similar in appearance and growth habits to
Echinochloa t‘z/zrnerizna,' has only recently been identified as a distinct species.
It grows }rr less arid areas than Echinochloa turnerana: in swamps and clay
- soil depréssions (that hold water for several weeks after heavy rain), and along
" streams/ and ponds. Collectors’ notes indicate that it, too, is palatable to

livesfbck, but its nutritional value is unknown.
/'/ /
",;*'Echino'chloa turnerana (Dominj J.M.. Black. Family: Gramineae.
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Echinochloa rurnerana. (R. G. Siicock)

LIMITATIONS AND SPECIAL REQUIREMENTS

“ Almost nothing is known about the agronomy or use of Echinochloa

turnerang. No attempts have yet been made to domesticate it, and there is
little documented information on its botany, germination, growth, environ-
mental requirements, yield, etc.
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Echinochloa turnerana. Known as channel millet, this wild cereal grows in Central

Australia’s channel country, shown here. This arid region receives an average of 100mm
of rain annually, which falls irregularly~in only one or two downpours.

Some species of Echinochloa are ruinous rice field weeds: The L'chinochloa
crus-galli complex contains some of the weeds most feared by rice growers.
‘The weediness of Echinochlpa turnerana is unknown, but strict quarantine '
measures must be enforced d ring experiments in case it is like its relatives.

e
o

w




In river beds and 10w-lying regions, Echinochloa turnerana grows prodigiously after the soil has been thoroughty saked. It needs only a single
2 watering to complete its life cycle—an important benefit in arid areas where rainfall is irregular. (S. L. Everist)




Although it is a wild plant never subjected to agronomic improvement, Echinochloa turnerana
bears dense and heavy seed heads. (S. L. bverist) :
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"RESEARCH NEEDS

A large collection of seeds is needed for study and distribution and for testing
in suitable tropical and subtropiuil arid and semi-arid lands.

The requirements for germlnatlon growth, and optimum production must
be determined. : p

The genetic behavior (partlcularly genetlc varLabllltv and possibilities for
selection and breeding of super1or strains$ from wild populatlons) must be
investigated. = . e

Testing with.-available seed and forage-harvesting equipment and grain-
cleaning equipment should ber opducted in Australia.

Selected Readmos

Black, J. M. 1943 Flora of South” Ausnalza Parr !, 2nd Ed. Goverpment Printer,
Adelalde Australia. p: 72. '

Blake, S. T. 1938. Proceedings of the Roya[ Society of Queensland 49:187.

Skerman, P. J¢ 1947. Bureau of investigation technical bulletin number 1. In The
Channel Country of South-west inensland. pp. 71-92. Queensland=Department of
Public Lands, Brishane, Australia.

Research Contacts and Germ Plasm Supply

Department of Agronomy, University‘of Sydney, Sydney, New South Wales 2006, Aus-
tralia (P. W{ Michael)

Director of Agriculture, Department of Primary lndustrles Wlllmm Street, Brisbane,
Queensland 4000, Australia

- Queensland Herbarium, Meiers Road, Indooroopilly, Queensland 4068 Australia (R. W,

:, Johnson, Director) ™ -

e

GRAIN.AMARANTHS

5

Three promising species of Amaranthus* are largely ,heglected candidates for

_increasing protein production in - developing countries. Amaranths are
. fast-growing, cereal-like .plants that produce high-protein grains in large,

*1. Amaranthus’ caudatus L. (Amaranthus edulis Speg. is considered a race of this
species), 2. Amaranthus cruentus L., and 3. Amaranthus hypochondriacus L. (also
known asAmaranthus leucocarpus) Family: Amaranthaceae
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Arﬁaranz‘hus hypochohdrigcus. (Rodale "Press, Inc.)

.
o

~ sorghum- hke seed heads "Their p;otem -rich. leaves are already w1dely con-

sumed (a tropical spinach that can be harvested many times a year).
Analyses and feeding experiments demonstrate that Amaranthus edulis
grain is rich in protein and’ exceptionally high in lysine—one of the critical
amino acids usually d‘eficiEfit in. plant protein. In Amaranthus edulis 6.2 ¢
Lysme per 100 g protein has been measured.* This value exceeds that found
in high-lysine maize varieties (opaque-2 and floury 2) even in milk. It is
about the same as that tognd in soymeal. . ‘ "
" The séeds of all three species are high in protein. Araranthus hypochon-

driacus seed. contains about 15 percent protein and 63 percent starch. The-

-starch is similar to thé premium-priced starch of Waxy maize.F

»

These amaranths are now cultivated as minor grain crops in Latin America:

- Amaranghus Caua'arus in the Andean regions of Argentina, Peru, and: Bolivja;

Amaranthus cruentus in” Guatemala; and: Amaranthus hypochondriacus in
Mexico. They are- ancient crops, thch at thé time of the Conquest were
major grain crops in troplcal ‘highlands of the Americas. Displaced by
larger-seeded grains such as maize, they were. relegated to secondary, often
inconspicuous, roles, Cultivation of Amaranthus hyvpochondriacus was also

*W. J. 8. Dowmon 1973 See Seleued Readings.
+1bid. -

7
i
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suppressed by the Spanish church in its effort to eradicate pagan Aztec
ceremonies that centered around amaranths. For over a century, grain
amaranths have been important to Asian hill tribes, and their use is spreading
into the plains of India. .

Amaranth grain-is usually parched and milled and the dough formed into
pancakes, or it may be cooked for gruel, popped and-made-into confections,
or powdered and made into a drink. Young plants are often gathered as
potherbs.

Although little accurate information is ayailable on amaranth grain yield,
the crop is reported to show a greater yield than maize grown on adjacent
plots. A harvest of about 1 ton per hectare has been repo,rted for Amaranthus
hypochondriacus cultivated in Gujarat State in India.

LIMITATIONS AND SPECIAL REQUIREMENTS
‘The amaranths grown for grain are pale seeded. The appearance, flavor, and
popping capability of the pale seeds are best. Wild, dark-seeded varieties are
those generally used as potherbs and ornamentals; they are not suitable for
grain,-Dark seeds should be culled before plantmg because they often produce
vigorous, weedy plants. -

Amaranths require good, well-tilled soil and moderate rainfall. Seed may

be broadcast, and the seedlings thinned (thinnings make good petherbs), or

transplanted out as nursery-grown plants. Each plant requires about as much
room as a large maize plant. They probably require latge amounts of nitrogen
and phosphorus.

The huge seed heads must be cut when the seed begms to rrpen and fall.
Threshing and winnowing require hand labor.

Each of the three Amaranthus species grows in a wide range of climates,
but local varieties differ in their da&y-length responses: expenmentatron is
required to find varieties best suited to a given location.

RESEARCH NEEDS
Because of the importance of the discovery of high lysine in Amaranthus
ediilis, the composition and nutritive potential of varieties of the other
Amaranthus ‘species should be evaluated by nutritionists.

Investigation of the preparation of the seed (and derived products)
into acceptable dishes should be initiated. Processing losses and pre-
servation methods for commercial and home use should be considered
Particular emphasis should be placed on labor requirements, rotation
and cropping patterns, and comparisons with other crops grown in the same
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. - the ratip of husk to endosperm) and hence on; seed quality. Seed srze,

e - k . : - [ . ’ ° oy
PR . ; R i . » T

region. A detalled study of the trad1t10nal cultlvatlon harvestlng, processing;* *

. -and use of grain, amaranths in Latin Amerrca and, Indra s hrghland regions is

necessary. ¢ ‘ i
Since seed shedding (shattermg) Is 2 problem an effo;rt should be made to

discover nonshattering varieties. \\ (
‘As in soybeans the onset of gram amaranth ﬂowermg depends’ on day

| length (photoper1od) Races- shoul'd be selected for different lat1tudes and .
-z,ramfall reg1me§ K | SO

Accurate records of- yreld/are needed for d1ffe.rent agronom1c treatments

~and‘in different climatic reg}()us . . : '

Seed size miay have unportant influence on seed composrtron (for example

therefore warrants specral agronorrnc attentron "

~

Selected Readmgs

’ Downton Wl S 1973 Amaranthus edu[zs a.hrgh lysme gram amaranth World Crops L

25(1):20. _ . :

: M’acMasters, M. M,, P. D. erd M. ‘M. Hazapfel and E C Rrst 1955. Preparanon of _

*“starch from Amaranthus cruentus, seed. Economic Botany 9(3):300-2. . -

B Safford W. E. -1917. A forgotten cereal of ancient America. Proceedmgs ]9t}z

IntermmonaLCongressofAmerzcamsts 1915 Washington, D(; pp. 286-97.- . e
- -~Sauer, J. D: 1950. The-grain amaranth§:- a survey of their history,-and classrﬁcatron '
" ¢ Annals of the Missouri Botanical Garden. 37: 561-632. . :
. Sauer J1.°D. 1967 Fhe grain amaranths and their rélatives; a revrsed taxonomic and ,
geographlc survey. Annals of the Mzssourz Botamcal Garden. 54:103-37. = ¥
Smgh, H. 1962. Grdin *Amdranths Buckwheat and Chenopods Indran Coundrl of 4
' Agncultural Research New Dethi. “ - . o R
Research Contacts and Germ Plasm Supply S N

741, Taiwan, Républic of China (J\ C. Moomaw, Direc

- Asran Vegetable Research and Development Center, P.O. SQX 42, Shanhda Tainan U ¢

: - "(_?SIRO Division of Hortlcultural Research Box 3‘5‘0 GPO delalde Austraha 5001

(W. 1. 8. Downton) e .

'-Department of Agronomy . and Range Scrence Umver51ty of ‘Cahforma °Dav1s Califor- =

‘nia 95616, USA (H. Hauptli and S. K. Jain). S
Department of “Agricultural Research Royal Troplcal Instltute Amsterdam Nether-

lands- (Ir G. T H. Grubben) T ‘
Mayaguez Institit®. of: Troplcal Agnculture Box 90, Mayaguez, ,Puertoo RlCO 00708

“(F. W.Martin and R. Ruberte) : N

> Natlonal Botanic Gardens, Lucknow 226 001 India (T N Khoshoo and Mohmder Pal)
-*Rodale Préss, ‘Inc. 33 East Mmor Street Emmaus Pennsylvama 18049 USA (R.
"¢ Harwood)’

Tamil Nadu Agncultural Umversrty, Co1mbatore 641 003, Indla (G. Obhsam1)
University of California, Los Angeles, California 90024, USA (J. D. bauer)
Un1vers1ty of Lund Lund Sweden (R. Carlsson) .
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QUINUA el

& P4

A staple of the ancient Incas and still a staple for millions, quinua* is
virtually unknown- out31de the highlands of Bolivia, Chile, Ecuador, and Peru.
Its grain, rich in protein and containing a goed amirio acid’ balance, may, prove
tobea better protein source than most of the true cereals. ‘

- In the thh Andes, quinua is primarily a food of campesinos and poorer - ,
v classes 1ncreas1ng qumua productron and use could ﬁlmprove thelr madequate

better meat productlon In highland troplcal areas outside of the Andes
quinua could prove varuable for improving nutrition, too.
~ ¢ Although long used for human . consumption, quinua seeds have bitter
tastlng constltuents—chreﬂy saponins. They are in the seed’s outer layer and
~can be washed dut in cold water. However, this method does not assure the
-» umform quahty necessary for- commercial distribution. Recently, Bolivian
breeders have selected a saponin- free variety,, but w1despread testrng is just
begmmng ~ /
- Quinua is a hardy p‘lantfJ before the Spamsh Conquest 1t was'one ol‘ few‘
natrve grains hardy enough for the hrgh Andes. Subsequently, it was largely
suppla,nted by barley—a less nutritious grain. An annual herb, quinua grows
1-2.5 m tall. It is cultrvat’ed at altitudes 0f-2,500-4,000 m where;, with short
day‘ length the plant matures in 5 or 6 months rproducmg an abundance of
contaJn 58 percent starch 5 percent sugar, 12 l9 percent protem, and 4-5 ,
. percent fat. : » ' N
k Quinua' seeds are used in soUp and groundﬁmto ﬂour fnr bread and cake. , . N\
. They have also Been used to mdke beer ‘and produce feed for swine and '
poultry A quinua breakfast cereal is r?anufactured in Peru‘and qurgma has
. démonstrated value asa partial. wheatfﬂour substitute - for ennchmg bread. - -
Qumua leaves are sometunes used as a /green vegetable. ‘
Although qurnua grows in areas havrng short day length ool climates, and

| Statlon see Contacts list paj 'e 23) is called -sajama. It requlres no washlng,_ . ‘
« has shown no deleterrous effects in’ ‘food or animal feed, and is now belng S

ﬁeld testedln the Bolivian and Peruvran Altrplano C ‘ N
: : / 7 . . ) ) : ‘ ’

AP . - . N
A i . . i N
- ‘

‘ ’*Chenopodium quinoay Willd."Also known as quinoa. Family: Chenopodiaceae. S R N

T
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4 Quiﬁua. )
(A. Bacigalupo)

o,

A

C . s ‘H;arvésting quinua in‘,}§61ivi'a. (C.B. Hé@selr’): [ .

= Two related Chénopodium spécies are also cultivated as food plants in'the '
. Arhericas: Cafithua Chenopodiiim pallidicaule and Huauzontle Chenopodium
- nuttalige. Cafilhua Chenopodium ﬁ}{l‘lz_'dicaule'. hafI an’even higher protein
~content than quinua and grews, at higher elevations in the Andes of Peru and .
Bolivia. It is a potential crop plant for extreme hjgh:]ands in'other-pants of the
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* . world. However it has low yrqld is only a semi- domestlcated plant and will
need much experimental work before it can°fulfill its potential. '
Huauzontle Chenopodium nurrallae is cultlvated in south eentral Mexicb,

at altitudes of 1,200-3,000 m, largely for its flower clusters (which aré used as

N a vegetable) although several strains are grown as grains. Protern ‘analyses of
SR the available varieties should precede attempts to éncourage wider cultivation.
% This specres will hybr1d1ze wrth qurnua -which suggests the~ possrb111ty of

SN 1mprov1ng both. C .

Vo LIMI,TATIONS AND SPECIAL"REQUIREMENTS»

"No intensive research on qu1nua cultlvatlon has been doné: growing methods
" have changed 1mpercept1bly dunng the past four centuries.
. Saponins could be a blessing in disguise; their bitterness may deter those
- insects and birds that are normally pests in grain f1elds Perhaps this- 1s why
“strains containing saponins have prevailed. :
. . If not removed, saponins adversely affect the taste and d1gest1b1hty of
) ‘quinua-based animal feeds. . .
Quinua varieties show hrghly variable protern “content. The Patacamaya_
Experiment Station has Varletles wrth 16 17 18, and 19 percent protem

J? f - ]

RESEARCH NEEDS TR T

g @ @

“Collection of seeds from all qumua Varieties growing throughout the Andean
region is necessary. Safely stored in a seed bank the seeds could provrde the
germ plasm needed for genetis unprovement for tr1als in new 1ocat10ns and

“for implergefitafion of an intensive'plant breedmg program.: -

. Imtry, all |races should be examined*to find sapomn free hrgh-yreld
plants with large seeds, high protein content, and good amino-acid- balance A
further equirement is identification ‘of ‘quinua varletles with the hlghest :
-nutrltlve walue ﬂor domestic anlmals o

Both int sp cific’ and mterspec1ﬁc Cross- breedrng should be attempted In-

-t

¢ ' species to the ) her :

~ The effectiveness of saponm 2s 4 pest deterrent should be evaluated It
may be preferable (energetlcally angd ecologically) to mill - -out the saponlns '
after harvest rather than to applylpestl ides during the growing season.

' | AN s
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Selected Readings |

“Bruin; A. de 1964, Investlgatlon of the food value of qumua and canihua seed, Journal

| ® of Faod Science. 29:872-6.

‘Cardo;oﬂé J.'Red, and 1. A, de Viscarra. 1970. Bibliografia de la Quinua y la Cafiihua,
Boletin bibliografico # 13. Sociedad de Ingenieros Agrénomos-de Bolivia (La Paz).
Gade, D. W. 1970. Ethnobotany of camhua (Chenopodium pallidicaule) Tustic seed crop

of the Andes. Economic Botany. 24 55561.

Gandarillas; H. 1968, Caracteres botanicos mas importantes. para la elaslflcacu)n de la
quinua. ‘In=Convencién de Quenopodiaceas. Primera, Puno, Peru, Noviembre 5-8.
Anales. Puno, Umversrdad Facultad de Agronomia.

- Gandarillas, H. 1968. Estudios de Herencia de Ia Quinoa. Boletin Experrmental 35
Ministerio de Agricultura, Drvrsron de Investigaciones, Instituto Bohvrano de Cultivos
Andinos, La Paz, Bolivia. o

Gandarillas, H. 1968. Razas de Quinoa. Boletin Experrmental 34. Ministerio- de

) & Aoy

Agricultura; Division de Investrgacrones, Instltu to Boliviano de-Cultivos Andinos, La -

Paz, Bolivia.

Ledn, I.- 1964. Plantas Alimenticias Andmas Boletin Técnico 6, Instituto Inter-
“americano de Ciencias Agricolas, Lima, Peta, (Probably the best general reference;
" has extensive bibliography.) ! o

Nelson, D. C. 1968, Taxénomy and origins of Chenopodzum qumoa and Chenopodzum

" mittalige, Ph.D, Thesis, Indiana University (Available from Umversrty Mrcroﬁlms
Ann Arbor, Michigan, USA. Order number 69-4792). : -

Simmonds, N. W. 1965. The gram chenopofis of the trop1cal Amer1can highlands.
Economic Botany. 19:223-34.

Whrte P. L., E. Alvistur, C. Dias, E. Vinas, H.S. Whrte and.C. Collazos 1955 Nutrient
content and protein quality of quinua and cafithua, edible seed products of the Andes

; mountains. Journal of Agricuiltural Food Chemistry. 3:531-5. '

© Wilson, H. D. 1974. Experimental hybrrdrzatron of the cultivated chenopods (Cheno-

podium- L) and wild relatives. Proceedings ‘of the I’ndlana Academy of..Science

(Abstract} 82, Avarlable from duthor, address below, -

|
' B "

?Research Corrtacts'aind Germ Plasm Sup-ply

'IDRC Reglonal Office,. Agrrwl&ure Food and Nutrition Scrences Drvrsron Apartado
Aereo 53016; Bogota ‘D.E., Colombia (E. J. Weber)

Instituto Boliviano. de: Tecnologra Agropecuarla Casrlla 5783 La Paz Bolivia (S. Rlera_

. G, Director Ejecutivo) *

Instltuto Interamerrcano de ClenCIas Agrrcolas OEA Andean Zone, . Box 478, era

, Peru - N :

“Laheratory of Plant Brology, Department of Brologerexas A &M Umversrty, College
- Station, Texas 77843, USA (H. D. Wilson) = *.

‘Ministerto de Asuntos. Campesmos y Agropecuarros Brbhoteca Nacrona.l Agropecuarra

" La Paz, Bglivia - >

"‘Plant Genetrcs Resources Center CATIE Turmalba Costa Rica ad. Leon Head)

M. Tapia; Casilla 6057 La Paz, Bolivia

University of Lund, Lund .Sweden (R. Carlsstm)

- Umversrdad Nacmnal Agrama La Molma Apartado 456 lea Peru (J. de Albertrs)
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Zostera maring* is a marine flowering plant that grows in shallow seawater .

It is one of the’ few plants that grow and flower fully submerged in seawater.

k@r‘lghtransplantatlon and seeding expenments are under way, and some

e

~diameter.” Like wheat flour, Zostera graih flour is relatively bland and can be
“variously flavored. The one sample‘analyzed to date shows its protein and

to sustain the productivity ef estuarme and other coastal areas.

r limitatlons and special requirements of this plant are now. unknown.

When ripe, the grain-béaring part breaks loose and floats to the surface where
it drifts to the shore and cam then be harvested Although little is known
about the use of Zostera marina as a grain crop, it yields well in warm, cle\ar
sun-drenched water. It holds potential as a food crop that ‘can be grown in
tropical estuaries around the world. However, almost nothing is known about *
Zostera marina as a crop plant and only exploratory, small—scale research is o
warranted at present.’ , e
The -only recorded case in which “the sea has been USed for graln = o
productlon is that of the Zostera marina harvested by Seri Indians on-the . -
West Coast of Mexrcol The Seri Indians prepared Zostera marina gram by
threshing sun-dried plants with wooden clubs and loosening the fruit by

-

~rolling the seed heads between their palms. The product was winnowed
‘(tossed in the air), then the grain was toasted, rewinnowed, and ground into

-

flour. Cooked in water into a thick or thin gruel, the flour has a bland flavor:
Traditionally it was combined with other food, usually sea turtle oil cor
honey 5 :
The plant is natlve to the coasts. of the northern hemlsphere from™ the
subarctic to the suhtroprc Related specres occur in the southern. hemlsphere
The grain derived from Zostera maying is-3-3 5 mm long and 1-1.5 mm in

starch contents compare favorably with those of wheat, rice, and other
grams 13.2 percent protem 50 9 percent starch, and 1.0 pércent crude fat. -~

The leaves of Zostera manna may also prove valuable as fodder, thatchmg, ,
or ‘packing material. The foliage is an important food for: some sea turtles and
water fowl. An important shallow-water miud-flat stabilizer, the plant helps

-

ITATIONSVAND"SPECIAI) REQUIREl\lENTS »

ous \cultivation work exists, little is known about: the propagatron or

elderly,know. about its trachtlonal use w1tlun the tr1be _Thus, even the e

*Zostera marina. Also known as eelgrass Family: Potamogetonaceae
TFelger and Moser 1973. See Selected Readings.







The grain from Zostera marina.
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;fé{E—SEARCH NEEDS

\

Zosz‘era marina seeds is needed.

(C. P

Research on both harvestmg proc dures and nutrmonal anaJySIs\ and use of

I
P

rge -scale coll

ana1y31s and general expenmentauoh

A Sen lndlan womdn at EL Desemboque, Sonora, Me\lcb wmnowmg
Zostera marina harvestc,d from the sea nddrby (R S Pelger)

’

o 3 R
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ctions should-be made for
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Attention should be given to the termperature tolerance and day- length‘
;equ1remen¢s of varieties from!different areas. Attention should also be given

to certain wgorous w1de leafecl varieties, which may produce hlgher y1elds

e
? "

Selected Readings - \-’ - . . :
~ Felger, R. S. 1975 ,J;lutrltlonally Sig 1ﬁcant new crops for. and lﬁ:;}ds a-model from T.l‘lQ .
Sonoran desert. ln Prto;mes\m Child Nutrition' in Developmg Countries, ed. Jéan
' Mayer Vol. II, Scctxon 16. Un{ted Nations Chﬂdrcns -Fund, New Yortk. (Ordcr
:Number: E/ICLT/L 1328. )

! | Telger, R. S., dnd C. P. McRoy. 1975. Seagrasses as potentlal lood plants In Seedbea)mg :

Halophytes as Food Plants:=Proceedings of a Conference, ed. C. Fred Somers.

" Del-8G-3-75. pp. 62 9. College of Mariné Studjes, University of Dcla\\are Newarl\
Delaware, USA. '

‘Felger R. S., and M. | . Moser. 1973. Eelgrass (Zostera marina L) in the Gulf of

Callforma' Discovefy of its nutritional value by thc Seri Indians USczence 181:355-6.

" 'den Hartog, C. 1970. lee Sea Grasses of the World. North Holland Publlshmg Company,

Amsterdanm. ‘ -z

McRoy, C. P ,-and R.-C. Plulllps 1968. Supplementary blblrography on CClt.,l’dSS Zostera
~marina. U.S. Fish and Wildlif¢ Ser)'lzce Speczal Science Reporr Wildlife 114 .
Govemment Printing: Offlce Washmgton D.C., USA.,

* Phillips, R. C. 1964. Comprehensive blbl;ography of Zosz‘em marina. U.S. Fish and

Wildlife Service Special Sciencé . REport Wlldllfc 79 Government Printing Olﬁcc

- Washmgton D.C., lUSA ! o 8

Research Contacts and Germ Plasm Supply

‘ Ar1zona Sonora Desc't Museum, Route 9, Box 900 Tucson Arizona- 85704 USA(R S.

Felger)

; De'paitment of Botayly, Seattle Paciﬁc College‘, Seattle, ‘Was‘hington 98119, USA (R. C.

Phillips)-

Instltute of 'Marine Sclence, l.lniversjiy of Alaska, Fairbanks, Alaska 99701 (C. P.
- McRoy) = . . e ) : :

- / } . -
Coa ) [ ‘ : g

~ . g i =4






I ! ROOTS AND

(ARRACACHA - 7

. Natwe to the Andean hrghlands from Venezuela. to Bohvra arracacha* s an
~ herbaceous. perenmal that produces large thick, edible, carrot-shaped starchy

w a color suggestmg parsnip. Arracacha is cultivated today in most
Latin erican countries as far north as Costa Rica, usually in small gar-

_dens for local use. In the larger cities '6f ‘Colombia, however, arracacha-
‘roots are sold in con51derable quantities. In many areas arracacha replaces the

potato it costs only haif as rnuch to plant and harvest.

If introduced into other hrgh altrtude areas of ‘the: troprcs arrgcacha isy
likely to be a valuable, root crop, partlcularly ‘if -improved cultivars and

cultural techmques are devel ed. The tubers are/reported to have a starch
‘content ranging &"rom about ¥0°to 25 percent and to be rich in calcium and
phosphorus. The starch- is similar -in ,magy respects to that of cassava; it is
easﬂy digested and can be used in infant and 1nvahd foods It also makes a
. suitable laundry starch., ' : =

| Secondary - tubers (offShoots of the mam tuber) are am 1mportant-
arbohydrate foodstuff and, aré boiled or fried as a table vegetable or used as-

,' an ingredient in stews. They have a delicate flavor, a crisp texture, and,
depending on the cultivar, white, creamy-yellow or purple flesh. In many
areas yellow tubers are preferred.

‘Al other party of the plant are also” used offsets for the next plantmg, the
coarse mam rootstocks and. mature leaves for hvestock feeding, yourrg stems

for salads-or-a-tabl vegetable S
-Arracacha thrives in any good soﬂ and- 1s“ cultrvated like, and often

interplanted with, \potatoes. The secondary tubers usually’ mature 10-14 -
months after planting; SOrrtetunes an early harvest of immature roots is, taken -

after about, 4-8 mdnths The entire plants are pullé‘tl ‘up. 5 ,wrth the roots

« attached. ’ !.“»
Seeds are seldom produced propagation is entlrely vegetatwe Plantmg can
be done at any time, but is usually done at the begmmng of the ramy seasan

% *Armcacm xanthorrhiza Bancroft. Family;: Umbelhferae Also known as Peruvmn carrot
an'acha, Peruvian parsmp, and Arracacxa escuIenta DC.

e
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‘Munoz)

Arracacha: The roots are ready_for market. (I‘-'.“Hh,iguit'ia Muﬁoz)/

[

o

A Colombian farmer among rows of arracacha, a crop for highland fegions. (F. Higuitia
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In Colombia, arracacha is seld in sacks, 60 kg each. (F. Higuitia Muiioz) .~ —

LIMITATIONS AND SPECIAL REQUIREMENTS
Except in the lowlands, arracacha vields at all elevations in the Andes. It
1'equ1'rc§ a moderate, evenly distributed rainfall of at least 60 ¢m (but
preferably 100 c¢m); if the natural rainfall is insufficient. supplementary -
irrigation is required. For optimum results an equable temperature of
15-20°C throughout “the year is needed. There are somg varieties- those
normally gr(m’h at lower elevations—that are frost sensitive, but the varieties

adapted to the higher aftitudes, where they do get occasional and light frosts,
appear not to be seriously harmed by them.
In some regions arracacha is susceptible to nematode attack, but ’l}m can
be controlled successiully with a copper-based pesuudc
Harvesting Ldﬂll(}t be\ldddved because roots left in the ground become.
fibrous, and touﬁl] and devetop a strong ,unpleasant flavor. Because of a short

,FA

uﬁuvelv hlgn pmed product in the marketplace.

7ty
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* Arracacha cultivation should be tested in the highlands and hill country ef ﬂ
.~ East Africa, Central Afnca India, Southeast Asia, New Guinea, etc. Sorme _
remnants ‘of old introductions may still exist in the highlands .of Central

Amnrunn {a nnnfnmn]n\ and tha Waet Tndiee {Tamaira Tiitha and D1|nr+r\ v
mllsll\ta \C 5 , \JuaLclllma} al].u LL[U YYLol 1iiuivy \Jalllal\.&a, \./uua alliu X uvillv

RlCO) ‘local agronomists should investigate. Given some research attention the

remnants may provrde material for arracacha 1mprovement and expansron
Lrttle direct testing of the envrronmental tolerances of arracacha has been

conducted study of the latrtude altrtudee temperature, soil’ type, “and

Smoaicture ran ™m
411ViIoVvUL W l\-’\iu}.relllentﬂ }S

PP

nnnr‘nr‘ cetndv nf nathnoenc infactin
ll\l\lu\lu l‘. L)L\-I\-IJ L tJuLLLU Vll\, ull\-lvl-

- should also be made-. — L, A
Three varieties of cultrvated arracacha (drstmgurshed mamly by the color -
- of the flesh of the roots) are known. Wild varieties may exist in the Andean
* region; they should be sought and preserved. No analysis of the relative .
nuttitional and agronomic merits of even the exrstmg varieties has been done

Research on thls is needed. , S
. RE . ) .

Selected Re g

Constance L. 1959, The South American ‘species of Arracacia (Umbelhferae) and some

related genera. Torrey Botamcal Club Bulletin. 76:39-52. (
Hodge, W. H. 1954. The edible Arracacha— —-a httle known root crop of the Andes

N ‘_M-
Economic Boiany. or") 195-221.

_ Higuitia Muﬁéz F. 1968 Ei cultivo de la a.rracacha en la sabana de Bogota. Agrzcultura _
W Tropical. 24(3):13946. :
kN Hrgurtra Muiidz, F 1969. Comparatrve yield of nine \@netres of Arracac:a xanthorrhzza
Agricultura Tropical -25(9):566-70. erId Oop Abstracts. 24(1):1015.
\ Leén, J. 1967. Andean tuber and root. crops: origins and variability. Proceedmgs Flrst
% International Symposium. Tropical Root Crops, I Pt. 1: 121 5
Kay, D. E. 1973. TPI Crop and Product Digest No. 2: Root Craps. Tr0prca1 Products
- Institute, London ‘(Availabie. from Pubhcatrons Section, T roprcal Products Institute, -
/,,1-@ ‘ 56/62_,Gray s Inn Road, London WC1X 8LU, England Prrce. .&I 50 plus postage.)
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, ! Research Contacts and Germ Plasm Su,ppﬁ}’

h

Botamcal Museum Harvard Umversrty, Oxford Street Cambndge Maséfrchusetts 02138,
', USA (R.E. Schultes) NG T .
W, Hodge, 3 Uyuga View Rd., Trumansburg, New York 14886, USaA— -
Instrtuto de Ciencias Naturales de la Umver51dad Nacwnal Apartado 32535 Bogota
* Colombia (A. Fernindez-Pérez) .
* Instituto Interamencano de Crencras Agncolas OEA, Andean Zomne, Box 478 Lima, Peru




" ROOTS AND’T'UBERS B o = e S R

ATCOCOYAMS

fGreat effort has beer;u-ﬂevoted to ﬁtroduémg and adaptmg the potato to’ the |
lowland troplcs while indigenous troplcal root crops havé been largelyk
neglected C’o“coyams * native to the Arnencas are already adapted to tropical
'condltlons-and have- been successfuﬂy introducéd to other tropical, regions,
especmlly West Africa.” There: are about 3040 cocoyam species growmg'
randomly throughout the tropics, b/.\t only five or six are 1mportant sources
of edible,’ products Des {lltev their: adaptabﬂlty, acceptance, and commergial
food value, coeoyams ave recerved little “attenfion by Tesearchers. Con-
~sequently,, therr potential is not belng reahzed and their use is declmmg
Much of the pot‘entlil of cocoyams lies in " commercial (rather, than
. subsistence) production. If agronomists select high-yield, good-quality cuiti-
“vars, and develop a technology for thelr intensive cultivation, cocoyams could’
become a major “tropical food ¢rop. Their future depends particularly on
reducing production costs, pusmbly by mechamzmg some of the cultural
practices. ‘ ~
‘ Locoyams havé a central ‘tuberous_root (corm) surrounded by smaller -
. potato-sized tubers cog_gmels) Only the cormels are normally used for human
consumption. The corms are used for animal feed and for replantmg Capable
- of yielding 30-60 tons of cgrmels per ha cocoyams capbe grown in various
types of soil. Like potatoes, the eormels may be boiled, baked parboiled,
-fried in oil, or ground into ﬂour In West Africa, fresh ‘tubers are ground (to
* produce fufu) and used to thicker:, stews and soups P ‘

The cormels compare wi potatoes in nutritive value They contaln 2 -3
percent protein (fresh welght) but are deficient in lysine, methionine and
cysteine. Rich in minerals and vitamins, ‘they are palatable energy foods. The -

. tender leaves and shoots"are a nufritious spmach like vegetable ¢

- ~Some cocoyam varieties yield a cormel crop in as little as 3 months others
“in 10 months. Cormels can be harvested md1v1duall)7\as each matures, or they |
can be left uritil all mature and then harvested s1multaneously Some cultivars -
~ (in fairly dry soil) can be left in place for as long as 2 years w1thout the
cormels deteriorating. Harvested cormels can be stored in a cool, dry prace for ™
2-3 months with little effect on quality. \
Cocoyams grow best at/low to medium altltudes in the humid (frost- free)
troplcs Riverine land, too Wet for sweet potatoes and yams, is well suited for
- ‘cocoyams..Some varieties, however, also grow well in dry soils. For. ootrmum

- yrelds they require deep,,weli drained, rlch soil and 140 200 mm of rain, well

v - N
i S “\4.

*Xanthosoma sagittifolium, Xanthosoma vzolaceum Xanthosoma braszlzense Xantho—
soma atrovirens. Also known as tania, tanier, yautia, new cocoyam, etc: Fa_rruly_ Araceae,
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drstrrbuted throughout the year. In areas where the ramfall IS\ madequate they
can be grown under irrigation. : '

Cocoyams can bg grown within-a wrde temperature range, ‘but d?o best in
an average annual temperature of about 24°C. They are relatively disease- and
"pest- -free. The: most common diseases are soft-rot androot-rot. Care must be
“taken to:avoid brursmg the tubers durmg harvest; otherwise they are. hable to

\rot in storage ‘

z

LIMITATIO.NS.AND SPECIAL REQUIREMENTS : .

b
Because vrrus dlseases can devastate root crops, extreme caution shou}d be‘
exercrsed and quarantme enfor)ced whien c:ocoyams are mtroduced tol new

areas. . L b ag

Cocoyams Tequire abundant/and well-distributed rarnfall Where prolonged

: ~droughts occur they are not hkely to flourish unless 1rr1gated

~L1ke most root. crops cocoyams have specific soil requrrementsr ‘

“harvesttd (as shown here by the stump visible in the' cenéer of the roots) leavmg the

_{plant in the ground for the others to mature (D L. Pluckne ). : S =

~~

T st s il

5 : : s ’ : R

Cocoyam .roots and the edible corms that surfound them. Individual corms can be’.




“In~ commelual venlmcs “where (.owyams am*g}rown undel mass L\;ﬂtl- ' ‘
uV"mon pest and disease ploblem‘ can bL e)\pegud tomuease in m:vulty ot ' o
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‘Many cocoyam varieties EKIS’[ and they dlffer w1dely in v1eld adaptatlon to
soils and climate,, plant chaxactenstlcs corm size, pa latability, and starch
iéties musf be collecledotrom many troplcal regions and

A

content. Such vt

ete1 mmed
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' Supenor varieties should be ﬁeld tested together (under quaramme) to
determine perfor\mance #hd cormel  quality. With the genetic variability
ava]lable and the simplicity of clonal selection, varieties with increased yleld
and quality and higher protein levels must be selected.

Many (or most) cocoyam plants ar€ infected by virus. Although’ not fatal~
to the plant, the infection does reduce yield. The virus is found in the corms
and cormels, S0 plantmg them transmits the virus. But reproducing cocoyams
by seed—generally thought to be nnpossrble ‘but recently shown by
“researchers: at-the ﬂnwersrty of Florida: (see address below) to be eminently
feasible—produces new' plants that-are virus free. The modern technique of.
‘tissué -culture also prormses to reémove. the- infection. Once virus-free
cocoyams are obtained, a certification program and str1ct quarantme w1ll be
“peeded to avoid reinfection.

Other agronomic factors requrrmg research are 3pacmg, fertilizer, soil.and
-water requirements, pest and -weed control and a complete study of the -
phys1ology of tuber formation.

Nutritional research is also needed because nothmg 1is known about the
brologlcal value of cocoyam protein or the digestibility of the starch.

Research is needed to industrialize:cocoyam products. The feasibility of
producing fried ‘cocoyam chrps and flour on a commerc1al Scale should be
mvestrgated R : ; L

%{ ) -
R K :

Selected Readmgs

Abruna—Rodngues, F E f} Boneta-Garcra andJ Vlcente Chandler 1967 Experlments Y

Agnculture Unn!ersuy of Puerto RICO 51(2) 167- 75 (Avarlable from The Agri-

*" culture Experiment Station, Rio Piedras, Puerto Rico.) .- . . e
Coursey, Dr. G. 1968. The edible aroids. World Crops. 20(4):25-30. ‘ )

Coursey, D. G.;"and P. H, Haynes. 1970. Root drops and their: potentral as food inthe . |
tropics, WOrId Crops. 22(4):261. ° ' . ’
de Albuquerque, M., and E. Pinheiro. 1970. Bugrosds Feculantas. Sene Fltotecma ‘
1(3):33-47. Instituto de Pesquisas € Expenmentacao Agropecuanas do Norte »(Now '
“Centro de ‘Recuros Naturais de Amazonia, Belem Para ‘Brazil.)- ' i
. Irvine, F. D. 1969.. Xanthosoma. In West African Agrzculture 3rd Ed. Vol 2: ‘West !
African Crops. pp. 177-9. Oxfoid University Press, London. [
Kankan S. K. 1971. Cocoyam cultivation in Gharfa. WorldJC‘rops 23(3): 118 22 ; .
Kay, D. E. 1973. TPI Crop, and Product Digest No. 2: Root Crops: Tropical Product -

Ins}rtute London. (Avallable from: Publications Sectron, Tropical Products Insfitute, - o

56/62 Gray s Inn Road, London WC1X 8LU, England. Price £1.50 plus.postage.)
Morton I. F. 1972.. Cocoyams (Xanthosoma caracu, X. atrovirens, and X: nigrens), f
; ancient root and leaf” vegetables gammg in economic unportance Proceedmgs of
" Florida State Horticulture Socrety 85-85-94. e ;‘
, Praqum JY.and H. C: Miche. 1971. Essai de conservatwn de taros et macabos au

Cameroun. Instltut Recherche .Agronomique Trop,lcales Rapport prelim - No. 1
: Dschang\ Station, Cameroon. . g ; A
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% Winters, H, F., and G. W. Miskimen. 1967 Vegetablp Cgrdemm? in the (’arzbbebn Area.
‘ ) AgricuTlture Handbook No. 323. pp. -17- 79 LU.S. Department kof Agriculture,
Agriculture Research Service, Washmgton D C USA. .
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Research Contacts and Germ Plasm Supply
_Agri(.,ulLuft‘: ; 'pr’li‘ iment SL&ﬁOi‘l Box H, 1\i0 Pleuma, ruE‘:‘L’ G RICG 00928 (H. Irizarry) i
" Agriculture Research and EdLlCdthn Center Univefsity of Florida, 18905 S.wW. 780 St.,
~ Homastead, Florida 33030, USA (R. B. Volin) - Ly
Deparfment of Plant Pathology, Umversny of Tlondd deeszle Florida 32611, USA
(F. Wy Zettler)

~ University of the West Ind:es St. Augustme Tr]mddd d. A Sance)

TARO <

The tarb* is w1dely grown 1ts tuberous roots are I‘lCh in starch and like
' /thatees,' can be boiled, baked, roasted, or fried in oil, However, only in

Egypt, ithe Phlhppmes Hawau and certam other Pac1f1c' and Caribbean _

jelands
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is .the ¢arb a commer01al crop: With increased’ " research and. "~
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ar-round produotlon tould help overcome food shortages. It has
ar potentml for marshy, waterlogged regions and for coastal and
d regions (because some cultivars are hlghly salt tolerant).

=rground taro usually has one central corm and 6-20 spherlcal cormels

it. Both corm and cormels are eaten. They- aré often used as rice

" substitutes in Pacxflc and Asian countries. From the flesh, which is usually
mealy 4nd has 4 delicate, nutty flavor, a flour similar to potato flour can be
. produced for soups, biscuits, bread, heverages, and puddmgs Easily dlgested
taro starch can be used in baby foods, hypoallergemc foods, and as a cereal .
substitite in diets for victims of celiac disease. In Hawaii, taro is méde into ~
poi—a paste made from boiled, mashed corms fermented a d'ﬁ‘y or $0. It is also
sliced and fried into taro chips. ' ' 3
Low in protein and fat] taro is essermally z; carbohydjate food
Nutrmonally it compares favorably W1th other root cr0ps—cassava yams
‘ o
*Colocasza esculenta (L) Schott (sometlmes called Colocasm antzquorum ) Also khown
as old cocoyam, dasheen malanga tania, tanier, tanyg.h elephant, ear. Famlly Araceae i

\
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'

Taro corm surrounded by" the edible tubers. The varlety shown here is the dasheen
(U S, Depflrtment of Agmulture) - :

a;-)

Irish potdto sweet potato— and with cereal*crops esPeclally rice. It is a good
source Of mmerals calcmm phosphorus, and vitamins A and B. Taro leaves
-and petloles can be cookeéd and eaten like spinach. They prov1de protem ‘
calcmm ‘phosphgyus, iron, potassium, and vitamins A, B,and C. =~ ’

“Taros are adapted to flooded envuonments and, like rige, can be grown in
paddy culture.” Under paddy they are grown in all soil, types They grow
rapidly if fertlhty and water levels are’ maintained; the corms mature 6 18

. months aftel plﬁntmg © S
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¢
Taro farden, western Samoa. Heré the crop is being grown under dry-land conditions.
(D. L. Plucknett) .~ ., . ‘ oo = . .
\ : o i . St .
: F
AL ;
v =
; .
th marshy areas such as this in -Hawaii, taﬂb“"fis grown like rice under flooded paddy il
conditions. (B, L. Plucknett) -~ .. - . : e T
- . . ® . . . R o 5 ]
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: varrcty

214 million kg of corms have been produced from only 69 ha. In 1969, the

;yreld of 22,400 kg/ha the gross income per "ha was -almost $4,000.* ' ;

Taro can also be growrt in dry, upland areas if water is provrded by 0
errgatron or by rainfall (mulching may be needed to marntarn high soil =~ °
moisture). Grown ““diy” the best results are obtained on deep, well-drained,
friable (particularly alluvial) loams : & : ‘

The plant responds well to. intensive agriculture: land preparation,

- planting, and harvesting can take place durmg all seasons.- A field may often

have taro plants in various stages of maturrty and the grower can also sell
thcm year-round-as they maturg,,
. After harvest the tubers catl

stdred for up ft'o 3 months depend'mg on
In Hawaii taros have a high and profrldble yield. In the island of Kauai, -
prices paid for raw corms ranged from 17°t0.20 cents/kg. From an average

. Several taro types, characterized by numerous “symmetrical, smaller tubers-
called dasheen@ are grown'in dry-land agricu tqre Although popular in China,

'»Japan and among Asians throughout the tropics, dasheens are Iargely‘

neglected plants. With high yields, high nutrrtive value, and superior keepmg Lot
quality, they have great unrealized potentml Grown either Fain fed or
irrigated, dasheens mature more rapidly tharj paddy-grown taro— arjtd +yield J
less. They grow best 1 in_loose, water- retentrvd clay-soils. Usually plafited at !

. the begrnmng of the rainy season, they. can, if caféfully, managed bé -

produced year-round. Dasheen shoots are high ily prized by the Japanese\and
rfcanned they offer tr0plca1 countrres a good xport potentral :
k N

{
AN ¢
i

LIMITATIONS AND SPECIAL REQU’IREME’NT(S

. hours of work 1n muddy, floodegd-

: *Plucknett and de la Peiia. 1571 See Selected Read]ngs.

~spread phytopathogens which severely decrpase yield, to new areas.*For ~ ©
" example, the virus diseases and the taro leaf

ki

Transpmtmg taro root germ plasm throughout the world is Jdancrerous It can i

per, Tarophagus proserpina.’

Klrkaldy, that transmrts them, occur in Ne Britain and the British Solomon

Tslands. Importing germ plasm, from those, §lands must beavoided at all coste.

Taro growing requires intensive effogf. It ¢alls for manual’labor and long, »
helds; c:onsequently vi’ts production' is et

decreasmg |-

With all’ the varratron avallable it s esscntlal to select the approprrate :

~ variety for the-specific locatron For optimum. results taros requtre ‘hot,
hum‘rd condltrons wrt é:dar}y/ average temperatures of 21- 77 G. In mdre

perrod . v '
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ROOTS AND TUBERS L <o 4L

[
- - \ !
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Water control is absolutely necesESdry' Upland taros and dasheens réﬁuire
well-distributed, . year-r round rainfall - (or substitute 1rr1gat10n) and -a -long

: growmg season. ; : ‘ -

- If stored, corms must be kept dry ‘and i mjury free. Dasheens can be stored
at 10°C .for up to 6 months. I Egypt taros are stored at 7°C for more thdn® ~
months at'a time. Solomondslands taro corms cannot be stored; decay begms .
within a week of harvest. ‘ e

-

RESEARCH NEEDS - | s

,Phytopathogens such as’ dasheen rh\o\sa\i virus are. widespread among taro.

Removing the pathogens will give aps megdmte increase in yield. Repro-

~ducing taro by planting corms and corniels also-transmits the infection, but
' two_ avenues promise to “produce virus-free plaan txssue Cultu’re and °
. 'reproductlon via seeds. Taro tissue culture has been successfully accomphshed
“in Hawaii and offers Wope for clearing cultivars of viruses. Though taro will
,ﬂower,, and set seed, there ‘has never been a breeding program either for,

removing pathogens or for genetic improvement. Once pathogen-free taro is

< Te o )

Peeling taro, western ,

Plucknett)
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obtalned a certlflcatlon program and strict quarantine lel be requned to
maintain it.- : . N t ‘
* In Hawa11 taro and dasheen Va‘rretres are well known, and production
techmques well developed.” The "U.S. organizations that" fund technical
asdistdnce should support efforts to distribute varieties and disseminate
informatiorf aboyt taros and dasheens throughout the tropics. , .

Taro productron must be modermze mechanization, crop management
" systems, ‘and vﬁeed control are the mostdc\rr?@q needs. Mechanization in the
paddy. envuonment offers engineers a great challenge. Mechanical methods '
_ for planting taro are badly needed. Plantmg on ridges is a possibility (it also
srmphﬁes ‘water control and harvesting). Mechamcal harvesting is even more
' challengmg Ultimately it may prove necessary to drain and dry the fields
before ‘mechanical harvest Adapting small, hand-propelled rice cultivators has
brought some. progress in mechanization to Hawaii.* Upland taro mechaniza-
‘tion is in ‘its -early stages, but it, can be done’ (on a plantatron scale) usrng
: modrfred tomato transplanters and pot‘ato diggers. o

' Research on virus diseases of taro is critical. The virulenf virus maNew
Britain and the Solomon Islands, is under study (at Malaita; see- “Résearch -
: Contacts) but increased support and effort is essential to prevent its spread

. "to new areas. - . i "’ R “

The. pathogens responsrble for decay of stC)red corms have been 1dent1f1ed
research’ is needed on the use of fungrcldes and other methods to combat *

- them. : i T -
~ ~ The development of. processed taro fooa products that could be used in
hypoallergenlc specialty foods would stimulate interest in-the crop. ",

‘Basic botanic and agronomic knowledge of dasheens is 1nadequate Much -
~ more. research is warranted. Collectlon and evaluation of dasheen varieties .

would be an unportant first step. Cultwars must be collected and conserved
to preven their loss. - =~ -

o
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aya;* a. fast growrng ornamental and shade shruh is a sdurce of nutritious
gr sert leaves and shoots It requires’ litle. marntenance (for exdriple, ‘the soil’
- around it does" not need- tﬂlrng) and produces large amounts of greenery for
oy .ars A few plants grown experrmentally in Puerto Rico have outgrown and
0 tpr"oduced all-other leafy vegetableg,_i; L : :
The attractive shrubs, 3-5 m. tall, pre often seen as _hedges m Mexrco and
onduras Native- chaya grows in thrckets or. .open forest (often in rocky
ces) at .altitudes’ ap to 1,300 m, There_are WO forms: Cnidostolus
onitifolius. is. found in natrve dooryards from southern Mexico té Costa
ica; andoscolus ch.ayamansa is grown as a hedge or dooryard plant inr the
ucatan penmsula of Mexico. and in British Honduras Cmdoscolus chay-
L mansa is occasronalr"growﬁ‘ in Florrda and Cuba, but seems. not to ‘have
been drssemlnated to other Tegions. * - R
e Chaya S young shoots-and tender leaves are cooked and eaten lrke sprnach
: jkeportedly ‘they ‘are hrgh’ ifv- proftdin, - calcium; - iron, carotene thiaming,

“ iriboflavin, niacin, and ascor;/hrc acr,d They are probably surtable for canning
Tor freezmg | for local and’ export markets but thi§ has not yet. be\en attempted.
1 So fara chaya appears’ free/ of the - pests. and drseases that plague green
o ard‘en vegetables,m tropmal chmate an important econiomic and ecological
/ advantage However; horn worms cjan raprdly defolrate 1t (but the plant‘
! qu1ckly recover their leaves) e RN

‘ i -\Chayw 1§ . ropagated from” stem asuttrngs and woody “stem sectron'
{ ,: r; germinate readlly Edrble greenery is rproduced within'2 or 3 months. Becausr

of the softness of the wood, the plant is easily pruned and maintained wrthrr
‘reach~of the grotnd. - The plants tolerate. heavy ramfall ‘and. respond witl

; .;fluxunous growth Drought is also. tolerated and plants recover wwell when thy
’?;V?ramretums SR N B p -
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’;"“"""E‘mdoscolus chayamansa McVaugh and Cmdoscolus aconmfolgus Also known as, tree
o tvspmach Famrly Euphorbraceae . . “
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Iﬂrexhly pluukud chaya leaves Betorc bcmg Ldth t]uy are: boxlud in \val%r and beuomé
tender, but chewy. (J. Mmton)

w

E

V\"v -

LIMlTAfIO’NS AND SPECIAL'REQUIBEMENTS

N o . 4
\;

~ The hortu,ulture of chay'l has never been studled

5

- The" plants vary from smooth to hairy, and the hdll\/ plants Slmg like
nettles, so that harvesters must wear ‘gloves. The;stinging “disappears with
cooking. Cultivated” plants are almast free of stinging hairs; it is likely that
this is the result of long years of selection by the harvesters.

Chaya must be ~cooked before gating: the fresh leaves contam toxic |

: hydrocyamc glygomdes but cookmg inactivates them. -



.., Chaya gl'OWS prod1g10usly and can teach .a helght ofmore than sn(feet ThlS single plant
'"’is just. three years old (F: Martm)‘, .

RESEARCH NEEDS - R T
Experlmental plantmgs of cuttmgs of andoscolus c‘hayamansa (the less haer
of the two species) should be estabhshed and those plants selected that have .
a minimum of hairs and contain a, minimum; fhydrocyzﬁnc glycosides. = !

Bioassays should be undertaken to verify ‘the apparent. wholesomeness of
this vegetablea—specaal attention should be pald\to the toxins. - Clen

“Trial- plantings should be made-to determine yield ‘per hectare 1ab0r
requirements, and, other factors bearglg on the fea51b1hty of commercml
production. S T ST e
~aInvestigations should be made into the potentlal f

‘ marketmg the product—fresh, canned, _or quick- -frozen,

" Cuttings should be dlstnbuted for testing in t1op1<,al areas. outs"&e rth

native home o ’
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o Researc : Cont.*cts nd Germ Plasm Supply N

Colegro de Pogtgraduadpos,

(E. Herndndez X), 1}«

Jefe de. Campo Uxmal, Ce tro de Investlgacmnes Agncolas de lafPemnsula de Yucatan, e
No. 144,{Col. Nueva Aleman, Merida, Yucatan, Mex1co (P. Villanueva P.)

,scuela Nacronal de Agrrpultura Chapingo Texcoco Mexico

Calle 31-A,
‘Mayag_i‘xez étitute of Tropical Agriculture; Mayaguez Puerto RlCO 00708 " *

Oficina de | éenica, Edificig, “Centroamericana,” 7A, Avenida 7-78, Zona 4,
Guatemala Central America (J. Cohna Campollo)

'-«..

Thbre is an mcreasmg market throughout the world for expenswe BXOtIC
foods an example }is the -growing- demand forr_!palm hearts.*>A. tropical ]
dehcacy, palm ‘heat s are -the growing tips of pa,]{n ‘_trges Reminiscent of”
- artichoke hearts, they may be added to salads, ser‘Vedﬁs“aXvegetable or used

‘10 enhance the. flavpr of other vegetatﬁ;nles Although the demiand ] for

hearts is larger than/|the supply, little awareness ot their commeraral pz)t tral
exists outside Brazil gnd Costa Rica. ' ‘ R ,
‘World consumption iricreases daily, Brazil’s abundance of wild pahrmhas
\long been utilized, i but rising ‘demand is threatemng ‘theit ext ctron to
\ obtain the heart, th tree must be killed. o e R ‘
o ltrvatlon of alm trees for palm hearts is long overdue Cultrvatxon

B
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|
l}’Many palms can be used as a source of hearts of palm This'is Euterpe edulis, which, in"
iBrazrl is widely harvested for this purpose. The: “‘heart” is inside the smooth portion of
Ethe stem, visible here between the fruit clusters and the leaves. (W. H. Hodge)

i — r

s Y/ oo :

lhe thmmng wild stands provide economlc mc:%ntwes for plantatron culture. - |
I’ri Brazil, replantmg - is already mandatory ﬁnd cultlvatlon is - being -
encouraged : ’ : -

The -palm heart is a cyhndrlcal bundle of leaf bases. The heart may. be

) several inches in diameter and several feet long Its composmon and food
" value is snmlar to that of cabbage (Brasszca) :

t The pOSSlb]_lltleS of establishing palm hearts asa plantatron crop are good.
Fast growing palms, well suited, for this purpose, are recognized, and other L
potentlal spegies are abundant. A few, such as pellbaye (Guilielma gasipaes; .
sele page 73), produgé several stems emerging from a common root cluster S0 K
that only one stem, not a whole plant, is sacrificed to harvest the heart. ~

'In the past, p@l‘hn hearts have'been harvested entlrely from wild specimens
oﬁ Euterpe, Prestoe, Guzlzelma Roystonea, Sabal, Acrocomia; and other
palms in tropical America and the Wést Indies. Brazﬂ is. the principal supplier

f[ canned  palm ‘hearts for ‘the  North Amerlcan ‘market. Brazilian }assar
palms (Euterpe edulis Mart.), both wild and cultivated, have been a source of
palm hearfs since the m1d 19605 In the past few years in Costa cha,tpejlpaye

[ ) o «




‘The heart of a palm. (R. W. Read) . ¢

N

.palm has been set out in plantatlons for the produutlon of pdlm hearts. When
the Seed_hngs are 3% years old,-the hearts are harvested and canfed. lt is
reported  that other potential commercial palms are “Sabal spp.. bz_,u‘ape

oleracea Mart.,” Caryotu spp., and the coconut palm Cocos nucifera L.

@

i,
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Canned hearfseof palfn a'r‘e_ widely ve‘x‘porteg. (W. H. Hodge) L

4 ) "1’- "i . ‘ LA

Euterpe and pe]lbaye are. common in humtd tropical forests of South

Amerlca Euterpe also grows in the West Indies, while coconut thrives on
troplcal coasts and nelghbonng mland regions of the northern and southern

herruspheres Caryota spp. are common in forests at low and medium eleva- )
“tions in the Philippines and throughout Southeast Asia. Other genera known

for the. whoIesomeness and palatablhty of their hearts are Astrocaryum
Genonoma Hyospathe Irzartea Prestoegs, Socrates and’Welfia. '

X" i
"i.:,‘
o ain

| LIMITATIONS AND SPECIAL REQUIREMENTS R

Not all” spec:les of palms have edible hearts Some are blttex’Mough.énd 2

some may actually be toxic (for example, the heart of Oranza species), Some
hearts are very difficult to remove. Coconut palq}s are subject to serious

.
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drseases (such as letha] yellowmg) and it~ is not known what effect such
dlseases would have on the quahtyv of the termmal bud at the time of harvest .

b ' | .

| -+ L o . B R

RESEAR‘CH NEEDS . ; -

THe ﬁrst requuement is to collect as many promrsmg species as possrble in
order to select| palms appropriate for use as a palm-heart plantation crop.
Trral plantmgs should be made to deterrnine if any can surpass the current
com nercial palm heart sources. | . :
; Studies of the botanical, agronomrc ~and economic asPects of palms as raw
materral for palm hearts are essential. Surveys should be made of existing
palm heart plantatrons to note the present procedures and possibilities for
unprovement Research is needed to clarify the details of productivity, labor
requrrements and Economrc return to grower. and processor. N

\
o \

S‘elected Readi‘ngs L TR
Camacho, E., and J Soria V. 1970. Palmrto de pejibaye. Proceedmgs Troptcal Regmnal
Ameérican Society of Horticulture Science. 14:122-32.
. Hodge, W. H. 1965. Palm cabbage. Principes. 9(4): 124731
; Ledo, Marilene, and M: Cardoso. 1974. Instrucoes para a ‘Cultura do Palmztezro (Euterpe
’ eduhs) Superintendencia do Desenvolvimento do Lrtoral Paulista, Instituto Agro-
nomico de Camp{nas Sdoe Paulo Brazil.
See addltlonal references on pages 76-77.
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Researef'f Contacts and Germ Plasfn ?Supply
' Balley Hortorrum Cornell Umversrty, Ithaca New York 14853, USA (H E. Moore)
~ Department of Botany, Srmthsoman Instltutlon, Washmgton D.C. 20560, USA (R. W.
Read) e
Dlrgctor Botanical Survey of Indra P.O.- Botanlc Garden Howrah, 711 103 Indla
Heﬁarlo Barbosa Rodrlgues Aven Marcos Konder 800, 88300 Itajal Santa Catarma,
Brazil
Jardin Botamco gel Valle Apartado aereo 5660 Cali, Colombra (v. M Patlno, Drrector)
-Las Cruces Troprcal Botanical Garden San-Vito-de Java, Gosta Rica, C.A. (R. G. Wilson)
- Library a,nd Terminal Services, Céntro Interamencano:de Documentacron e Informacron
Agncola Turrlafba Costa Rica ' ' :
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"wAXGOURu S
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,GroWn througho'ut the 'Asian tropics, the wax gourd* is little known
elsewhere. Its melon-like fruit has a thick flesh that-is white, crlsp, and juicy.
- An outstanding feature is its resistance to spoilage. Preserved from attack of
T microorganisms by its. waxy coatrng, the fruit can be stored wrthout
I ,:’“refrlgerauon for as long as a year. The plants are prolific, rapid growers (over
a 4-day period one shoot grew an-average of 2.3 cm every 3 hourst). Three
or four crops can be produced each year. The wax gourd is now grown marnly
as -a HUUSE’HOIU LIUP, DUI. Lﬂe maﬂ(e[ LUUI(l DG greduy exp'dnuea ll nas
'lmportant potentlal as a new vegetable for large areas of Latin America and
Africa, : Lt :
. ‘The fruit can - be. éonsumed durmg various sfages of rnaturrty The _
"“,mlld-ﬂavored easily drgested flesh may be- used as a ‘cucumber substitute, a
cooked vegetable, or food exfender. The Chinese-use: it in soup.. InIndia and
: Cuba a popular sweet is made by cooking the pulp'in syrup.
_ The fruit confajns 96 percent water, 0.4 percent-protein, 0.1 percent fat
3.2 percent carbohydrzfte and 0.3 perceht mineral matter. There are two
f‘.dlstmct types: round and- elongated Harry when ‘young, they . grow to
» immense propertions. They may _measure as much as 2 mlong-and 1 m in
dJameter and weigh up to 35 kg. The thin, tough skin is coated with white,
‘chalky wax. (Some varretres have minute hairs even when mature. ) Thé pulp
has many flat, oval, light- -browrf seeds up to 2.5 cm long, which can be fried
and eaten (like pumpkrn seeds) They also y1e1d a pale yellow oil, whlch has
not been studied. > =~ - . B =
Young leaves, ﬂower buds, and vine tips are boﬂeti and’ eaten as greens
~The - plant, ﬁn. annual, creeping vine; resembles # pumpkin vine. It is
reportedly easier o grow than any other cucurbit (pumpkm squash, melon, -
: etci Usually planted on mounds or rrdges the fruit is harvested in'less than 5
_.months; in Sri Lanka, seeds sown in- the rainy season produce 'wax gourds in 2
months. ‘The plants can be grown on a. trelhs but since ‘the heavy, succulent
k »‘frurt needs strong. supports, the plants are sometimes grown over roofs and
trees. In. Chma the. seed is planted on the banks of vﬂlage ponds, and the _
plants grow over a bamboo framework erected over ‘Wwater. -This method
~ provides abundant water for the plant, and ‘the framework over the ‘water
. .“permrts the land to be used for other purposes T e

*Bemncasa hlsprda (Thumb) Cogn (B. cerzfera Sav1) Also known as whrte ‘gourd,
“ashgourd, and. petha. Family: Cucurbitaceae. ‘ . ]
- tHerklots, G. A. C. 1972. See Selected Readings.







L maturmg_t;rurt by its® waxy coat. B , : o
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The wax: gourd is relatively drought tolerant In Indra the furrows are ="
oocled at weekly intervals during the dry season, but not durmg the rainy

- seasorn, unless there has been no precipitation for 10 or 12 days. {
" The seeds remain viable for 10 years and germinate in I or 2 ‘weeks. Pest
- and disease problems are minimal. Young fruit is*protected by its| harry cover,

'LIMITATIONS AND SPECIALREQUIREMENTS/ N

EThe wax " gourd ‘is an ideal food for those with excess weight or digestive
problems Its only handicap is its.mild taste: Those accusto ed to richer fare
“may not like it without the addition of seasonmgs or other vegetables or
fruits of strong flavor It is- srrrular in ﬂavor and texture to the chayote
(Sechium edule).. ‘ : :

‘Wax gourds grow best in meduirn dry lowlands They do not grow wellin -
hrgh-ramfall areas. . : T o e

1 4
LT

. RESEARCHNEEDS- ,

Mmrma] research is needed to extend the use: of wax gourds. The prrmary
'need is to acquaint farmers and consumers with its possibilities.
‘Eood technology studres to develop its market potential could help 1ts
mtroductron to new areas. :
@ommercral seed sources are needed

'

Selected Readmgs

Agmbot.n B. N. 1948. Petha—its cultwanon and ecoriomic uses. I & ] Indum Foodr
-~ Packer. 2(2): 9 10;and 2(12):17-18. ' =
He:klots ‘G, A.-C. 1972, Vegetables in South-East Asza Hafner Press, Macmi\lan

: Publishing Co., Inc., New York. T :
Morton §:-F. 197%. The wax gourd—a year-round Florrda vegetable wrth
keepmg quahty Proceedings of Florida Stafe Horticulture Socrety 84:104-9..
_Srivastava;- V. K., and S. C. P. Sachan. 1969 Grow ash-| gourd the. efficient way Indum
HorttcuIture 14(1) 13 g;
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"Research ContaCts and Germ Plasm Supply -

‘Tropi-Pak, 3664 N.W. 48th St., Miami, Florida 33142, USA (D. Murasaki)
E. R. Witt, 1037 Brock St., Corpus Christi, Texas 78412, USA -
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'WINGED BEAN )

»\The -winged-bean*y is a troprcal legume with a multrtude of exceptronally u

large nitrogen-fixing nodules. 1t'produces seeds, pods, and leaves (all edible by -
" humans or hvestock) with unusually high protein levels; tuberous roots with
exceptronal ‘amounts of protein; and an edible seed oil. , '

The winged bean has important potential for small-scale farmers lt is a
,fast-growmg perennral that is particularly valuable because it grows in the wet

_tropics where protern deficiency in human diets is not only great but drffrcult
‘to remedy. Winged bean seeds rival soybeans in oil and protein content, and
~ the plant has the added advantages of protein-rich roots and edible foliage:

Though relatively unknown, this multipurpose legume appeals to meet -
many dietary needs of the tropics. It is grown in quantity only in Papua New

*Guinea and Southeast Asia. - -

A twmmg vine, it grows to  over 3 m when supported The pods haVe four
~ longitudinal jagged “wings” and they contain up to 20 seeds, each, weighing

‘about 3 gm. The smooth, shiny seeds may be white, brown, black or mottled.
The rpots are numerous: they grow horizontally at shallO\;\/‘depth and become
thick and tuberous about - 2 months after planting. Excellent. nodulatron
‘without need for moculatron has occurred wherever the crop is grown, even
. on-sites cleared from virgin_ forest Individual winged bean plants may carry

~over 600 nodules, and the fresh weight of the large nodules can reach 0.85
tons/ha.f

Neither pests nor dlsease appeat to be a serious threat. Nor do soil -

- requirements appear to be demanding. Wrnged bean crops have always been’
-grown in reglo‘ns having fairly heavy rainfall. The lower limit has not been
estabhshed The plant thrlves in regions w1th an annual rainfall of 250 cm or
more. \

- The wmged bean is cultivated largely for 1ts yOung, tender pods which are
shced and cooked much like green beans. Pods are picked beginning 10
weeks after " sowmg, and the plant continues' to bear pods 1ndef1n1tely The
young leaves and shoots may also be eaten as a leafy vegetable .

_ * Unripe seeds can be used in soups. Ripe seeds are roasted and eaten like
- peanuts. The nutritive value of the ripe, dry seeds is.very close to that of *
- ..*Psophocarpus tetragonolobus (L) DC Also known as four-angled ‘bean, Goa bean g
* asparagus pea. Family: Leguminosde.

1The excéptional promise of this plant is detaﬂed in a compamon publication, The
Winged Bean:-A High Protem Crop for the Tropics, avarlable without charge To order

. see page 188.

':]:Masefleld 196l See Selected Readmgs
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Ia Papua New Gumea wmged beans are grown~ on stakes for pods and seeds (back-
ground) and grown unstaked fot ' tubers’ arid as a ground cover (foreground) The,
plant grows vrgorously, forming dense masses of vegetatron Prostrate plants sel.domv
HOWer but staked plants ﬂower and bear coprous fruit. (N D. Vretmeyer) o

-,
a
L

soybeans (34 percent protem and 18 percent 011*) The protem s hrgh in -
" lysine—8 percent of the ‘total amino-acid content. (wrthout tryptophan) "More
than 60 percent of the fatty acids in the oil are unsaturated. The seeds are
rich in tocopherol ‘an antioxidant that Jncreases vitamin A use in the human
bddy (vitamin A deficiency is common in many tropical regrons) -
., - The wmged bean may have high yreld potent\ﬁﬁ YreIds of about 2.5 tons of
S seed/ha have been reported’r Tf this is conﬁrmed as™a fair average the winged |
bean will be among. the top-yielding troprcal grain legumes. : ‘
* The unmature tubérous roots are eaten like potatoes. They are reported to
' contarn over 20 percent’ protem (dry we1ght basis). An edible tropical root
= crop with such hrgh protein content could be of 1rnrnense help in reducing
. protein malnutrltlon part1cularly since wrnged beans grow well in the regrons
where inhabitants| already livejon low proteln 100t crops sgfh as cassava:
Perhaps after- harvestrng= ‘the crop. for pads; seeds, or roots, the hau]m ean -
be fed\to animals. It is reportedly palatable to livestock. i Like all other parts
of the wmged bean the fohage has a,remarkably hrgh protem eontent .

. . - N - . . .
' . ‘« ; c RN IR ) : -~
. . . P e - = . .

LMITATIONS AN D SPECIAL REQUIREMENTS
Wlnged bean vaneties now cultlv’ated for pods and seeds must bé grown on
stakes Thls-and the fact that-all pods do not npen sunultaneously~restr1c:ts’

*Pospisll et al 1971 See Selected Readrnga
TIbld ;‘j L - ':’ ) 5 T ’ - -
Coglbid T AT U
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Small charcoal- blackened wmged bean tubers cooked mj1ot ashes by hlghland tribesmen
in.Papua New Guinea. The tubers contain ten or twenty ‘times the protein of other 1oot.
grops. (N. D Vletl’heyer) o

&
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‘ soﬂ cond1t10ns that give optnnum yields.

'”:‘h vesting first a seed c/top and then a root crop, mamtammg reasonable

S

e
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their -use “to the small (or village) farmer The wmged bean cannot yet be"
considered for mass commercial plantmg » . :
Because of antinutrition *factors, mature winged bean seeds must first be

" cooked before they can be used for human consumptlbn *ITh1s phenomenon

is common to several other leguminous seeds, 1nclud1n soybeans. Immature
seeds can be eaten raw without ill effects. ;
The chmatlc requlrements of t.he w1nged bean have\not been studled in

dep th. - - )

R

. s . .
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‘RESEARCH»-NEEDS o \

&

A detaﬂed analysis. of wmged beaw research needs appears 1n\the companlon
report: The ngeii Bean: A Hzgh -Protein . Crop for the Troplcs (See page
187. |

‘Because seed sources are scarge, the varietal composmon is vutu/ally ks

aunknown. It will be necessary to collect several varieties, eSpec1a11y in
Southeast Asia; to propagate them; and to run comparative trials (with seed
from various sources) in the ‘wet tropics of Africa, Latin Amertca and Asia. .
The chief obstacle to the further mvest1gat10n of the crop is the d1ff1culty
in obtaining seed. There is little avallable because there Has never been a need
for it in -quantity. Seed - supphes must. be increased beforg large scale‘
~experiments :can be undegtaken The best seed available ‘must b&: used; a
random selection may lead to unjustifiably poor reSults.

Variations in pod length ‘and” ‘number - ‘of seeds per pod shou]d be .

. * considered when seeking high- y1eldmg varieties. There ‘may also be genetic

“variation in root yield, or in foliage y1e1d and composmon Only comparatlve
trials can provide definitive answers.

~The phenology of different vanetles should be studled for use in breedmgg
* programg aimed at producmg high- y1e1d1ng types W1th umfof"m time of
ﬂowermg and seed maturation./ = s

Research is -needed"to’ fmd agronomic practices, climatic cond1t1on‘ -and

The relative yield of pods and seeds from supported and unsupp“rted '
should be explored, Tt would *he useful to investigate the p0551b1h7 of

-4

Thewmged béan’s abplty to, enhance soil fertlhty for sul sequent/crops is

asaforage ‘ S ,;sL - /

FIVEN

- *Creyost and Lemarié. 192]. See Selected Readings. ~

A
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JPossible toxicants and antinutrition factors in the mature seeds reed .
analysis and detailed study. Research should also include an amino acid assay
and an 1nvest1gat10n into the overall nuiritional value of the roots ‘

Other major research needs include: | .

» Determining digestibility of protein at different stages of development
of feaves, stems, pods, etc.; . :

» Investigating seed, physmlogy and ‘the germination and storage of seeds;

» Developing ways to prepare the dry beans and.roots; and T -

-

‘e Studying the plant’s palatability and value for livestock: 5

1 I

Selected Readmgs e

3 ) .

Hymow1tz R; and] Boyd 1977. Origin, cthnobulany and ng,llLUltUlJl pounlml of the? 5

winged bean- -Psophocarpus tetragonolobus. Econontic Botany. 31:180-8.

New €uinea. World Crops 29(5):208-14. . o

‘ ‘Maseﬁeld G. B 1973, Psoplrocmpus tetragonolobus -a crop with a future? Field Crop

k4

Abstracts. 26(4):157-60." - , ¢

NallOndl Atademy . of Sciences. 1975, The Winged Bean: A High P/orcm Crop for the.

Tropics. National Academy:of Sc1encw sthu‘bton D.C. 43 pp.
Pogpisil, I'., §. K. Karikari, and joF Boamah Mensah. 1971. Investigations of w mng bean
'in\Gham World Crops.23:260-4. © ® : ‘

g - -

" Winged beans are céfnmonly s;eh ui vegetable rﬁafkets ih Thailand. Thes“{ are Widely used
in soups, chow mein, and other traditional dishes. (N. D. Vietmeyer)

4 A

|
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" Khan, T.-N., J. C. Bohn, and R. A. Stevenson. 1977. Winged Beans: Cultivation in Papm. ‘




VEGETABLES o L T

.. Purseglove, J. W 1968 Tropzcal Crops: chotvledons Val. 1 John Wlluy Ne\\ York.
-The Winged Bean Flye; ~Amewslettes devoted sole\ly to-this plant, and the progress of re-
, search on it, ,istavailable from™ Brof. Russ’ Stephenson Department- of Aomulturg\

v LT : - . : £
Research Contacts and Germ Plasm Supply “}f :
C e . ‘1}, L . . B . "r" dt "‘1 N
_ Agricilltural Research St'ltlon, Umver51ty of Ghana, P.O.. Box 4‘3_, ‘Kade, (}haﬁ‘-';_i‘ (S K.
“Karikari) : . % A
i Centro Internacional de Agrleulturd Tropu,ql Apartado dereo 67- }3 Cali, Colombm
' (K. O. Ractiie) : . IS
Department of Agricultite, South Perth 6151, Atistralia (T.N. Khan)] - -k

Depdrtment of Agriculture, Umver51ty ot Papua Netw Guinea, [’O Un1ver51ty, Papua
New Guinea (R. Stephenson &
Mayagiiez Institute of Tropical Agru,ulture Mayagiiez, Puerto Rico 00708 (F Max;,tm)
~ National Academy of Sciencgs, 2101 Constitution Ave. Washmgton D.C. 70418 USA
* oo (N.D. Vietmeyer) .
'Spec1al Programs The Asia ['oundation, .O. Box 3223, San l’r’ancisco, California 9l319,, §
' USA (L. Lazaroff, Director) ‘
“University of Florida, Agriculture and Resear(,h Station, 18905 S.W. 280 Strc,ct Home- |,
stead, Florida 33031, USA (A. A Duncan)
-An updated list of research-contacts can be found in the Winged Bean Flver see Selected ‘
Readings. : ya . St )

Umver51ty OE Papua New' GLkLnea University, Papua New Guinea. = \
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§ Although the dunan* is, grown - only in Malaysia, ‘Indenesia, southe{rn s
‘Thailand, and the Ph]hppmes it is one_of . the best known. and most
controversml of all fru1ts Though there are many places in the West Indies, -
tropical America, Africa, and Oceania where it should' grow well, the durian is ﬁ v

: 1mportant only to Sputheast A51a It has received no research attention and ~ = :
~today our knowledge of durian is vrrtually the same as when, in the 15th ‘
“century, it was first-observed by Europeans. ‘

“a Though Malays and other people in the Far East are very part1a1 to it, the S

fruit has met with a mixed reception from Europeans. Many are repelled by ~ .
its strong, drsagreeable odor, but:others quickly become extremely fond of it. -

- The taste, difficult to descrrbe, is sweet,-aromatic, and persr?ient The odor. v
has been referred to as “a mixture of old clfeese and onions flavored with - «

: turpentme or as custard passed through a sewer > But durian enthusiasts’ .~ + n

- /“dre not bothered by the odor; the: 19th-century British naturalist, Alfred

/ Russel Wallace, consrdered that “it was worth a Journey to the East, if only to. - ’

© taste: of its fruit>f . s
~ The huge fruit vary from spherical to oval andmay grow as large as 30 cm - .
long ‘and 15 c¢m in .diameter and weigh up to.20 kg each. Their hard, thick
. skins*are covered with sharp prickles. The interior is divided mto five cells,
each contammg up to four seeds e,nveloped in a frrm cream-colored pulp.

: Nutrrtronally, the fruit is an- rmportant source of carbohydrate fat and
 vitamins, and contains’ some ‘protein. - ‘ =
~ Durian can be prepared in various ways The npe pulp is commnnly eaten ,
fresh or it can be preserved for usein 1ce cream candy, or other sweets The o

a

E

& -

s <R
"‘Durro zzbethmus Murr. and related spec1es Famrly Bomba cae.

" _tHe alsg descnbed it asa nch*butter-hke ‘custard highly. ﬂa:voured with almonds, but -
s mtermmgled wrth it -come wafts. of flavour that call to mind cream- -theese, onion
Ta ’sauce brown-sherry, and other mcongrumes Then there is anch glutinous smoothness

“. o in the. pulp whrch nothmg else possesses; but which adds to its. dehcacy It is neither
~acid. nor sweet, nor Jurcy, yet one feels the “want. of none of these qualities for it

s perfegt AS- 1t is.”
¥

N,
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pulp of unripe fru1t may be used ‘asd vegetable When cooked. the seed is, also E
‘-edele ’ « ~
- Wild ammals partlcularly elephants tlgers and monkeys are very

o 'attracted to the fruit. Harvesters build shelters. beneath w11d dunan trees so

‘ 'Dunan fru’rts.'(-E, S. Ayensu) ,’:

they can get to the fruit before the: ammals _ - _
- There are at least five species of durlan, but only one is well known Them
" others, all potentially important -species, are, virtually unknown even” in
Malaysra Several have edlble fruits said to taste as good- as (or better than)
the common durian.: The specres are: g
! &.Durio zibethinus Murrs. (theﬂcommon 1dur1an) Distribution: wldespread
'-,'fﬂtroug,hout Southeast Asia. Haphazardly cultivated or semiwild.
e Durjo kutejensis Becc. Distribution: Borneo (Kahmantan SarawakK; and'
_ Sabah). Slightly cultivated, but mainly wild. .~ = , sg,
Tl Durzo oxleyanus Griff. Drstrrbutlon South Sﬁmatra and Borneo L1tt1e/
, known even locally; excluSJvely a wild plant. . g , L
e sDurio graveolens Becc: DlSttlbuthrl East Borneo “Rare ‘wﬂd and even 7
rarer cultivated. Vo -
< e Durio- dulczkecc Drstnbutron Borneo Only in the wrld g |
g Odor varies greatly lamOng the five species. Some have only'a shght )odor
- Durio graveolens produces odorless fru1t One variety of Durio kute/exjszs has
amrld inoffensive odor. . S : s e ﬂ‘ ‘
Durio kute]enszs may “offer better frurt quahty ‘than the common durian
because its flexible.soft spines make it easier to handle. “ g ‘
All five species -are ‘mediurnssized or large ‘trees, 2040 m tall Usually\'
* propagated’ frfom seéds, they BIOW. v1gorously\They are. -planted in humid’
lowland areas_below 800 m elevation. lmprove\d\vanetles can be easily
eproduced huddmg them onto l-year-old rootstocks\Q{the same species.
, Dur1an trees are .productive and, even with 11ttle care, pr\vrd important
. revenue for vﬂlagers and farrners B : \
-3 -

-

-

3

LIMITATIONS AND SPECIAL REQUIREMENTS

As ment1oned the strong odor is offensrve to many people It is attributed to
“indole der1vat1ves y S
, There has been . little attempt to orgamze dunan marketmg, quahty
control harvestmg, etc. < T

- The ‘trees-are slow to produce and only begm bearmg after 7 years Each
fruxt takes.3 months to develop and is not fully ripe’until it drops from the
.-tree Fallmg frurt isa hazard for gatherers . :

et

» . = s' -
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distribution of fresh fruit can be considered at present.
The seeds quickly lose their viability, which makes it d]fﬁcult to introduce
- the spec1es to other regions. A few durian trees have been introduced’ to

Honduras however, and the fruits are much sought after (apparently the odor

.._wasnot an insurmountable obstacle)

A

‘Since durian trees in Southeast- Asia npeither receive nor- requrre much

1 battentron nothing is known about the best methods for pruning, irrigation,

pest control, etc. o :
The tree ddes not thr1ve where there is a d1st1nct dry Season.

¥

RESEARCH NEEDS )

. DR
\

The custard like pulp musf be eaten shortly after harvest because 1t
qu1ckly tur’rxs rancid and sour. Since frurt is'not easily transpOrted only local

varieties that offer great p0381b1ht1es for unprovement but ‘détailed analysis is

. still lackmg Agronomic research is needed to select elite strains from each
_species, 1rnprove hort1cultural pract1ces and introduce dlmans to new trop1cal
reglons . o : Lr /

po,rtmg, and processmg the. fru1t or ﬂesh o
"

Selected Readmgs I S e ; }.:”. a

-

Ochse 1. 1. et dl. #1961, Tropzcal and Subtropzcal Agnculture The Macmlllan Company,"

Colher-Macmﬂlan Ltd., London.

Popenoe, W. 1920. Manual of Tropzcal and Subtropzcal Fruzts, The Macmﬂlan Compa.ny,
New York.

Soegeng Reksodihardjo, W 1962 The speci'es of D{mo wrth edlble fruits. Economzc
Botany. 16(4):270-82. : oy

Stanton, W. . R: 1966. The chem1cal composrtlon of some trop1ca1 food plants; VI.
Durian, Tropical Science. 8(1):6- 10 -

Valmayor R. V., R. E. Ceronel; and D A. Ra{mrez 1965 Studres on ﬂoral‘bmlogy,
. fruit set and fruit development in; dlirian. Phxlxppmes Agnculture 48(8 -9):355-66.

Wyatt'Sm1th J, 19353. Materials for a revision of Malaya.n Durio. with notes~on Bornean "

spec1es.4Kew Bulletin. 4 513 34,

e

Research Contacts and Germ Plasm Supply Y

. Kebun Raya Bogor IndoneSIa D. Sastrapradja) ' ’ MR
W. Soegeng Reksodlhardjo Pmrxeer Agncultura Ltda Caixa Postal 131 86100 Londrma
5 (P.R.); Brazil
“University Herbarium, School of Brologrcal Stiences, Umvers1ty of Malaya Kuala Lumpur,
Malays;a (B C. Stone) ,
4]

"Food. tech_nology research" is needed partlcularly for preservmg, trans—}~
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Often descrrbed as one of the: world’s best—ﬂavored fruit, the mangosteen* ;s
highly-esteemed in Southeast Asia. In other tropical areas this fruit is known
/  only in botamc?tl\gardens and stnall experimental orchards. Curiously, it is -
» unavailable in what could be- its ‘major markets: Central Amerita, South :
o »'AIner1ca Australia, and Africa, where it. would be readily accepted if it could
- be economlcally produced It also has great potentral for export to North
America, Europe, and the Middle East. T
~ "Mangosteen culture has besn attempted in many hurnld lowland troprcal -
_areas. However, because of horticultural difficulties no widespread com-
mercial, production has been successful even in the Far East where the fruit,
which commands high prrces is picked  from uncultlvated wild . trees
Extendmg its use offers.a forrrudable Tesearch cha]lenge
The mangosteen grows in high rainfall areas—over 2; SOO mm per‘
'year-—where because of the high humrdlty, few comthercial crops ¢an be
“economically cultivated. .
The fruit—the size of a tennis ball—contenns a segmented white (almost
-7 translucent) pulp that is protected by a purple shell 6 mm thick. The pulp is
\ sweet, subacid, and agreeably flavored. Of all- the exotic tropical fruits the
: - m‘angosrteenls perhaps the one most readrly accepted by western palates.
The tree 1sa slow—growmg evergreen with large, dark green leaves It thrives
best in warm, humid, rainy clirhates with few seasornal variations in rainfall
- and temperature. But mangosteen trees have been grown successfully under
., dry conditions with irrigation. Temperatures between 20° and 30°C are ideal,
o /espec1ally if they are not subject-to sudden changes—cool spells. (4 C) can be
- fatal to young trees.’The trees rarely grow over 10 m in height.
Deep;’ fertile, well-drained, shghtly acid soils are needed, to grow the best
~trees and to produce the heaviest yields. Under such condltlons yrelds of.
200-800 fruits per tree have been obtained in.good years. They are harvested
. at maturity and must be handled carefolly to preverit damage. The tough
thick rinds should enable the fruit to be shipped and marketed 1f
refngerated the frurt can be stored for several weeks. " )

a

-

LIMITATIONS AN D SPECIAL REQUIREMENTS

’Ihough the mangosteen has long been: regarded as hang g_reat potentral if its
=~ horticultural lintitations could be eliminated, it has’ receivedsvery little:
R rescarch attentlon frorn trarned ‘horticulturists. Consequently, today there are'

v

) *Garcinia mangostana L. Family: Guttiferae.
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'no unproved varletres that sustam hlgh productle/n and that have good

:commercral characterrstrcs
Vfo]lowmg factets:

. Mangosteen seeds reproduce the characters nly of the mother. plant;
.- there is no genetic variation produced. This makes fthe production of superior
o types difficolt.  ~ .. o P ’

‘e Growers hesrtate to plant mangosteen orchards because of the delay - -

'before their investment brmgs return: seedlmg take as long as 15 years to
' produce a profitable crop. :

.1dent1cal to its natural habrtat .
‘ - Mangosteen plants tend to bear only in alternate years

ol B .

RESEARCH NEEDS

P - -*

The horticultural hmr/tatlons are due to the».

o

. » No. reliable method has been found for propagatrng the plents-
'f~"vegetat1vely » ,
e Itis difficult to establish: the plant in nvrronments other than thOSe

,To strmulate mangosteen productlon and make it commercmﬂy viable,”

‘ cons,lderable research should be directed teward solvmg its basic hortrcultural'
- problems; - ’ / -

. Research i8 needed to dlSCOVBI‘ ways of- shortenmgwthe time the plants take

to mature There is’ partrcular need to develop better vegetatlve pr0pagat10n'
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methods (for example, to. find rootstocks; surtable for* graftmg) Mangosteen‘

appears to be graft-compatable W1ﬂ1 other specres of Garcmza
Selected Readmgs S S

Almeyda N., and F. W. Martin. 1976. Cultlvatlon of Neglected Tropical Fruits with

- Promise: Part 1. The Mangosteen. Agricultural Research Servrce U. S Department of
Agrlculture [Order No.-ARS- S 155] Sy

" Hume, E. P. 1950. Difficulties in _mangosteen culture Malavan Agnculrure Journal
33(2):104-7. ' ’ + ‘ £ "

Krrshnamurthl S and V. N. Madhava Rao 1965 The-man;:osteen its rntroductlon and
estdbllshment in peninsular India. In Advances in. Agricultural Science. _pPp. 401-20.
Agncultural College and Research Institute, Coimbatore, India.

Ochse, J. 1. et al. 1961.. Tropical and Subz‘ropzcalAgrzculture The Macmrllan Company,
Céllier- Macmillan Ltd., London, England ‘

Pynaert, E. 1954. Le Mangoustamer Tract no 37. Pubhcanon de la Dlrectlon de l’Agrr-
_ culture des Foret et de I’Elevage, Brussels Belglur?r

{*d
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Research Contacts and Germ Plasm Supply

5 LAgrrcultural College and Rcscarch lnstltute Counbatere India
. Bétanic ‘Gardens, Kebun Raya, Bogor, Indonesia (S. Idris)
--Department of’ Agrrculture Bangkok Thailand -
Mayagiiez Institute of Troprcal Agrlculture Mayaguez Puerto Rico 00708

Naran]rlla * “the golden frult of the Andes ” has great potentral for the
~future, though at present it isdittle known outside its native home, Colomibia
and Ecuador.”An excellent dessert frult it is also used to flavor confec‘)‘?lons

]e]ly jam, ,and other preserves. _— - -

'Freshly squeezed naranjilla juice is used in Ecuador and Colombla to make

sorbete a green, foamy drink. with an appealmg sweet-sour flavor f

pmeapple and strawberry In Panama Guatemala and Costa Rlca where. the"*«,

concentrate. " ,

-\-‘

. Th¢- plant is a large, robust shrub (1-2 m hlgh) w1th halry leavejs and

spherrcal yellow-orange fruit, sometimes as large as tennis balls, dinsely
- covered with easily removed white hairs. The acidulous, yellow-green pulp has
numerous seeds. Unaffected by season, fruit is produced throughout the year

: *Solanum quztoense Lam Also known as lulo. Famrly Solanaceae.

-
1 L
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o The shrubby naranjilla- bush under cultivation in Eu‘mdora (C. B. Heiser)
-5, Naranjilla fruit. (W.-H. Hodge .
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In Ecuador, the naxanjﬂla:grows best on fertile, we]l-drainedh'slopeS'of ,
hurhid, upland valleys where the annual rainfall is at least 1,500 mm. The
; " plant grows rapidly and bears large quantltles of fruit. It yle’lds 1 ,000 to
" 2, 000 kg of fruit per ha with htﬂe care. , > -

T c : p . 4».

LIMITATIONS AND SPECIAL REQUIREMENTS
.The plah ¢ have exacting climatic requuements Frost senSItlve they need
good }hamage and moderately cool and rather himid climate at altltudes of
800-2 OQQm The plant does not thrive in the lowlands! -
They vare Susceptlble to rootknot nematodes, viruses, fungal disease, and
- parasltesi ‘which shorten life- and reduce production, 'particularly in’ sandy
/‘ o soils. Therefore, in Ecuador, new: land—uncontammated by these pests—is
Lo + rused. for ¢ach planting. Seedlings or grafted plants begin to bear when they
" are, 6 12 rmonths old and continue to produce fruit for about 2 years-before
they begm to lose vigor (because of the pests) and must be replaced.
“The naran]ﬂla plant is easﬂy contro]lable in -Colombia and Ecuador
However it\is‘a well-established weed in ‘some lotalities of Costa Rica.
'The plants need frequent f ertﬂlzatlon (preferably once a month) and water
durmg dxy pérlods . o, | ‘ :

" Solanum quitoerise in the public markyt, Pasto, Colombia. (R. E. Schiltes) .
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RESEARCH NEEDS . o

3

_ Little improvement ‘of naranjilla has been attempted. Research emphasis .
""?.,;should be on finding varieties and rootstocks resistant to nematodes and the

fungal and bacterial diseases that limit production. The closely related
Solanum’ hirtum crosses ‘with naranjilla, is tolerant of rootknot nematodes,
and*is a. ‘promising species for breeding and rootstock. Another nematode-
resistant relative is Solanum macranthum. It may make good rootstock,
Widening naranjilla’s adaptation to climate and soil type would i increase its
use throughout the tropics. Research is therefcre recommended. Investigators

“should test Solanum .topiro, crossed jor grafted with natanjilla, because it

grows at lower elevatlons and ylelds a larger (also popular) fruit.

)

~Selected Readmgs : . ” ~

Garcxa Reyes F. 1967. El cultivo de lulo en Ia zona cafetera colombiana. Revista
Cafetera. 17(142):75-7..

Gattomi, L. A.1961. La naranjilla. Mlmsterlo de Agncultura Panama. »
" ‘Heiser, C.B. 1972, The relatianships of the- naranjﬂld Solanum quitoense. Bzorropzca

4(2):77:84. .

Heiser, C B. 1972. Notes on sdme species of Solanum (Sect Leptostemonum) in Latm
Amerlca Baileya. 18(2):59-65. 4
Hodge W. H. 1947. Naranjillas, or “little oranges of the Andean nghlands Journal
. New York BStanical Gardens. 48(571):155-60.
- Ledin, R B, 1952, The naranjilla (Solanum quztoense "Lam.). Proceedmgs o/ F'Iorza’a
State Hortlculture Society, 65:387-90.
Mumer ‘R. 1962, La culture du lulo en Colombia. Fruits. 17(2): 91 -3 ‘ '
Pacheco R.,and J. Jiménez. 1968. EI cultivo de la naran]tlla en el Ecuador. Ministerio de
i Agrlcultura y Ganaderia, Quito, Ecuador. .
Patifio, V. M. 1963. Plantas cultivadas y animales domeésticos en Amenca equmoccml V
s 1. Printing Department, Cali, Colombia. p. 403.
Schultes, R/ E.; and 7. Cuatrecasas 1953, Notes on the cultlvated lulo Harvard
‘University Botamcal Museum Leaflets. 16:97.
Schultes, R} E. and R. Romero Castafieda. 1962. Edible fru1ts of Solanurn in Colombia.
‘Harvard \University. Boramcal Museum Leaflets. 19:235-286.

Romero-Ca tafieda, R. 196 L. ‘El lulo: ‘una fruta de 1mportanc1a econdmica. Agrzcultura
~ Tropical 17(4) 214-18. :

9 - ]

" Research Contacts and Germ Plasm’Supply V

(CATIE, Inter-American Institute of Agricultural Sciences, Turrialba, Costa Rica
Department of Blology, Indiana Umversxty, Bloommgton Indlana 47401 USA (C B.
_ Helser)a , E

= Jardin Botamco del Valle, Apartado aereo 5660 Cali, Cotombla (V M Patmo Duector)

J. Soria ¥, ‘Edificio Venancio 2. 000 sala 638, Calxa Postal 1316, 70333 Brasilia, D: E.
Brazﬂ ;
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PEJIBAYE -

: Other than the coconut date and. Afr1can orl palm few plants of the famrly
Palmae have been véndely exploited. Many could become useful sources of
“oil an d food. A notable example is pejibaye, or peach palm.* [t could become
an Important comrercial crop throughout the humid tropics. Probably the

most balanced of all-tropical foods its fruit contains carbohydrates protem s

forl mtnerals and vitamins. - . e

. Although favorably mentroned by Spamsh writers centuries ago, pe]rbaye :
E today is little known outside Central Amerrca arid northerny South America. It

_is a palm w,lth many spiny tfunks emerging from a common root stock. The

- fruit,"2-6 cm long, is borne in bunches weighing up to 12.5 kg ang consisting o

of up: to 300 frurts There may be as much as 13 bunches oma_gf gle trunk

~and}” under ideal conditions, two crops are harvested per year. Tle fruit is a :

o starchy mesocarp surrounding a- seed. It is not sweet; its flavor an texture are|
o ;-.‘remmlscent of chestnuts Pejlbaye frurt has twice- the protern content of

: ‘marze

“can be restored to or1g1nal cons:rstency and flavor —even after 6. months Qr

more--by a second brref boiling. It saalso delicious when roasted. s
In add1t1on to the fleshy mesocarp, the white, hard-shelled fseed kernel is

,,sometrmes eaten It tastes somewhat like coconut, and- has a hrgh percentage .

ofoil, - . ST Lo |
Planted in. tropical Amer1ca smce ancient times, srzable pe]1baye stands
now ex1st in Costa R1ca and innumerable. dooryard trees are scattered oyer

- - the lowlanids, of Brazil, Costa Rica, Panama Colombia, Peru, Venezuela and

Ecuador The pepbaye is of ma]or economle importance t.hroughbut the

" region.- At least ‘part of the - year 1t supplres the prrncrpal food for many

ighabitants, . © - 1

‘ ‘The plant is adapted to troprcal condrtrons preferrmg regions where%'
B annual rainfall is 2,500 mm or less. In Costa Rica it grows at all elévations
o :from sea level to 1. ,200 m, and occas10nally as hrgh as 1,500 m. It grows best

) mheavy soﬂ clay loam or clay
PR \ ,

' *Guzlzelma gasrpaes (H.B. K) L. H. Bailey. Formerly known as. Guzlzelma specrosa Mart T

and. Guilielma utilis Oerst. Also known as Bactris gasipaes H.B.K. and Guilielma chon-

L “tadurg_Triana, Commonly called pejibay (Central America) also spelled pejivalle, etc.,
;nguao (Venezuel), PIJ“aJO (Peru), paripou (French Gurana), a.nd pupunha ﬁruﬂ)

‘ Famrly Palmae

,.r.
E)




 for the plantation productlon of hearts of palm (see page 49)

Pejibaye ‘fru'itvs. (PH Alien, cohrt&ésx.&\\ffil:.{. Hodge) .

‘ Commonly, propagation is by seeds, although  the plants form suckers
‘readily (an important benefit fof: commercial plantings for it allows superior

ivarieties to be replicated eagly).. When grown. from ‘seed, the pejlbaye begins

"to bear after 6 or*8 years arid has an,economic life of 75 years or more. Once
established, the plant requires little care. o

",‘ ‘Varieties of the pejibaye are not well defmed but there are many. Varletal

differences in fruit size, fru1t—cluster size, spme length and fruit color are '

known. - ; :

' Because of its multlple stems pejlbaye is one of the-most promlsmg palms

I
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LIMITATION $ AN D SPECIAL REQUIREMENTS

T.he major barrrer to propagatmg large numbers of pe]lbaye for commercial
plantations is the lack of superior cultivars. There is a scarcity of elite stock

. material (suckers). Seedlings vary too much in quality and performance~and
take too long to be@r—to warrant large investment. Existing selections are not
sufficiently productive, despite claims to the contrary. Seedless (partheno-
‘carpic) types are lower in qua.ht‘r and "olor anrq are not so productné’ as .
seeded types. o - : \

" The trunks of most pejlbaye strams are densely covered with spmes but L

- the northwest Amazon has spineless taces. Harvestmg is d1fflcult and expen-
swe Cuttmg off too many of the spmes kills the palm. :

. RESEARCHNEEDS S _

- Collectlon of seed, classification of ¢ rtrvars diffus'i'un f seed, and
J mformatron on the pejibaye crop could lead to its cultlvatron in many areas. .
-An ihtensive campaign is necessary to expand its cultivation, begmnmg v§(1t}1 R
the areas in which it is already familiar. : ‘
~ Efforts must be concentrated on management and . varretal selection
(espf=01ally to select spinéless varretres) There are Some little-known varieties,
“mostly found in the northwest Amazon region, that lack spines. These should
be collected and selected fer use in propagatlorrand crossbreeding. - L

-

= O Food technolﬁglsts should test ways to can and preserye pejibaye because
* at present the fruit is not easy to store.or transport in quantity. So far most,
food research has concentrated on its.nutritive value ‘ . -t

-Agronomists should study thé value of interplanting other crops among
“the pejibaye for this could provrde a cash return whrle ‘the .pejibaye are

" maturing,
' The pejibaye . research at Centro Agronomlco Troprcal de Investrgamon y ‘
"Ensefianza in Turrialba, Costa Rica, should receive full support from technical _ ‘ i»
assistance agencies. Funds should also be allocated for a- campalgn to extend ' ‘!

theu results’to other troprcal cqpuntrres ‘
-

Selected Readmgs o e

_Johannesseri, C. L. 1966. Pejibaye palm: ylelds pnces and labor costs. Economtc -
' Botany. 20(3):302-15. . L
Johannessen, C. L. 1966. Pejrbayes in commercral ?roduchon Turruzlba 1662) 181 1. : \
' (Available from the author, address bejow.) / : L
.Johannessen, C. L. 1967, Pejibaye palm: physical and chemlcal analysrs of the frult :
Economic Botany. 21(4):371-8. ‘ ’
Patmo V. M.'1958. Ei cacmpay o p1]1bay, en la cultura de los mdfgenas de la America ’

y
.
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’ mtertroprcal lnstrtuto Indigenista Interamerrcano Mexrco Edrcrones Especiales.
39:176-203, 293-331.
. Papenoe, 'W. and O. Jiménez. 19”1 *The pejibaye, a neglected food plant of trop1cal
America. Journal ofHeredzty 12(4):151-66. ‘
Se1bert R. J. 1950. The importance of palms to Lat]n Arnerrca pe]lbaye a notable
example Ceiba. 1(2) 65-74. . k . .

o

(,

Research Contacts and Germ Plasm Supply L o o

E

Centro Agronomrco Tropical de Investlgacron y Ensefiinza, Turrralba Costa Rlca

Department of Botany, Smrthcoman Institution, ~Washlngton D.C: 20560 USA ('R W
Read) '

Department of Gcographi’ Umversrty of Oregon Eugenc Oregon 97403 USA (C L
Johannessen)

&
‘ Instrhutodelnvestlgacrones Agro lndustrlales Lfmad’eru (M J FortB General Manager)

¥ .
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To produce fruit of hlgh quality and maxrmum yield most citrus crops (i.e.,
oranges lemons, tangennes tangelos) require subtrop1cal climates with cool
winters and warm summers. The pummelo,* however; is a citrus fruit idéally
suited to the vast lowland troprcal Zone; the uniformly warm climate reduces
the qua.hty and yield of other citrus, but the pummelo appears to thrive.

The, pummelo is native to Southeast Asia where it has been cultivated for
centuries. In Thailand, where it is most highly cultivated, fine commercial

" varieties—with a shelf life as-long as 4 months~have been exported tp

‘and requues experlmental proof. - -

neighboring countrres for more than 60 years. - / ‘
‘An attribute of the pummelo is its relatively high. tolerance to salme
conditions. This tolerance has been exploited in Thalland unproductrve
“coastal 16wlands around river deltas and brackish marshy areas are devoted to .
pummélo- cultivation. The popular belief in Thailand is' that the flavor and
“quality of the fruit are enhanced by the salt. However thls is questlonable

Pummel,o is a _crop wrth poteptlal for coastal lowlands elsewhere in the

v ; . % o on
- . b

’

“ *Citrus grandis (L.) Qsl)éck.« Also known as (shaddock, toronja,“pamplemousse,-- etc.
‘Family: Rutaceae. . S ' - o

e

o




Pummelo. (K. and J. 3

[

Pummelo tree. Florida
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tt*oprcs e5pecrally those where chrnate ‘moisture, and salinit}_{' prevent
“cultivation of other popular citrus frults o

Although: the pummelo has been introduced into citrus-growing areas of
the world, the varieties' chosen’ produced drsappomtmg frurt 1nfer1ﬂr in
quality to the best iri Southeast Asis. f e R

Ppmmelo trees are generally medium sized, 5-15 m tall when mature. They

. have broad, shiny leaves; the young branches. are.. covered with 5p1nes The
~fruit is green or yéllow and is the largest.among the citrus varieties; larger

. even than grapefruit. They-are either spherical-or pear shaped and have a ’

- thick*(up to 2 cm) rind. The internal segments are formed of firm juice sﬁcs :

(vesrcies) The best varieties have a pleasant balance of acid and sugar and
leaye no bitter aftertaste.

e : ! 5 i . B ’ e

‘- R - ari A
Y . L | P . )
a. . . o; L “u"

‘“{' . ) W » N

" LIMITATIONS AND SPECIAL REQHIREMENTS

* For optlmum performance pummelos requ1re warm, frost-free cllmates with
well-drained soils and adequate moisture; - S e b

There are few research or agrlcultural extensmn reports on pummelos
Citrus can](er is-a common afﬂ1ct10n of pummelo trees in, Southeast Asia.

i 4

»

RESEARCH NFEDS . | : I

Cons1derable 1nformat1on on pummelos has been accumulated by. generatlons‘
of growers in Southeast Asia. It needs to be collated and evaluated by

- experienced horticulturists. But more data are needed if pummelo cultivation
“is to be adapted successfully’ “outside Southeast Asia. We must know about
varietal behavior, such .as the  best rootstocks for deferent soils, the

unpredletable seedlessness of some types and the tolerance and susceptlblhty
to daseases T o i . 2

~ Research to select superror vanetres is helped by the genetic characterlstrcs
of pummelo: the seeds of most citrus tend to ~reproduce the characters

" of the mother plant but. pummelo Seeds are gametic (they contam only one -
7 embryo Wh1ch is sub]ect to genetic segregation) and give rise to plants with

entlrely new hort1cultural characters Thrs produces a Wealth of varieties to .

’ chooSe from.

Testing of rootstoacs Zand cult1vars in; different kinds o’f soils.is also
‘nieeded, espec1ally mcoastal saline-soil locations. S :
Using superior vanetles collected "in Southeast Asial sc1entrsts should. -

" establishritest plots in new tropical locales in Afnca Latin America, Oceania,

and Austraha e
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Selected Readings ' )
. Groff,’G. W.:1927. Culture and varret/res of the: Siamese pummelo as related to 1ntroduc-
tions into other countries. Linnea Society Journal. 5(3):187-254.
Martin, F. W., and W. C. Cooper. /1/‘977 Cultivation of Neglected Tropical Fruits with
Promzse Part 3. ‘The Pummelo/ Agricultural Research Service, U S. Department of
k Agnculture (Order #ARS-S-157). g
Ochse,J.. %, M H. Soule, Ir!, M/ I. Dijkman, andC Wehlburg 1961, Tropzcal and Sub-
tropzcal A.grzcu!ture Vol 1 Col er-Macmillan, Ltd., London. :
‘Reuther, W ‘et al. 1967. Th
. srde Rlver51de Californja.
Soost, R. K. 1964 Sel/wompatlblllty in Citrus grandis (L) Proceedmgs ofthe Americ

C‘zt us Industry Vol. 1. University of Cahforma at Rrver-

can Ho;tzculture Soclety. 84:137-40 o ‘ Yy

®
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* Research Contacts and"Gerrh‘quasm'Supply ’

: Department of Agriculture, Bangkok, ‘Thailand
. Department of Botany and Plant. Sc1ences Umversrty of Cga.htorma Rlver51de California -
92521, USA (R. K. Soost) i
Mayaguez Institute of Tropical Agnculture Mayaguez Puerto Rico 00708
. = i

ek

The soursop* is'a troplcal fruit with potential for development as a processed
industrial commodrty Native to and common in tropical America and the .
- West Indies, it was one of the first fruits carried from the NeW World to other
tropical regions. It has become popular in aréas as diverse as southern China,
Australia, and. Africa, Though mainly -eaten as a fresh fruit, soursop can be
processed and preserved without losing - its aromatic ﬂavor Bécause of its
distinctive qualities and its desirability | for puree, nectar, ick cream, and jelly,
,,gt offers developing ceuntrles excellent export possrbrhtles European and 4
North Amnerican markets appear particularly promising. '

- The soursop tree: ﬂowers and bears fruit:more or. less contmuously, though “":"‘j. ,
there usua]ly is a principal rlpenmg seasor. Varymgan torm and size, the fruit =~
often weighs 4 kg or more. The white, fibrous, juicy flesh- smells somewhat -
like pmeapple but the, musky, rather acid ﬂavor is un;que Soursops are’
usua]ly cut in sections and the ﬂesh eaten with a spoon. The pulp is often

‘ added to fru1t cups or salads, or chJ]led and served as déssert but generally it

5

*

*Annona muncata L. Also known as guanabana (1n Spamsh) and grav101a (in Brazrl)
Famrly Annonaceae

-
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s (used in dce ¢ream or is mixed with water and sUgar to make a refreshmg
dnnk . Frozen pulp is sold in plastxc bags in Philippine supermarkets fresh .
3 Julce is marketed in waxed cardboard cartons in the Netherlands Antilles.
- The soursop fruit has many black seeds. scattered through the pulp, but%
~ most of its closely packed segments are seedless. The fruit contains 12
- percent sugar, mostly glucose, and some fructose and pectin that m‘%
comgmercial operations could be an importantby- -product. Lo
= The tree, low—branclung and bushy—but slender because of its upttuned
hmbsmreaches a maximum helght of 8 10 m. Seldom grown m commer

LIMITATIONS 'AND SPECIAL .REQUIREMENTS

i Adapted only to lowland areas, the soursop s w1dé1y plante n- ]

"below an altitude: of 1,000 m. It requires an annhal rainfall of I '
more. It will not tolerate dry, cold winds and, le;lst hardy of- the and
: produces few fruits i in chilly, mountairious areas Though it will not
waterloggmg, the- soursop can be grown in a w1de vanety of soﬂs “

Soursop’ fr\_fi_t. (K.and J. Mortom)-—" /. . - ' '




.and young fruit fal. due to anthracnosg caused by the fungus Collet@mcohunr

L ‘ i . B ». s B 47\’ . . - ;" . N
.. Soursop tree, Florida. - (J. Mortori) %} S S I

w
i\

i A

SOLlrsops are soft and* perrshable when 11pe and they ferment qurckly
Consequently, they are drffrcult to. transport and are not exported as fresh'
fruits. . : g\w&

/ .
The tree unfortunately, is’ not prohfrc thie usual erop berng only 12- 74‘-;

- fruits per tree. In Puerto Rico, production of, 2%-4 tons of fruit per acre is

consrdered a -good yield from well- tended tree% Generous fertrhzatron will
ificrease the crop. e ' |

- The flowers are polhnated by msects usually beetles Pol!matron by hand ., | -
encourages fruit-set because pollen is often - shed befeore: the st\rgma ts“ -
receptive, and small, malformed frurts result. . |

In very humid areas of El Salvador it has beemobserved thdtSOUrSQp trees *- .
often grow well, but bear only a few poor-quality fruits. Most of their ﬂowers : .

gloeosporioides Penz.: Anthracnose cart be controlled with fungicides. Mealy

- bugs, fruit flies, and red sprders ar;lemmon pests, but can be, controlled

with appropriate pest101ctes;~~lfn—5u§1n ‘and Trinidad, fruit must'f'_h;e bagged to - - “ "
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“

removeﬂ before the. pulp is processe

RESEARCH NEEDS

The mairi , research nceds “of sout
mvestlgate p@mati’bn ‘and fruity
productlon cari be improved.
A search should be made for j
charactenstlcs) that produce good-
° quality. Exceptionally large and we

o market in Buga Colombra and Salaon South Vietnam.

i

: \“-».i)~
| Selected Readings .
:_Benero T R , A. JE*Rodrfgue'i, ‘and (;r
extraction procedure

. s -

~ «avoid stunting and malformation ¢
- wasp, which infest young fruitand s
Soursop seeds are toxic, ,and ¢

Journal ~ of

aused by the soursop moth and soursop
are must be taken to assure that all are
d. ' -

TR

: %;,n

o

Y
g(

sqp are agronomic: Agrﬂnomrsts should
set- problems thoroughly o) that fruit

brolific cultivars (with go'od 'hortieultural
sized, low-fiber fruit with superiog keeping.. .
ll-formed: soursops have been seen on the

LS
<f
oy

LEE o ‘ . o
A. Roman de Sandoval. 1971. A soursop pilp .
Agriculture. University - of Puerto ~ Rico..

BN

'55(4):518-19.
eBenero J. R.,-A. L. Collazo de Riveral
. preparation and shelf—hfe of sourso
drinks. Journal of Agrrculture Unive
Leal, oF T 19705 Notas sobré la guanab
*of the Tropzcal Regtonal Amerzca
~14:118-217%
. Morton, J. F. 1966 The soursopr)orgu,
i the Florzda State Horticultural Societ
. Nakasone, H. Y. 1972. Productidn -
. 21(1):10-1L. - S
Payumo E. M., L. M. Pilac, and P ‘L
propertles of canned guwayabano
‘Journal of Scxence 94(2): 161-69

i

, Puerto R]co 54(2) 220 36

P

Departmént of Hortrculture; Umverslty
96822, USA (H. Y. Makasone) _

Jardin Botamco del Valle, Apartado aere
Phlhppme Council ‘for Agncultural and.
~Los Banos Laguna Phrhppmes (R V
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Research Contacts and Germ Plasm Supply

and L. M. I. de Géorge. 1974: Studies on the. .
, tamarind and blended" soursop- -tamarind soft
51ty of Puerto Rico. 58(1):99-104.

a (Annona muricata) en Vitnezuela Proceea'mgs‘
Society for Horrzczrjtural Sczence Me\rco

Sy

o

-

abana (Amzona murzcata Linn, )Proceedmgs of -
»79:355-66. .
eamblhty for soursop Hawaii Farm Scrence

Mamqu1s 1965, The prepa.ratxon and storage\ '

(Annona muncata L) concentrate Phrlrppme
-

;'Sanchcz -Nieva, F. 1970, Frozen\soursop pUIee Journal of Agrrculture Umvemty of

o

of Hawau 3190 Malle Wiy, Honoiulu Hawan
05660 Cali, Colombla (V.M. Patlno Dlrector) ’
Resources Research (PCA;RR) P. O Box 376,

Valmayor)

™
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kUvrlla* (pronounced oo—vee—lya) is a small tree of the western Amazon
(Brazrl Colombia, Peru). It produces large racemes. of purple, grape-like fruit
-up to 4 cm wide, ‘with a large pit and a sweet, white pulps The fruit is - '~
consumed raw and i§ also made ‘nto Wrgte It grows in wet equatorial forests i
and could easily -become pantropic. People living in the ecological environ?
“ment where- it “grows have drffrculty getting’ food. But uvilla is prolific; it
~fruits heavrly and over a long perrod—3 months or so—during the wet season;
. few fruits (other thah pmeapple) grow well in similar wet equatorial forests.
‘Thls tree is recommended for testing as 2 home-garden crop throughout
* the humid tropics. . :
A relatively fast grower it begms to frurt in 3 years. The ‘tree apparently -
‘has_ few, if any, enemies. The tree is eultivated singly around the Indians’ .
~ houses. The fruit at the top of the tree rrpens frrst A forked branch is used to .
knock it off. ‘ o ~
Uvﬂla explortatlon has been totally neglected by science. Tt has never been
 the su%ject of an agronomic study, nor ha’s any effort been made to establish -
plantatlons It is proposed here as a topic for small—scale testing rather than
for mass cultivation. ; : e
Related species,: especrally P, saplda grow in the forest as- wrld trees. They '
bear edible fruit, but little else is known about them.

' LIMITATIONS'AND(SPECIALJREQUI‘REMENTS@

“Nothing whatever is known of the agronomic requirements ‘of this plant. And
nothing is known of the composrtlon and nutrrtlve value of the frult,
*“that it is rich in sugars.” o . ' e

. The skin is acrid and 1ned1ble and must be ,removed but 1t peels off easrly C
Uvrlla is dioecious: (pollen aid fruit are born on different. 1nd1vrdual plants) '
" and care must be taken in commercial orchards to plant enough polhnrferous

trees. ] some regions, natives believe it is possible to distinguish the sex by
exammrng the seeds Thrs needs experrmental confirmation. N

RESEARCHNEEDS T s

-

A progr‘am for uvrlla rmprovement should be mrtlated It would notrbe costly
_ All known regronal vafieties and strains (some may be dlStll’lCt specres) should s

r*Pourouma cecropzaefo[ra Mart. Also known as inbauba do vmho, uva de monte,
. Lo [ .
caimarén, Amazon grape, etc. Farmly Moraceae




Uvilla fruit. ﬁJ‘/._ui'ucclu‘) i
\ .

- becassenmbled i one s A for hvchi nenl .md‘h\‘l)ridik;;nmn ulthe best

yielders, Targest or sweetes| A askest growers, cle

Nujritionists should u; Llu%ﬂw esear Hden El\ the components and |
T :

tood slalue @i thedfruit, - “ v
‘\olh,mg 1S known <>1 HVIH.I s industiial potential-—its p :uccs\‘mg preserva’’
tion, or use as a flavoring. Exploratdry in \Ug.J HOIT L0 Jd ntity the potentigl,

and pmblcm; could be rcwurd_mw

1 -7 * :
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Uvilla tree in the Colombian Vaupés. (J.?Zarucchi)"'
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Research Contacts and Germ Plaiivm/ Supply

‘Instltuto Naclonal ale Pesquisas da Amazdnia, Manaos, Brazil
" Ministerio de Agricultura, Bogota Colombia . .
Universidad Nac1onal de la'Amazonia Peruanat Facultad de Ciencias y Humamdades
Apartado 496Iquitos, Peru (C 5. Flores) B o . '
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L hard woody shell nearly 12 .mm thick, much like coconut shell ’I’he pulp

N

BABASSU PALM -

The babassu * g a]m native to the northern regron of South Amerrca
P

produces an abundance of fruit. contammg up to 72 percent oil: Although it
- has been shghtly commercmhzed further research is necessary before 1ts full
potentml can be realized. - : o

Babassu kernels taste, smell, and look l]ke cocornut. meat but they contam
‘r're Q]l Babassu is perhaps. the on]y vegetable species that could Ieplace
ut in the productlon of olein and stearin; | ,
e babassu palm grows wild throughout more than 35 malllon acres of

the Amazon basin, Befpre World War II, most of Brazil’s babassu nuts (about

40, 000 tons) were exported. But local processrng for soap is expandrng
'~ .Dorpestic product1on of bﬂ rose from 6, OQO tons in 1940 to 53 000 tons by

’r9és | o L

The potentral output is enormous, ‘but dlfﬁpultres of crackmg the hard,
thrck shell and collecting and transportmg the nuts timit production.” .

Various levels of yield are reported for lnd.lvrdual trees; a babaS'su palm
~may produce a ton of nuts a year, representmg 90 kg of kernels Palms on

cultrvated plantatlons have yielded 1, ,500 kg of nuts per.ha.t

~ Babasst is a tall (as high as 20 rn) majestic, fan-shaped palm wrth large
elegant curved leaves that grow to 9m long. Its bunches of oblong or conical
fruit often reach up to 1 m in length. The bunches weigh from 14 to 90 kg and
contam 200-600 friits; 1-4 bunches per year are produced from the time the
tree is 8 10 years old. The fruit (8-15, .cm long and 5-9 cm thick) resembles
4 small coconut weighs 150-200 grams, and contains 3-8 kernels. The
kernels contam 60- 70 percent 011 and constltute 10 percent of the fru1t $
- weight, - ’

‘The kernel is surrounded by a pulp that is 10 percent starch enclosed by a

constrtutes 20 percent of the werght of the fru1t S

—= —Q?btgnyaumamamﬁarbﬁllodr—and QrbtgnymolezfezaBuneL_OxheL Orbzgnya Spp. may

e useful in.a srmllar way Also known as bibagu coco de macaco aguassu Famlly
‘Palmae.” : :

TMarkley 19T— sa Selectecﬂzeadmgs

89
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Thc CTUSS- scctrcmm babassu nit gives an 1dea of the drllu.ulty m shellmg the nut to

extract the kernel (Brazzlran Bulletm) ‘ e

i

Babassd oil can_ be‘used for the same purposes.as coconut oil—for example, ¥

for margarine, shorlenmg general edibles, torlct soap, fatty acids, and’

L detergents The oil is obtainied by conventlonal met_lrods of oilseed extraction.
Lot s almost colorless, has an agreedble odor, and does not easily beeorne
rancid.- After the oll js extrdcted the remaining seed cake is used for animal

feed. It contarns up-to 27 percent plotem and resembles coeonut cake!in

|

comDosrtron R - : i
- The hard shell (endocarp) makes an excellent fuel thal is bumc.d drrcclly v
or-converted to charcoal. o . : e

In general native babassi-grows in farrly pure stands in river Valleys and
deltas not subject to prolonged or permanent floodmg, although it is also’
found in areas of lug,h to low rainfall and dry to swampy condmons [t thrlves

- “in"well- dramed alkaline or geutral soils; but it grows also in siliceous soils.

== In Brazil the frujt sipens from July to November, then falls to the ground.

' After collectior, the fruit is usually d_rled in, the sufi to lacrlltate rcmoval of
k _the shell from the kernel. . , X ,

: f"" T Two mgin species of babassi.are found i in Brazd Orbzgnva martiana Barb.
' Rodr., which- grows in -the wet forest areas of thes Amazomn basim, -and
~Orbignya oleifera Burret, which grows in the dry, semr-decrduous forests of .

. l}razrl outside Amazonia. The preceding descriptions are based on ‘these

species. However, other related palms offer commercial potential as. oilseeds:

e Orbignya cuatrecasana” A. Dugand grows in the Choco6 region on the

Pacrfrc coast of Colombra The seeds, known as tdparos or z‘aparos grandes

are eaten and used in other ways by the local 1nhab1tar1ts in ‘much the same

way that coconuts are used elsewhere r - /




s

the fruit of the species previously rnent1on

e Orbzgnya cohune Matt. The cohune palm grows in the rich lowlands of .

Mexrco s Yucatdn penlnsufa Belizé, Honduras; and Guatemala. Only small-
amounts are now harvestedabut each palm bears from 1,000 to 2 OOO frurts a
,year L : . e

Ve

LIMITATIONS AND SPECIAL REQUIREMENTS

As mentloned ‘the unusual hardness of the endocarp is the most_serious
obstacle to the 1ncreased use of babassu _ . :
LAl species of babassi-require tropical climates: warm temperatures ample
sunshme and moist (but nof. ‘waterlogged), fertﬂe soils. Qrbignya martiana
_prefers a very hurhid climate and is found usually in tfopical : ram-forest areas.
eOrbzgnya oleifera grows best in drier, sem1—dec1duous forests.
, Although the 'kernel has the most rmportant properties for commercral

Barb -Rodr] is found in tnoprcal Sou Amerrca especially Brazil. The frurt .
provides an excellent oil, though itiss aller an corrtams fewer seeds than |

t

use, it accounts for only 10 percent of- the nut. Therefore, it is not usually
“economical - to transport whole fruits to a- crackmg and separating center,
since 90 percent of the fruit has only mcrdental by- product value Crackmg
“and separating must be done.locally. )

If the kernels are not ,well dried, damage during decortrcatron 1n1t1ates
enzyme action that will turn the oil ranc1d

‘The palm-is slow” to ma‘ture It begms to yield by 8 years and reaches full

production in 10-15 years :
. Just from existing “stands in South Amerlca the potent1al output is

enormous, but handicaps remain: labor for collecting the nuts is scarce;

: tIansport facrhtles are madequate and y1e1ds are low because the trees grow

“too densely ) » T

RESEARCH NEEDS A o

i

‘Machmes have been developed that crack the shells anj separate the seeds
~from the- husks; ‘but- in-most cases cracking-is still done b)l hand and accounts. -

for - 57 percent of the cost Research should be conducted to unprove'

vmechamzatlon

+ Tons of re81due are dlscardcd that should be put to. productlve use. The -

exterlor of the nut, the fibrous eplcarp, probably contams a wea.lth of new o

products. -




Babasst palms. (H. S. Irwin)
o ’ : v
C0n51derab1y more data should be.: duqmred on the wild stdnds in South

N

America. High-yield varieties’ with desirable characteristics should be prop—
agated, in a germ pldsm bank in Brazil. The reasons for the great differential in

the rate of productich inthe various regiong should be mvcstngatcd
Though a few babassi plantatlons are well established; more agronomic

=

lﬁéata are needed before widespread plantdtlon LUlthd[lOﬂ can be achjeved.

Selected Readmgs ,
Adames G. E. 1943. Baba:.su A hard nut to crack. Ag’rmu?tur(’ in the Americas. ’%(10)

s

Eckey, E. W. 1954, Vegetable Fats and Qils: Reinhold, New York.
Gadin, V. J, and P. C. Spensley. 1971. TPI' Crop and Pr@ducf Digest No. I Qils and




o ol bubussa, the col

ne pabn grows in Cenftral Americi, Like babasst, it
s ol frojt as shown heres (W HD - Hodge) , o

has huge bunct
' i
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Ozlsedds Ihe Trop1cal Products Instltute London. (Avaﬂable from Publications -
* Section, Trop1cal Products lnsntute 56/62 Gray’s Inn Road, London WC1X 8LU;
England )

Markley, K.S.1971. The babassu 011 palm of Brazil, Economzc Botany. 25(3) 267 304..

Ministry ongnéult*ure Brazil. 1958. OBaba(:u Publication Ser. Estud e Ensaios, NQJ8

Pinto, R. W. 195l B bassu Brazil's wonder nut: Foreign Commérce Weekly. 45, Oct:3-4,

_Planeja.mento da- utili acao do bdbagu 1952. Revista de Qmmzca Industrzal (RIO de
" _Ianeiro). 21(242 4. . o

Pollakoff J 1957 Biazilian oilseeds. OIeagmeux 12(3):172-4. : “

RlZZlnl C. T 1963 - SObre . a dlstmgao e a dlstrlbmcao das duas espécies dc babacu
(Orbzgnya} Revzsta Brasileirazde Geografia (Rlo de Janeiro). 25¢3):313- 267

Sadaba, R. M. 1953. The Aimportance and economlc future of the babacu palm Bo[etuy
~Oleiculture Internagcional. 3:23-31.

Sﬂva S. A Ferrelra da. 1971. Primeira contnburpao ao catalogo slstemanco de plantas
Braszlenas pradutoras de Sleo, céra ¢ resing. 1° Parte Monocotilédéneas. (First con-
tnbutlon ‘to the systematic catalogue of Bra2111an oil, wax, and resin- producmg plants,
1st part, Monocotyledons ) Centro de Tecnologla Agricolae Allmentar Departmento”

Nac1onal de Pesqulsa Agropecuan& M1n1ster10 ‘da Agricultura, Rio de Janeuo Brazil,

Smlth N. 1974 Agouti and babassi Oryx. 12(5):581- -2. The Fauna Preservation Society..

Souza Rezende, E. J. de. 1964 Approve1tamento economlco de babagu Rewsm de
Quzmzca Industrial. 33:25:

Weiss, M. 1955 La babassu rlchesse ndtlonal du Bresﬂ 01€agmeu\ 10(12) 839 43

RéSearchi Confécts_‘_ and Germ-=Plasm :Supply"
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Department of Botdny, Smlthsoman Instltutlon Washlngton D C 70560 USA (R W
Read) ,

lnstltqte of Industrlal Technology, Bélo Houzonte Brazil (A V. Fllho)
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BUP;FALO GQURD N

3

. a - 5
s

DEmands for edible o‘lTand protem in ar1d lands are mcreasmg Untﬂ recently, “
wild  gourds. belongmg to the squash family, Cucurbltaceae havebeen
overlooked as a.potential source of: oil afid protein for hvestock and huparfs.
Several of’ these are hlghly drought—tolerant partlcularly the buffalo gourd *

-

"Cucurbn‘a foendtsszma HBK Also known as buffalo gourd chlhcote or mock ora.nge o
Farmly Cucurb1taceae o o D v S
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OILSEEDS - - =

(L C Curtrs) ) /

On barren land the buffalo gourd may ma/cch the- performa
proteln and oil' sources “such. as peanuts and’ $unflowers, wl

7

|

|
!
]
{
J

Harvestmg these- two buffalo gourd plants gmwmgwﬂd -Rear- Snyder T/e\as yrelded,l 3
kg of dry seed, desprte arid condmons ack of care, and/fack of. agronor#-nc 1mprovement

ce of tradrtronal
hich require more

water. But little research has been conducted, and the buf alo gourd is not
yet commercrally cultivated anywherfe. Much - research particularly into the
nutrrtronal efficiency of the oil andérotern still remains to. be done ‘
I""The buffalo gourd is a vigorous perennial. It grows wrld lon wastelands in
the deserts of Mexico. and the southwéstern United States‘ and produces an
- ‘abundant-crop of frurt contarmng seed rich in oil andr‘]p
fleshy, dahha—hke tubers grow as deep as 5.m to obtam and store water.’ The

rotein.. Its large,

Spherrcal frurt (to 8" em- drameter) contarmng pulp and ﬂat whrte seeds 17
mm long and 77 mm wide., The fruit can be mechanrcally harvested and the

ﬂesh dr1es SO’ completely 1n arrd envrronments that the seed inside'.can be

threshed out.: oy

~ Each fruit- of the buffalo gourd contams about 12 grams of seed and, on
the basis of 60 fruits to the plant, 1 hectare of plants can produce 2.5 tons of
-35 percent protein and up to 34 percenrt oil.*

“These (estlmated) yields compare favorably with other orl- and protein-

seed. The seed. contams

- bearing crops such as soybeans and peanuts. T

\

1

The seeds can be crushed to obtain the edible polyunsaturated oil for food

and industrial use. The pulp frorn undried fruit is used for cattle'feed, +
" The buffalo gourd s enormous root can weigh as much as 30 kg (70*
percent m01sture) after ]ust two growrng seasons. It is filled with starch and in

2

“‘Jacks‘, Hensarling,..and Y_etsu. 1972. See Selected Readi‘ngs.J
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L 'adethI’l to its uther uses buffalo gourd is now becomrng recogmzed as aaroot ~
crop. The roots (as well g5 the leaves and fruit), contain ‘bitter-tasting
glycosides; however the st rch can be Separated from them by soakmg inna
dilute salt solution.” -

_ The plants are long i ed some are reportedly over 40 yéars old. They are
hlghly resrstant ‘to -ccumber beetle and squash bug The plants can be
propagated asexually from nodalzroots if the Long, running vines die stapled
to the soil and ‘watered, a, fresh rdot starts This cloning process produces - 4
new. generatrons rapldly Within 2 years, thousands of genetlcally 1dentrca1
offspring can beready to plant w

- The buffalo goyrd has beef used by North Amerrcan Indlans for centurles

They used the seeds for food and soapy extracts of the frurt pulp and vine for

washing clothes and cleanmg hides.

- One research project on-the buffalo gourd at the Arid Land Agrtcultural k

: :"Developmerlt Institate in Lebanon is hybridizing varieties to obtarn seeds

- that produce plants that mature more quickly and glve a higher yield. The
institute is also working to deyelop-seeds with higher oil and protein content
and a purer oil that can be stored without turning rancid. Recently, some of
the }ughest-yreldlng gourds fiave been found to-be male-sterlle opening vistas
;’fdf srmphfred rephca’uon S

¢ £
E A




. . One half of a 3-year-old -
 buffalo gourd root, This |
. specimien  weighed 45
kg Although. this. was o
produced “by a plant
growing under ¢xtreme-
Sy arid- conditions, the
23 kg ‘of starch it con=
/" ~ tainsisequivalent to.the.
- amount producea by a.
score of potato ,pJants
‘grown under good con-
ditions. (L. C. Curtis)

/o LIMITATIONS AND SPECIAL REQUIREMENTS
Buffalo gourds requue long penods of warm, dry Weather for- optlmum
'growth ‘They are sénsitive. tofrost and intolerant of wet poorly drained soil.
Great yield differences occur among, individual plants some are essentlally
barren ‘some prohfrc The:size of the fruit-varies. Some variatjons are. -
, undoubtedly due to seasonal fluctuatiofss, others-are genetic. . Sorﬁe plants
~~ havea preponderance of male, ~some of female flowers, I

o As already mentroned it is not known how- the oil ‘and the pressed cake

: contammg the protem will compare wrth/other oils and proteins as food for -
“hurmans apd livestock. The possibility that the meal or pro‘teln might be’.
‘ medlble must be 1nvest1gated by extended feedlng trials. .
i Buffalo gourd protéin—like other plant proteins—is low in ]ysme and the ‘
| _sulfur—contammg amlno acids. -
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«Experlmental plaitlmgs selectlon and breedmg are needed in many new

‘ reglons : ;
. The meal has a high phytic acid «content, and extensive feeding tests should
be undertaken to\ determine whether excessive saponins or other toxic

substances are prese t. o - '
More 1nformatron is needed on water requrrements and other ag;ronomlc

'parameters S el

oA ‘\‘ h ’V ) . ) . \
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AResearch'Contacts and Germ Plasm Su;iply
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g 19687 New: Orleans Loursrana 70179 USA (T 1. Jaeks)
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o CARYOCAR SPECIES o
Caljyocar* speéies tropi'cal'Ne’wl World tr?:es,,are abundant in the Amazon
e ‘basin, the' Guianas, and central Brazil. Their seeds are an exliellent source of ~
i ¢ edible oil. 011 production from these species could be greatly increased and )
% industrialized. But this is a long-term project requiring considerable research. -
o GoebooE ‘1 ‘In the 19th century, Sir Henry, Wickham, the man who in roduced rubber
trees to Malaya gave equal emphasrs to ‘the potentral of Ca ocar villosum
aud Or lubbcl whcu he s ac;uu. Llu: seeds Ul both trees from Brazil:to maraya Dut'
" caryocar did not recerve equal attention by the rec1p1ent? By 1952 it was:
~ reported that. the trees still surviving from Wickham’s- seed were sadly =
neglected and that there had been tro postwar production of nuts or orl :
“there.. = - | : B
Caryocar fruit, like tho&: of oil palm, yrelds two edrble oils— —one from the'
" pericarp and one from the ketnel. In texture and ﬂavor caryocar kernels are
sald to be the best edible nuts in the troprcs ‘ \ o
- There are 15 caryocar species. The best kerW‘J Caryocar braszlrense or
pequ1 is a hiedium-sized tree that’ t’lourrshes irf the Planalto of Central Brazil. )
- A closely related. species, also showmg\great promise, is Caryocar villosum. . “}-\
Caryocar braszlzense _probably has greater potential because it isa smaller tree y
" _and-therefore easier to harvest. It grows in marginal, low-quality soil; where .+
“few other economrcally useful crops .will grow. "Caryocar brasiliense,
ﬂourrshmg in the cerrados of central Brazil, is a low tree with beautiful |
\ yellow or white flowers. The fruit (about the size of an orange) contains an o
\ oily pulp and kernel that are used for food. So far, they have been employed
ST nly in ho cookrng The frult is made into a tasty quueur, well Known in - -

e frurt 1s urrounded by a frbrous husk (mesocarp) srrmlar to coconutr
husk \'{en percent .of the fruit is a starch. The large, fleshy fruit, weighing as
much,_as 0.4 kg, is surrotinded by a shell (endocarp), which, like coconut
_ shell, is Tsed for fuel,-either. directly or after conyersion to charcoal. Inside
_are: 14 kirlney-shaped browp kernels smular td Brazrl nuts, coated with a J
pale yeﬂomfat that provrdes oil. Itisa sweet ‘oil and is an excellent substitute-” . -
for cookmg t and butter., The oil is composed largely of glycerrde esters of
palrnltlc and oleic acids: L1ke the palm oil thatnrt resemfbles it can be uged for

’ srmrlar purposes: It is easﬂy bleached. . , a : \

. The kernels have a thick shell almost nnposs1b1e to crack They, too (lrke

s v 011 palm kernels), contain an 011 lughly prrzed by the 1ndrgenous populatrons '

N of northern South Amerrca L S

b .3.*\ _
Bt KT v
oy *e.g. ,;Caryocar braszlxense Carnb Also known hiiS pequr or piqui in Brazrl and azryoc);r ‘ Q

1 wllosum known as prqur—a in Brazrl l"amrly Caryocaraceae
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So,p.mmuts fronLCaPy“ocarglabrum (FleldMuseum Chlcago)
By the tmne tlvey are 9 years old the trees reach a. helght of 10 m; the

spec1es (e. g ‘Carpo-car. villosum) is so durable that-it js used i in. shlpbmldmg
Other caryQcax specnes worthy of commercial con51dera uoq mclude }
e Caryocar amgydallfemm Mutis. This tree grows irf orthern South
- America_and produces seeds that are a source of pleasant—tastmg sawatre or

s ES

suarlfat used mfo-od : : : o PR
. Caryocar glal':rum Perr. A tree of the Guxanas 1t is known also as

w l:

\soapwood - EEER o N R

spread of themr branches equals their height., The ‘wood fiom some ca:yocar :
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t e Caryocar nuciferum L. It is a tall tree that grows in Braz"ﬂ‘.and the
Guianas, and is also cultivated in the WestéIndies. A product of the tree is
suari nuts or butternuts, whose edible oil is exported.

o Caryocar tomentosun? Willd. A large tree of the ‘Guianas, it is also
known as suari tree. @

; LIMITATIONS AND SPECIAL REQUIREMENTS
pt ‘
The caryocar tree has never been agronomically researched, but it appears

hf““‘ that economic considerations are the only real obstacle to success of the tree
as a troplcal crop. Evenl initial- mvestlgatlon might produte cost-cdtting
measures. : ~ N
, The rlpe fruits must be treated as 'soon as they are harvested, because
en;ymes cause ﬁee fatty acids to develop during storage. '
b RESEARCH NEEDS‘ Q B
A caryocar seed bank should be developed to supply mterested agrxcultural
'- orgamzatfons throughout¥the -world.” Horticultural requirements must be
determined. . s \'
. Allr econorruc aSpectS of harvesting, prO(,essmg and marketmg require ..

study B

. Selected Readmgs v o -

: .(Barradas,_M M. 1.979,‘ fInformagdes sobre floragio frutmeaeao e dispersao do piqui
Caryocar bmszhenfe ‘Camb. (Carymara(,ede) (,‘zencmle Caltura. 24(1 1) 1063-8. (Avail-
dijlc Iro‘m the author sge Contactq list.) ;"f .
Bdrmdd.s M M. 1973. Morfolog.ld do fruté e da sumntL dc Caryocar hrast{len.se (Piqui)
em virias fasés de desenvolvimento. Revista de* BIO/Ogm (Lisb.) 9(1 -4):69-84. (Avail-
.7 = able from thé author, sce Conlacts list.)
=z George C D:V. 1929, Piqui- -4 fruit oils. Malayan Agrftulture Journal 17:166. ;
Ha.ndJ:o W and M. M. B‘axradas 1971 Sobrc os dleos d¢ fruto e -da sementc do

; ﬁlﬁcher Sao Paulo) “This p: paper coxrta:ms afl anal:?w; of the.oil content of the fruit.
H,owes R. N. 1953 rN m-, Thfe;r prducfzon dnd E verydgy Uses F aber and Paber Ltd.,
Lond'_ .

V2 ;\,1'94%"Two ‘new: species”of Caryogaraceae Erom nort_hem 80uth Amenca

. 'Tropzcal Woods. 324 1»6:].8.";. e .

.4 e, EX V. 1957, Ji’lqu]—a-:potl%‘ntlad source of vegetable 011 for an 011 sta.rvmg wor]d T
- Ecénomic- Botany 41(3):187:20%. . :

o Pranca G T and'M F. da Silvd. 1973 Caryocaraceae HoraNeotropzca 12 1-75.

igua-«Carwt‘ar bmszlzensa Gamb.- L] Stmposw sabrc o cerrado: pp. 110-13, (Editéra -
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Research Contacts and Germ l?wlasﬁi]mSupply

Iﬁst1tuto Bioldgico, Caixa Postal 7119, Sao Paulo, Brazil. (M. M. Barradas)
Instituto Nauonal -de Pesquisas de Ama;zemla Manaos, Brazil

‘=~’New York Botamg:al (Jardens Bronx, New York 10458, USA (G Pranue)

il

JESSENIA POLYCARPA |

Jessenia polycarpa®’ is "a little-known , palm that produces oil closely
resembling’ olive oil. It grows7~abundantly in some -lowland 'areas of the

* Amazon region of Venezuela and Colombia. Its extraordinarily largé and
- heavy fruit clusters are comparable to those of the Afrlcan oil.palnt; Though

much used in its homeland, the plant has never been Cult1va'ted ‘however,
curreat olive oil prices make the jessenia well worth 1nvest1gatmg as.a

. potential commercial source of edible oil.

The purple fruit, 3 cm long, has a thin, oﬂy, edlble pulp enclosmg a f1brous
husk that surrounds a horny seed. The pulp constitutes flmost 40 percent
(dry welght basis) of the whole frmt it is approxunately 50 percent oil. Adult
palms avérage two fruit Llusters per year or 30 kg of fruit, from Wthh 2.2 kg

- of oil (24 liters) can be extricted.

The yellow oil from the pulp is sold in markets in Colombia. It is equal_ly

fsatlsfactory for food, soap, or cosmetics. The rmlky residue from oil

extractlorl (called yucuta) is consumed as a ’oeverage The seeds are eatqn

_ mainly by the, poor. . , : (

F eather-leaved Jessenia polycarpa grows in dry soil above ﬂood level in the

- Amazbn basin. Another palm, Astrocaryum, grows along river banks ﬂooﬁed \

for 5 months of the year. It also bears fruit in edible oil. If Astrocaryum

.- wefe grown in conjunction with jessenia, both 'types of land Whlch o
' commonly occur together, could be utilized. | ‘ :

Another species Jessenia bataua (Mart) Burret is a medlum 51zed palm that

3 grows,in the states of Para and Amazonas in B;azll in Colombja ,an n}jthe

Orinoco River Valley and the Gulf of Pana“m Venezuela» The pulp, contams ~
18-24 percent oil, which is yellow-green in color.\ The oil, Qf ‘high qu,ahty and )

- »

“*Jessema polycarpa Karst Also known as seje, seje grande, coroba, mﬂpesos (Colombla)

and pigua (Venezuela) Famﬂy Palmae
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almost identical to olive ,oil, is obtained by boiling the macerated fruit in

\

Jessenia weberbaueri Burret of Peru bears exceptionally large fruit (to 4

cm long with seeds 2.5 cm long, 1.5 cm wide). - .

N

2

* A jessenia palmi'm thg. Vaupés of Colombia. (J. Zarucchi) - R S
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LIMITATIONS AND,/SPECIAL REQUIREMENTS

-Very httle is known dbOUl. any Jessema species or their products Such basic-
mform'mon as the number of years required for the plant to matu1e and bear .
-seed has not' yet been’ detcrmmed

N P
. . L .
RESEARCH NEEDS oo I ‘ o

All 5pe01es ofJessema should be ehe(,kecl for theeir o1l ploducn@n dnd quallty

Testlng Jessesiia! polycmpa (or another species if it proves superior) under
plantatlon eondltlon‘ﬁs essentjal. 1f 2 plantation culture: eoulcl be developed,

it WOuld be the key to SWUJHOH of tlm plant

]
T : ~. . l i B ‘ M
Selected Readmgs e \r |
R N SN . 3
—P&fel-A—r‘-bd;}G?—lfr lQSﬁl’Ilanias U[l[(’s de (,olomhza 3rd_ods 1brer1a Colombmnd, Ca-

maeho ROld..m Cia (Ltda), Bogota, Colofnbia. ‘» i e i
Romero D.) G. and Dfénilo Luna M: n.di Pacnbtlldaa' de k l\plot‘auon a’el Sege en los
Llamos er‘enmles (olpmbmuos Centro de Desartollo lnteurddo “Lay Gaviotas,”
~ Universidud lndustrml (.lL Sunhmdnr l)lvmon de Ciencies Fisico Qumums Santander,

Colombias : Cod :
Uphof 1. C. 1968. Dlumnar yof FLOHOHII(. Plaiits. S H Servtu Agen{v Rwumde Nuv
A JL).'SL)’ 08075, USA ‘ B - | ~ v
N

Research. Contacts and Germ Plasm Supply

Botdmul Museum, l-larvard UanLI‘SllV Oxford Street, debrldLQ Mdssdehusetts 02138

" USA (R. L. Schultes and M. Balik)~+ a
Centro de Desarrollo Integrado *‘Las (.a\uotds M (‘alle 71 No 13 ‘36 Bogotd D.E. C‘olom-
bia (Padlo Lugari) -~ \\
" Department of Bot"my Smlthsoman Instltuhon:’sthmgton. D. C 70560 USA (R W
Redd) [ . .. -
el l PR i
3 . s, i k K
- . = \‘_[ ‘_l-“*&" X o ) l . ’
JOJOBA B n

JO]Ob'] (pronounecd ho-l;o bd) is a h:ndy sluub that grows in arid regions qt
~northern Mex1co and . the outhwcstem United States. lts seeds contain a
' llqu1d ‘wax” (esters of fatty acids and alcohols) that lms nnplesswe mdustnal

pofential. - - - / : l e

1t is- d,tfhcult t réduce synthetlc llquxd wax commercxally Smce the
en(langeled sperm wha le isthe only natural source at present the jojoba plant
may‘, m tlme beo/ome tlle only solrce. of hqu1d wax.| Jo;oba 01l ~may.

e S ' 8 . \ .xv‘ S X l

iy 4

XSinmicsdsia CIziiz’éizsis (Link) Sclmeid’er'. Family: Buxnce}ue.q -

CL P / T
K Yo J

0
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~"_,JOJoba seeds, oil, and the. very\hard waX that Is. obtade by h\’drO!{EI‘ld(lnLJOJObd oil. (l
Battag'lla) : :

0

| R | . - . ‘@

K : { : 7

cvcntudlly replau sperm oxl dnd save the species by makmﬂ it unewnom)ul

7 to hunt sperm whales. b S . .

hidustry use's 5pcxm (nl in lUbricunts th/' must withslmd /C‘\ln:‘vm

-pressures—for example. in qnachmcny gears and au omobxlc’ transmissions.
Sperm whale ol is S0 valuable to industry in the, United States that it lms
been clissified  as a “stratebic material and stockpiled -against national
cmclgmucs The hqmd wax 1r0m J()_]Obd may plowm an cmnomlmllv
attractive alte;nauvc v ‘ L -

Some other plants yield Sdt‘urdted solid waxes as u)%&angs on seeds, lrmlb
feaves and. stems; but jojoba b11 is the- only unsatmated llqmd wax readJJy
extractable in large quantities from a plant Source. o e
~ Jojoba cultivation and proceSsmg, th,c manufacture of | ]oloba products, and

" the utilization of by- products lmght help impdver ished pcoplcs in zmd 1ands
‘tofbecome economically self- supporlmb g

The jojoba plant tolerates extreme” desert tempudtmca danly highs of"

. ,35 ~45 C shade readings- are common. during the 5ummc1 A true drought- o '
resistant” deseért .shrub, it thrives under. soil Lmd molsiuxc umdltnons not. -
suitable for most-agricultural crops. :

- Five hundred mm of rainfall a Jear is suihumt to wppoxt productxvc
stands of jojoba;, .cven 100 mam. may produgc a light crop of seed. The shrub -
has been known to survive as long as-a year with no rainfall at all. A cashcrop
of jojoba would not:significantly deplete scarce water suppheb which are now ]
in great demand to-sustain increased population and: cultivation of water-
consummg crops such as cotton and sorg,hum Jojoba. 1equh es water during

‘L-

o . .
a i . . 4
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wmter and sprmg months to. set 1ts ﬂowers and seeds Its summer
vrequlrernents are low in contrast to most crops that, in arid regions, ‘need
‘ water when it is most scarce to protect thém from drought. Jojoba also”
‘ appears to be fairly salt tolerant: “one tested variety, Vista, showed no
detrtmental effect on growth or flower productlon ata sorl-water salinity of
’ about 7,000 mg per liter.* )

Frequently stunted to a helght of 60-90 cm by the harshness of its
,‘ fenvuonment or heavy browsirig by wﬂdhfe or hvestock jojoba grows as high
~.as 23 m:in weél-watered sites. An" evergreen, it has. thick, leathery,
blu1sl\\~green leaves and brown nut-hke fruit. Tts natural lifespan appedrs to be
N more\than 100 years and may exceed 200 years - Jojoba i isa rugged plant that
can régenerate lost limbs and survive harsh. treatment. = ~
Jojoba seeds.contain about 50 percent hquld wax. The wax can be

- using ¢onventional oil§eed equipment,, It often requires. little reflnmg for use

. point are similar to-those -of sperm whale oil. Perhaps. the most anortant
-properzty of Jo;oba wax is that it 1s\undamaged by repeated heatmg to high’

. temperatures ang" reportedly does not change viscosity after repeatedv
temperature changes. - T

. The lwax has been. suggested for use. in -a Varlety of products rangmg from

,hnoleum to detergents: to’ pharmaceumcals Its stabthty in terms of oxidation

' products . i - 4

o percent protem It has an unusual chemlcal that suppresses the appetite of -
Haboratoqy rats, but may bécome acceptable after processing, for 11vestock

| feed eSpecmHy the feed-short arid regions where ]o]oba Brows.

oo In add‘,ltron t‘;\

. ?whlte wax, wit 1rnp rtant potential for use in' polishing waxes, carbon paper,

rand a host of other products It miay be a suitable substitute for carnauba. and
»beeswax Whose pnces have recentiy mcreased snarply T S

o
! |

\‘ . . a ‘ L' !v

: o A serious lﬁm
% . variéties. Seed now available is variable and produces non—umform plants with

\ll‘

toroot ,‘ﬁ A R . o e

)
‘ S *Yermanos D,)Vi., FrancoisrﬂL.‘ E., and Tammadoni, T. 1968, Eqdrtomic_ Batanj:'. 22. : )
. . /'E 1 ' . : . ‘ ' ’ o . \\ .

“ougsEED"s’.* FAR T 0T

and rancldlty make it partlcularly attractive for use in cosmetrcs and other -

Aftert the wax has been extracted the re51dual seed meal contams up to 35

| LIMIT&ATIONS AND SPECIAL REQUIREMENTS i S
1tat10n to the developmenr of ]OJOba is- th, lack of hlgh-yleld '

uneven- ylelds Cuttmgs (Wthh would cncumvent thls) have proven: d1fﬁcu1t.' .

obta1rred in h1gh purity by pressing or by using 4 solvent to extract the seeds, -

in lubr‘lcants It is very slow to turn rancid. Its viscosity, flash point, and fire

can be easily hydrogenated to produce a'solid, hhrd

#
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- Jojoba bushes - covering the® hill slopes in. the Sonoran desert mear Tucson, “Arizona.
(University of Arizona) - ‘ Sedoe _ . o

Harvestmg jojoba in a 10 year-old plantat1on at Blldt lhfdtl This area’ receives about 23(1
mm annual rainfall, but without any irrigation some, of the best plan&s yield 3 kg oi 1ru1t /
ina smgle harvest, (M. Iortl) Co ;. . woLoE : -

~
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From plantmg untrl the flISl: harvest takes 4-5 years Investment mnney is, ;_

therefore tied up for a long, time before ificome is réalized. Belause 7'to 8
_years-are- reqrrrred’torﬁhaev’e full yield potentral ]0]oba research must be

planned ona long—term basis.” - . |
Joloba bushes are either stammate (male) or prstlllate (female) Only the
“prstlllate bears seed. At present ome. cannob d1st1ngu1sh the sex of seedlings

until they flower. Several seeds must be planted at each site to ensure that

enough plstrllate plants will be avallable Most of the staminate plants are
44
,;removed at maturlty leaving. only enough to pollinate the plstrllate plant!s
7 o;oba plants espwathen young, are sensitive to frost. w

a

,,:.;/

o

£
<14
3

RESE;ETRCH NEEDS

JQ]Oba wxll need an mtegrated research and development program de51gned to
include the following: ‘

- e Development of large scale ]o]oba plantanons for technlcal and eco-

'nomrc evaluat1on

AMSele”ctlon and breedmg for product1v1ty, hennaphrodmsm (both sexes

on the same bush), cold resmtance mult1ple annual yJelds ea,rly maturatlon
and a shape that facilitates haryest;
Ce Agronomic ‘in 1/vest1gat10n to define factors mﬂuencm growth and yleld

such as. altrt,ude “temperature, moisture regite, fertthzers plant—spacmg, ratio -

of male to fémale plants, and soil types;

. Development of ngw uses for ]0]oba wax and its ':denvatives and testmg

v,.a’

'produots for their impoftance and value tu industry;. o
L o Detoxification of ]0]oba meal for use as animal feed;.. -~ . l
. Research to find sex-lmked characterrstlcs that Would allow early sex
Jéientlfrcatlon of a seed or seedlmg, R ~
. Development of commercral methods of repetlhve propagatron for rapxd

productlon of désirable: Vanetres This. would makg possible large plantatrons ‘

of the umform selected vanetres\most useful to agrrculture and 1ndustry

g g N i 3 . “‘
o o . - L T . y o
- i AL T . B 1
&t

\Selected Readmgs | , l o \- - ‘

.‘?

Gr\\ntry, H. S, 1958 The natural hlstory ‘ofJoJoba (Szmmorrdsw chmenszs) and 1ts crll’urral

~ aspects. Economw Botany. 12(3):261-95.

l-laase EF /arfd W G Mchmes eds \'1976 (reprir ted) Jo;oba and Its Uses An Inter-

nanonal Conference Umverstty of Artzona June 1972, (Avatlable from Office of
Arid Lands Studres, Umversrty of Ar1zona, 845 North Park Avenu\., Tucsun Anzona
85719, USA:Price $5. 00)

Jojoba Happemngs Quarterly Newsletter Armual subscnptlon $5.00. Pubhshed b,"’ the
i Ofﬁace of Arrd Lands Studres Uruversrty of Anzona, see address above N ﬁ

lid ?

i s g e %4 Ve i i o e R

i
-

s
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Muov N. T 1952 'Slmmondma or JOJOba A problem in economlc botany Economzc ’

Botany 6(1): 41-7. ,.‘

Natronal Academy of” Scrences 1977. Jojoba: Feastbzltty for Culttvanon on Indzan Res- :
ervations in ‘the Sonoran Desert Regions. Washington, D.C: (Available from Printing . -

and Publishing Office, National Academy of Sciences, 2101 Constrtutlon Avenue
Washmgton D.C. 20418, USA. Price $3.00.)

Sherbrooke W. C,, and E F. Haase. 1976 (reprm‘ted) Jo;oba\ A Wax Produczng Shrub”'- )

" of the Sonoran Desert. A therature Review and Annotated Bibliography, 1974.
Offrc/e of Ar1d Lands Studies, Un1vers1ty of Arlzona see address above Prrce$10 00."

'Sherbrooke Ww. C.'1978: Jojoba: An Annotated Btbltographzc Update. Ofﬁce of Arid )

Lands Studres Umversrty of Arlzona, see: address above. Price $5.00. - f.

]
! P

® f"z;,

“Research Contacts and Germ Plasm Supply | .

&

o l Department of. Agronomy, Umversrty of Calrforma R1vers1de Calrforma 9250% USA,‘;’

: AD:- M. Yermanos) : T~ @
,‘-'»._,Desert Botamcal Garden Phoemx Arizona 85010 USA (H.'S. Gentry) o — :
- “National Academy of Scrences 2101 - Constitution Avenuo, NW Washmgton DC”
20418, USA (N. D Vletmeyer) : ;
Research -and Development Authority;. Ben-Gunon Umversrly ot Negev PO B. 1025
“Beer-Sheva 84110 Islael (M. Forti) -~ ’, . l
: ,Umversny of Anzona Ofﬁce of Arid Lands Studres Tucson Arrzona 85719 USA
(1. Johnson) ;‘ B L

‘;Lrsts of research cont cts as well as supphefs otJoyoba seed seedlm s, and products can T

‘o

be found in Joloba Happenmgs see Selected Readmgs




The reason for the tree’ s pecuhar b hav1or—1n full leaf- -when most other '
\plants are leaﬂess—rs not. fu]ly unders ood Acacuz albzda has great prorruse as
4 forage plant i in areas with a‘prolon éd dry season , o
- Its foliage is a valdable fodder fgr all types of stock. The young leavesand -
shoots are usually av1dly browsed vaestock that eat Acacza dlblda remain in ;
" good condition during,the dry sehson when it is often the only green growth 3
avarlable The tree is often’ lopped and branches camed to the camels, cattle, '
xsheep, _and goats The pods too are’ eaten: by hvestock especially cattle, and
also by- elephants antelope and baboons “The nutritional value does not
detenorate on drying (whlch is the case W1thfmany other acacras) s0 Acacid
" albida is fed dry in many /parts of Africa.:} ) ;the Sudan, trees. produce an
~ average of 135 kg of pady/per tree. The yreld from a stand of 12 trees in the
_Sudan ‘has beencalcalated to be 200 kg of crude protem from the pods alone.
 This compares favorab with 180 kg of crude protem from g crop of V

'.»groundnuts (and oth r crops) are grown dunng the wet season when the
Acacia albida ifleaflgss. :
' Acacza albida is large thorny tree It is sornetrmes shrubby, but grows up /.
. to 25 m hrgh Jf "'owed to grow uncopplced In West Africa, it, is generally i
© left standmg 1nt e arable lands. Leaf-litter decay and excreta from grazing
f ’,ammals durmg e dry season enrrch the soil, whrch has. resulted in greatly-
: "mcreased yields. ’Ifhete is, as yet no evidence of any apprecrable beneﬁt from :
‘;mtrogen fixatjon by the roots. e
i The seedscontam up to 27 percent crude protem arrd are eaterfsby péople '
’ mRho esia d’uTng trmes of famme The seeds are. boxled to 1005en the skin and ‘

¥ o

N :]A‘ ) E -3

Q_m, ca_l'?ellthorn.a.Farnily:'Leguminosae.‘ ;-‘, L i

T e 0 .
A Y d
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| then reborled to separate the kernels A mature tree can produce more than a
rmlhon seeds a year., C ‘ :

N Acaqra albida pods may be rnrxed wrth maize and groundnut rneal for food
_ " of combmed with hay and succulents for fodder.

RS R southern and eastern Africa, Acacia albida is always found 1n rrparran

; commum,tres ‘but in West Africa it also grows away, from river banks and

2 L watercourses——often in cultivated lands [ts ,growth patterns vary widely;

- sometrmes the trees grow&ngly, someétimes in groups, whosé upper branches

grow together formmg a canopy, Althéugh it can be found in altitudes up to,

4

usually found below 1, 00.m. In areas where the soil is permanently moist,

the 5oils are only seas nally moist. Where there is a bimodal rarnfall pattern,
there are two ﬂowerm periods’ and two ﬂushes of leaf per year:
' white. The soft yellowish-white heartwood is ,subject
to attack by borers and termites. Although it'is easy to. work it springs and
: tvyrsts after sawing, even when the wood is seasoned. ‘The old bark is rich in
in: (28 ‘percent), the roots and pods are not (5 percent) In northern
N1ger ‘the pounded bark makes a packing material for: pack’ saddles fof oxen
~—and- onkeys In West Afrrca and Tanzama the tree yields a gum og
* quality. et S -

S . B . . . ¥

' [

In the savanna cuntry of Ethropta the. brqad canopy of pmtem rrch leaves and‘lgods N
it) |

9 of'Acucm aIbtda provrde shade and feed for hvestock in the dry séason. (H. C. D de

' P

- 1,800,m in Uganda, and as hrgh as 2,300-2,500 m in the Sudan, it is more -

-the tree is likely to re am green for longer periods than in those areas where ‘

SOOd:‘
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:LIMITATIONS ANDSEECIAL REQUIREIV’ENT o

Acaczafalbzda t,rees are thorny Some pods are reputed to tarnt mrlk when fed
to darry cCows., :

' The seeds,:as i > many - other specres of Acacza are sometlmes heavrly :
mfested with bruchrd beetles. - The seedlrngs arg_especially susceptible to
msect damage but no more so than many other natrve specres

) .k

VoA T C : [

RESEARCH NEEDS P ‘
Acacuz albzda deserves further mvestrgatlon throughout 1ts natural habrtat to
determme ecologrcal demands and’ limits such.as soil; climate, and altitude. -
Experrmental plantings*in arid regions of Central and South Amerrca A51a ~

~ and Austraha should-be conauoted to determine: - AN

o
x

. e The amount of forage produced and its nutrient value; I a
f °  The effect on liyestock ‘of protracted, feedlng, I
e The techniques for propagatmg and ¢ult1vatmg the plant L

e lts potential for copprcmg (regeneraﬁon via hew shoots) 7
o The effect of’browsrng on the plant; PR
. The effect. of the thorns on animals (camels don’t seem to care)
e The, effecteof nitrogen fixation; and ’ CORE
.. Its potentlal tor fix mtrogen R T ;— [
O %;ﬁ . i ‘ \V.ar; %,
Selected Readmgs R ;,";'ﬂ SR B |

‘ Codd L E. W 1951 Trees and shrubs of the Krugermatronal park. Bofamcal Survey
S Memoirs. 26 Department of- Agriculture; Capg Town, Union of South Africa. ‘,
Dalzrel JioM 1937 Useful Plants of West T?obtcal Afnca CrOWn Agents tor ‘the
Colomés London .p..202. It
Hunting Techmcal Semces (G Er Wrckens) 1968 Land and Water Resources Survey of
' .. the Jebel Marta Area Repubhc of the ‘Sudan, Reconnznssance Vegetatron Survey
Acacm albida bel Za. general survey (wrth special, reference to observatrons made in
the U.N.S.F. Jebel Marra ‘Project). Volume 2, Appendix 1V; pp. 2472, Food &
Agrrculture Orgamz:f'ﬂon “of  4he Umted “Nations, Rome (Order numbe
~LA:SF/SUD/17.) ..

Irvme F. R, 1961, Woody PTants of Ghana Oxford Umversrty Press London -l
\K Radwanskr S A.,and G, E: Wrckens 1967. The ecology of 4 cacia albrda on manﬂe soils.
\ : mZahngeuJebel Marra, Sudan, Journal of Applied EcoIogy 4: 569-79 R t
: \Watt I M., cand M. G. Breyer—Brandm;k 1962, Medtcmal and Poisonous’ PIantX‘ of
;v Southern and Eastern Africa., 2nd Ed. E. & S. Lrvmgstone Ltd., Edrnburgh’
X\hckens, G. E 19§9 A study of Acacm abeda Del (Mrmosordeae) Kew BuIletr‘

23: 181-202 v"_‘ L ) : : w-' i
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‘ UNDEREXPL-bITEb TROPICAL'PLANTS

| o

Research Contacts and Germ Plasm Supply

‘The Herbanum Royal Bota.mc Gardens Kew chhmond Surrey, Eggland (G. DB‘

-A comprehensive Tist of Acacia alblda research contacts is glven in a companion report .

,W,herever it’ grows in quantaty, Broszmum allcaslrum* is much sed as stock

" Wickens) " . B

‘ Troptcal Legumes Ifesources for the Future. To order see page 187

| -

c [y

‘& ’ | o

- feed, espetially durmg dry seasons when other. forage is scarce. outsrde

\‘Efeed shortages 1;n dJ1'y seasons.. - \ <

~ Native to soutqern Mexico and. to\much of Central Amenca Bfoszmum

“““faltcasﬁum is- also fairly common in Western;]amarca and western Cuba..

' "Although mdlgenops to moist forests, it is extremely tolerant of drought. In

Guatemala, Belize, and the Yucatan penmsula 1tJLJS often the prmc1pal feed for
stock during drier onths. :

Cattle appear to enjoy the leaves and brancly t){ps }heabundant frmt‘Serves

as pig feed. The fruit’s sweef pericarp and its’ qhestnut—hke seeds are eaten by

- humans. The seeds taste somewhat-like" potatoes and are ®atén raw, boiled,

*Broszmum -q‘{xcasitr;um Sw. Also l/moWn as ramon, capomo, etc.,Fam"ﬂy: Moraceae.A LB
: wit [ g ; . : : ‘- Co

kg the Mayans for rnakmg their ; 1ative bread when stocks of maize run1

The trees can be tapped and the free flowing, milky latex mlxed\wrth

~ chicle or drunk like' cow’s milk. A related species, Brosimum utile, is the

“cow-tree” of Venezuela (made famous .
potable, milk-like latex. - j :
' Broszmum alldastrum wood is white, d nse, hard and fme grarned It is-
someumes used rconstructlon and carpentry. mYucatan B

'y Humboldt) whrch furfushes a’

~ The commer dial value. of chicle (the‘ basis of chewmg gum) spurred - -
o development of logglng camps in the’ Yucatan forests. Brosimum licastrum .

. -foliage 'is still uhed as fodder for the mules that carry the chzcleros (ahd,"‘
| archaeologlsts) At each camp, ‘trees are felled and the branches lopped off S0

:i,‘ S 5 P '

B/

-~

 BROSIMUM ALICASTRUM Co

its natural Tange, httle attention has been giveri't its:economic potentr " The. ,
" tree could bé an u’nportant forage source for any troplcal ares that su fers

+ and: roasted. Théy|are also reduced to a meal that ismixed with- maize meal to E
‘make tortillas, or are Baked[wﬁh green plantam The seeds are\g thered by o
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ue s U’NDEREXPLOLTED TROPlQAL PLANTS“
that the ammals can browse the leaves nuts, and tw1gs whrch they: eat
eagerly Groves of large Brosimum alicastrum trees: are con51dered a Source of

hvestock feed equal to the best pastures . -

]
’

ey . .
- . o

LIMITATIONS AND SPECIAL rtEQUIREMENTs SR

L]

Broszmum alicastrum trees grow to. herghts of 20-30 m; the trunk may attam
a diaméter of 1 m. fmanaged for foddet, the plant cdu e mamtamed as a
small tree, but expélt tree chmbers are requrred to lop off the brandhes of
~ mature; umnanaged‘trees V L PR

| .
Co . - - c B : |
. :? i A -

RESEARCH NEEDS S S
The cultural requuements of Brosznzum alzcastrum and its adaptabrlrty fo new” B
‘regmns need testing.. Reportedly, the- tr;ee can be grown from seeds cuttings, '

-Or air layers Experrments are needed to détermirie whether the tﬁees can be
f closely planted and regularly COpplCCd The fodder y1eld of copprced trees -
~should | be determmed andycompared v\hth that of other dr0u/ght—tolerantf~ .

i

fodder plantsr . “ -
Seeds and leaves should be stuched to determme the nutrrtrdnal basrs for

their-feed and food values.” . : s o l

There -are three named varieties in Mexrco These and other type should o -
» * be collecteql and evaluated as feed and food sources. . - l S o

Becausfj Bmszmum aIzcastrum is. related to Artocarpus commums the. ',
~breadfruif of the Pacific Islands and %ecause férmented breadfruit paste hasa - ‘
remarkably long shelf life, a study of the. fermentatmn and« storagé behavi

-of. Brosrmum aWr ,seed& &nd’ﬁ“‘rf perrcarp could be' of great
mportan@ a ,‘ S ‘ -~

. . ‘ .
. | ‘ A o 2

selected Readmgs . T " i

A O X O Memco , ST . :
Pard JTejeda E. and C Sanehez Munoz. 1977 Blosrmumﬂlrcastrum (Ramon. Capomo,

te, Ojoche) Recurso Silvestre Tl'opzcal Désaprovechado Instrtuto de Investrga— e
* clones Sobre, Recursos Bigticos, A, C Xalapa Ver,, Memco S L
Penmon ‘T..D,, and 1. Sarukhan 1968 Arboles Troprcales de Mexzco PAO and In-
,,,,,,,,,,,,,,,,,,,,,,,,,,,, “stituto’ Nacronal de Investlgacrones Forestales Mexrco D.E, Me\rco v e
Souza—Novelo N. 1950. Plantas Alnnehtzczas y Plantas de: Condimento que Vzven en

Yucatan Instrtuto Tecmco AgrrcolaDcheq,uenero Merrda Yutatan Mexrco




: i g{dﬁpqd& of Bros’irrzmn‘a‘[:'c-as_‘;Un provide good-quality.
- feed,»which is a valuable resource during dry Q’eason_g (F."J. Cardenas Patromn)

o
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G T s ;ﬁNDEREXPLOITED TROPICAL PLANTS
Research Co,ntacts and Germ Plasm Supply

iBlochemlstry Depa:tment; Laboratonos Nac1onales ‘de Fomento Industnal, Apartado'
‘Postal 41-537, Mexico 10, D.F.; Mexico (E. Arias-Torres) ~

: lnstltuto de Investlgac:lones sobre Recursos BlOthOS A.C, Apa:tado Postal 63 Xalapa :

' Ver,, Mexico (E. Pardo Te)eda) .
Jefe de Campo Uxmal, Centro de: Invest1gac1ones Agncolas de la Penmsula de’ Yucatan o

» Calle 31-A, No. 143, Col. Nueva Aleman, Merida, Yucatan Mexico (P.. VlllanuevaP)
Quimico Biologo, Calle 57 #474 C Central Ped1atnca Merlda Yucatan nMe\n:o (F J.

CIfdcnas-Patron) a v R s . . .
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- Cassza sturtn* a beaut1ful yellow-flowered shrub froi;n the and and serruand ,
, «reg10ns of southern Austraha ‘was introduced. into ,Ls?ae‘l as an ornamental
,;-plant However, tecent research conducted at'the Kesearch and Developme‘xt‘
~Authority of - the Ben—Gunon ‘University of the Negev in Beer—Sheva has -
shown that it has great potent:al 454 perennial fodder bush.-
. Undex .the conditionis of the Negev desert, it has demonstrated better
year- ro'und palatahlhty than any bush yet treated (4¢riplex spp. [see- p§age "
122] , Kochia spp., other Cassia spp., etc. ) It has good grazing resistance and
The leaves haveLa thh protgin conterl‘t—about b pe‘rcent—and annual
dry-matter ylelds (i’ two grazing, per1ods) s’of about 1 000 kg %er haina 200 -
mm rainfall area. ) ~
o \The plant y1elds well in areas of 200-250 mm of wmter ramfall but also
b f‘.thnves in areas: of, higher rainfall. ‘It wﬂl grow-ina variety of ‘soil- types
i mcludmg sandy and shghtly alkaline soﬂs but does best'in Joamysoils. +©
 Seedlings prepared il a nursery miay be transplantegl to the. fxelcl 6- 12.%
mo}nths after‘ planting, If the soil 1s rain mmstened 4t transplanting time; no -
- _nrlgatlon is' necessary. Under the conditions of the northérn Negev plants. .
. &rqw qulckly enough in: loamy soil: for : grazing to start 1-1% years; after -
1ranplmt1ng Although seeds planted directly. in ;the field grow successfully, -
Q\grallmh as\slm than-whenthe transplan g method 1snsed Of’ce“‘
_established, the ' plants W1]l oluntarﬂymroduce ’
ne1ghbor1ng area‘

"‘stsm sturtii R Br F mlly Legummosae




Ungrazed Cassia sturtii. (MI-Forti) e b ) S

Wl

4 L . . ’ =

LIMITATIONS AN D EPECIAL REQUIREMENTS
It has been cla1med that sheep and cattle rarely graze Cassia sturtii in
- Australia, it homeland this should serve as,a warning to Tesearchers who:
~are considering troducmg it ‘into new areas. Only small-scale plantings
should be at empted at first, and palatablhty trials should be instityted early.
_*_The field trials i Istael 1ncluded only a small percentdge of Cassia sturtii
W1th1n any grazing area.- TheLe has/ been no indication of any toxicity.
. However, with' such a small p;oportlon of ithe plant bemg consumed by
hvestock toxmty may not’ have been eV1dent
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Selected Readmgs AR - f B T
,E«mnon WA 1921 PIant Habzts and Habztats znﬂthe Arid Portzons of Som‘h Ausrralza. ,
Carnegie-[nstitution of Washmﬂton Washmgton D.C. B
Forti, M, 1971. Introductzon of Fodder Shrubs and Théir Evalua,tran for Use in.”
o Semi-arid Ar ”ﬂo af the Nonh Wesrern Negev Negev ;[nstrtute fo‘r Arrd Zone Resear@ﬁ :
5 Beer—&levg,lsr Sl
Impenal Agncultural B_ reaux., 1947 The Use and Mtsuse of. Shrubs and ZCree& as Fodder.
-« Joint Pablication No: 10. Imperml Burcau of Pastures and Field Crops Abcryst\vyéth
Imperial’ Forestry Bureau, Oxford Impenal Bureau of Anuna.l Nutntrqn Aberdeen.
Symon D. L. 1966. A reyision .of the genus Cassia L ‘Caesalpmrace.m i Austrdha
) Transacnons Royal Soaery ofSouth Ausbtralxa 90 13- 151 :

- L Py

Reseznch Contacts and Gerqulasm Supply S e

il ©

Botamc Gaxder; and State Herbanum North Ierracc Adelalde South Aust:ahd Aus-

tralia” N - a R

Reb\ar(.h and Devdopment Authonty Ben Gurlon Umversny of the Neeev P O B. 1025
Bcc;—Sheva Israel (M. Fortl) u

Walte lnstrtute of AgrlcwﬁiResearch Adt:ldlde South Austraha (D Symon} [no seed]

¥

E
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Saltbushes of the genus Atrzplex* grow throughout the- world They are
‘highly salt tolerant, and many, are pe'renmal shruBs that remain green all year.
‘They make useful f forage in atid zones of the world. For example, Atrzplex
‘nummularia “arows well in- ‘deep soil ~with only 150-200 mm annual rainfall.
. They resist temperatures as'low as-19° to - 12 C,-withstand heavﬂy textured
* soils, and tolerate’ sallmty in soil or-water. L e

~ Research mdrcates “that the. rutritive value of Atnplex nummularza and
Atrzplex halimus is high: both have a d1gest1ble protein content averaging 12
percent of the dry-matter (about the same as that of alfalfa). With only. 200
-mm of rainfall these two spec1es have produced 1,000-1,500 feed umts»per :
ha which is about 8 to 10 times more than a good,hative pasture produces
under the same conditions.{ They have survrved (but w1thout reproducmg) a .
12-month penod with only 50 mm rainfall. i

*Atriplex spp. Commonly known as saltbushes Family: Chenopodxaceae o 'ﬁ“ NS
tMalet, 1969, Ziani, 1969. See Selected Readmgs ‘

- tFranclet and: Le,hHouerou 1971. Svee Selected Readmgs’.

-

1]




A plantatlon ofAmplex spéues estabhshed near Beer—Slmva, Israe] to provxde forage” for\
livestock.” Rainfall hiete is about 200 mm.annually At the left is Amplex nummularia; in
the center (heavy w;th fru1t),’Atnplex canesc;ens Atnplexes gan make areas productwen

that are otherwise ‘useless and salt devastated note the barrenness of the surroundmg
landscape (M Fortl) e Lo o e

v : ) v ' b

Awa551 ram- lamp grazing Atriplex canescgnsﬁmg the\hglght of summer._ ThlS spec1es
“has proved to ‘qe one of the»mcst pa&latable m trials in Israel (M\Fortl)
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Atnplex‘ nummulamhalthou@r not conmdered a««troprcal plant reaches
) into some tropical areas of Austraha Because of its. rmportanCe asa forage
plant for arid and semiarid afeas, it should be among the first "to® be
: mtroduced into reglons with similar climate. It is one of the most palatable of
. the atriplexes and is highly drought resmtant It has- been introduced .into
lsrael South and N orth Africa, and into several Sout?l American coyntries for

testing as a forage plant; yields in Istdel have be’en high. .- -
-+ ‘Atriplex canescens arid Atriplex canestens ssp linearis are: North Amerrcan
| species that grow ih semiarid- areas where spring and fall rainfall pdtterns are.
typical. These plants-have as hrgh a niifritive value as }itrzplex nummularz/z.
Palatabﬂlty is smnlar to Aex nummularza they are. eaten by sheep and -

= . .

R RS .

Atnplexes will grow in: sahne sorls because they have-a mechamsm fe ‘Kb{(cretmg,
the salt that their roots dbsorb. Hairs on. the leaf surfaees swell (as shown here) and

E * accumulate salt; eventually they burst, scattenng the’ salt over the outside surface of
- the leaf {Jd.R. Goodm) oo e




cattle In [srael /shcep prefer them pr the dry season. IrL agnrxed system of B
shrubs and natig faninual vegetatlon these and.ather” newly mtreduced sp,emes R
have ‘sustained sheep at the raté of 3 sheep per ha’ in ‘an. area of ! 250 mm
A annual (wmter \ramfall e - -
" In Israel and North Afnca Atrzplex hahmus a Medlterranean speeres has
proved more ardy sthan -€ther the canescens -or thelnummularia; however, it
isless p 3} atable It will grow in shallow sorl and on slopes where the others
‘cannot sif l_VC Sheep,, and c,attle show a preference- for it during the
.. rainy wint ‘'season and in early sprr,ng Tt does well with a ramfall of 200 mm
~ine wrnter but should be planted or rotated with specres more palatable in the
© . dry summer and fall. [ _ A Y
,‘l q R Atrrple\(es are salt golerant "Laboratory experunents have demonstrated S B
¢ =" that Atnplex halimus, for instance, will grow adequately when frrigated with
saline (nutritive)- solutlon containing ‘as much as 30,000 mglhter of sodrum ‘
A chlor1de *.They excrete/ salt by forrrung smal salt-filled bubbles (vesicles). om ..
Ao the leaf surfaces: When futl th,e vesicles burst releasmg the salt to the wrnd T
Atrzplex cuItrvatron is’ srr‘hple« Seedhngs or cuttings dre grOWn in a,nursery
. for 3-4 ‘months’ and“ then, planted in the fields (1 m by 5°'m apart) early in
sprmg, preferably after rain, Noqnal}y atrrplexes may be grazed when theya. )
~ are 1.5 m high, which is often in the second or third year. Native stands of ’
- Amplex halimus yield about'the same amount of browse and wood o
-Atriplex is now cultrvated‘ in Tunisia asa fodder cgop and several hundred’- .
adetlonal hectares are plante,d\ every year. = . pe g
~ Although only four speciel are mentioned here, other Atrzplex 8pecres
R should be considered by researchers testmg the use of atrrplexes for arrd zone
fodder., . . ; t~ : ;
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LIMITA’HONS AND SPEGIAL REQUIREMENTS -

- Some schentlsts have qUestloned the\\palatabﬂlty of Atrlplex specres However °,

- numerous experiments argd the experrence of farmers show that Atriplex is -,
+ accepted by livestock during the summer and fall (wmter and eatly spring in. " *
- western United States- rangeland’s) when there is no green feed on the ranges. '

Undeér saline conditions -the leaves may have surface” deposits of salgthat
‘may limit intake by livestock, especrally when. drmkmg water also has"h high

‘ salt content- of is in shart. supply. Low levels of oxalate have beg jffound in

‘ Atrzplex but they are well below: harmful amounts. *_*%
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T ¥Zid, 1970 See Selected Readmgs For dlscuSsron of the’ nnportance ok, salt-tolerant
" plants to the development of arid lands see Moré Water for flnd Lands BWTID
Report Number 14. Avarlable without charge as noted on page 187r o .
\.‘,e)' : oo .
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~ The Pldflts must first be n\u.rsery grown whrch is a hmrtatron because it
: mcreases mvestment costs - \. ; - ‘».

‘In many argas. Atnplex specres attract rodents and other wﬂd anrrnals
Wthh consume’ ‘the seedhngs berfore they have a chance to grow. .. )
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There is urgent néed for large-scﬁe ﬁer trrals wrth atrrplexes Managernent
procedures -which £ould prove of .vital nnportance’ have not, been sinvesti-
- -gafed. Improved methods for SO 1ng seeds drrectly in the freld need to be
develc)ped 7. N : . '
S Drfferences" in salt resrstance d&ought resrstance ‘salt content, leafrnessf’
d palatabr]rty have. been obsewqd wrthm populatrons of several species.
e(re arwide” research field is ‘open in plant genetrcs physrology,
ecbphysrology, and nutrition. .
vt i, Selectron and breeding could greaﬁy 1rnprov'e yrelds raise prqtem content
ahd reduee toxrc substances. Genetlcl\sts shogld aim at selecting varretres that
are. shaped to make edible parts more; avarlable ‘to” sheep and cattle Varieties -
that tolerate defohatron Well and that have a V1gorous pattern of* regrowthe.
- after browsmg are also needed P

5

Selected Readmgs

.

Bonsma “H. C ancf G. SE‘Ma&e, 1972 Cactusqnd Oldman Saltbush as Feed for Sheep ’
ljepa.rtment of Agnculture and Forestry Bqlletrn No. 236. The. Govemment Pnnter

Preforia, South Africa.” - : } .

~ Forti; M. 1971, Introductron of Fodder S ru,bs and Thelr Evaluanon for Use m-m
Semz-Arrd Areas of the- North Westem egev Negev Instltute for Arid Zone,
.‘Research, Beer—Sheva Israel.

K Franclet A, and'H ‘N.Le Houerou 1971 Les tnplex en Tunisie et en Afrzque du-Nord i
(Enghsh and- French editions) Instrtute de, borsement Tunisie, FAO, Rome. =
Imperral Agrrcultural Bureaux 1947 The Use and stuse of Shrubs and Trees as Fodder.

* Joint Publication No. 10. Imperial Bureau of Pastures and- Freld Crops Aberystwyth

o /Imperral Forestry Bureau, Oxford Impenal Bureau of Ammal Nutntron, Aberdeen.

Jones, R, M.-et al. (Ed) 1970 The Bzolog;y ofAmplex Studies of the Australian Arid .

] Zone. Commonwealth Screnhi'i,c and IndUStna.l Orgamzahtm, Dmsron of Plant .

- Industry, Canberra, Austraha_

" Lachover, D., and N Tadmore 1965 Etude quahtatrve de l’Atrszex haltmus comme
plante fourragere poussant dans Tes condltrons\seml—andes dIsrael L’Agronomle
Tropical.20:3, 13, Paris. -~ - /. ’ ’ Rt '

L le Houérou H. N: 1974 The Useful Shrubs of the Medlterranean Basm and the And
- _zcaI Belt. South af the Sahara Pla.nt Divisjon, FAO Rome ' e
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I Houérou, H. N n1970 .North Afnca Past Present, Future. In Arzd Lands in

" Transition, Ed., Hdrold E. Dregne. pp. 227-18. Amencan Assocrat\on fOr the
“ Advancement of Science, ashlngton D.C. : o N

. Malet, P. H. 1969. Premiers Resultats diun Essai d Aﬁrplex—nummulana sur sol Argrlleux
non Salé- et sous Pluviosité Naturelle ' Hendi Zitoun dans’ la- Plame de’ Kairouan.
Document Techmcal 133, Centre de Recherche de Genie Rural, Tunis, . Tunisia. .

* Pluminer, A. P., S. B. Monsen andD R. Chnstensen 1966. Fourwing Sa ush d'Shrub
for Future Gamne Ranges Utah State Department of Fish and Gamé. Pubhcauon
664, Salt Lake City, Utah USA.

. Rodin; L., B. Vmogradov H. Kalemov, Yu. Mrrochmtchenko, N: Pelt ‘and’ Ve

o Botschantzev. 1970?‘ Etude Géobotanique des Paturages du- Secteur- Ouest du D’e-
partement de Médea (Algene} Inst. Bot. Leningrad. ' ’

* Sarson,” M. 1970. Resultats d’un Essai sur.I'Alimentation du Mouz‘on en Perzode de
- Disette Fourmgere au Centre. d Ousseltw Techmcal Ngte 6. FAO FSNU/Tun 17
* Tunis, Tunisia." ¥

=~ Utah State University. 1972, Wzldland ShruB”s-Therr Btology and Utrllzatron Umted
States Department - of Agnculture Forest Service General Teehnical Report INT-1.
Intermountain Forest and Range Experiment Station, Ogden; tah USA. .

‘Wilson, A. D. 1964. The Soglum Intake of Sheep Fed with Atnplex sp. and!(ochra sp.

-Commonwealth Scientific and' Industnal Orgamzatron,, Drvrsron of Plant Industry,

N , K

\\r Melbourne, Australiaz =" - 4 -

’ Wilson A. D. 1966. The value of Amplex (salfbush) and Kochm (bluebush) specres as N
*food for sheep. Australian Journal of Agricultiiral Research. 17: 147-53.

Z]anl P, 1969. Exploztatwn des forrhatzons naturelles d'Atnplexhahmus Commission
pour. I'Ftude des Atriplex.” Docufneiit No. 13, Instltute Natlonal de Recherche
Forestiére de Tunisigh Tums Tunisia. ’

Zld .E. 1970. rInﬂuence du-. Chloryre de' Sodium sur Ia C'rozssance et la Numnon

Minerale. d’ Atrlplex halimus® vars hahmus Centrc de Recherche du Problem Zone
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CSIRO Drvrslon of Land ReSQurces Management Prrvate Bag, P 0. Wembiey,Westemr

© . “Australia 6014, Austraha\ : B

Department of Agriculture, Sorls Dlgslon Jarrah Road, S‘outh Perth Western Austraha_ :
* 6151, Australia (C. V. Malcolm) Ui .

Department of Brologrcal Sclences Texas Tech Umverslty Lubbock Texas 79409 . USA
-{.R. Goodln and'D. K. Northmgton) g ‘

Department of Enviranmental . Sciences and Plant Produbtron Coordmator of the Sahel ;
~Program, ILGA, P.O. Box GOJamako 7'Mall (H. N. Le' Houer‘ou) ,

Great, Basin Expenmental Area PO Box@ 04 Ephr;arm ‘Utah' 84627 USA (A P

. Plummer)

Range Science Department Utah: State Umversrty,fLogan, Utah -84321, USA (C M

. McKell)

. Besearch and Devclopment Authorrty, Ben Gurt@n Unwﬂersrty, P. O B. 1025 BerI\Sheva

: Israelr(M Fort)) , ‘ " e o N
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The tamarugo* grows in the forb1dd1ng At‘a\)cama Desert of northern Chﬂe -
~where a salt crust several feet thick covers the soil. Few-useful plants can -
© survive the extreme oondltlons of tamarugo S, natrve habitat. In salt,
de.vastated 1eglons of suitable: chmate,, tamarugo, an.evergreen plant, could
“become.a yea1 -round fodder supply Its pods, leaves, and se\ds are nutritious *
and palat; and it is used'as fodder for sheep and goats.. D .
S The ta arugo is a- sparsely branch_mg, leguminoys tree averagmg ?0-25
" feet in he1ght Chile’s nitrate industry used tamarugo-timber extensrvely for :
“fuel and construction in Yhe .early 1900s. A 300-ha plantatlon was
. established - to ‘replace alrhost. extinct tamarugo woodlands. The first’
hvestock experlments were conducted in 1962. As a result, a 40 ,000-ha :
tamarugo progec&ms now under way, 25 000 h@ctares have, already been~
planted Lo . v
To plant tamarugo holes are cut through the salt crust. The seedhng s+
_planted we]l below ther»surface So it w11] reach the water table Th]S de‘ep :

»\

q

shown a 95~p=ercent survrval rate w1th ]ust«a s1ngle 1rr1gat10n at transplantmg

- The 10-013 seedlings giow to 75 cm in theu;d& first” year; within 5 years they
“emare strang enough to withstand grazmg at-arate equ1valent to 1 ewe per ha.

(Af'ter 75 years th sheep and goats are’ “stocked at, a rate of 10—20 animals’

- per: ‘ha—the maxrmum that'*‘one hectare can sug,tam )The trees are- planted at- -

100—1 20 per ha. - ‘r ‘ e : N _ ‘
“Rain i§'secarce in| the reglon (sometrmes absent for as 10ng as 7 years), but -
the trees receive mo1sture cfrom E foggy dnzzle and from the shghﬂy

3 _",rld The sheep thr1Ve provmg the palatabrhty and nutntlonal value of
i tamarugo as forage\Smce 1968 over; 5 OOO sheep, have been maintained. .on
tamarugo plantatlons Angor '.g'oats and Karakul, Megino, Romney, and .
En sh Suffolk sheep' ateeused for §1ther woolwpreductlon or meat. Meat :

&

o

- *Prosopis: famarugo Phil. Family:: Legunitnosae."
. % - . . k3 § - .




‘ ‘:Tanparug'q,‘s high—prote_in pods und leaves;” (M. § QUi o

LIMITATIGNS AND SPEEIAL REQUIREMENTS

3

Because ‘little is- known of Lhe envuoﬁmental consequences of mtroducmg ' -
_ tamarugo to new regiohs, cate should be ‘taken that it ‘does not “become - ‘
.pest. in extreme cond1t1ons similar to those in the Atacama Desert, it shouid E
be safe, but'its aggressiveness in mors hospltable regions is unknown
thtte is known of the ecpnomlcs of its plantanon anduse: . - , :
Trds posmble that the high pro‘teln tamarugo diet may. resultin decreased Tl
fertility; rams should not be held permanently on, the tamarugo plantations. -
Ammals feeding on tamarugo requue supplementaryo I‘athQS of cobalt iron,
magnes1um, and vitamin A.’ . ‘ '
. Since tamarugo is the ;only plant that does " well in.. such harsh
envuonments a monoculturé has been estabhshed If disease’ or pests - ¢
‘develop there ‘will be few, if any, alternatlve sources of fodder for the. '
- liyestock. “Economic d1saster might result. . o v R
-'A thorough pollination 1§ essential because up. fo 70 percent of the frult ' <
can be lost to -insect pests Throughout tamarugo plantatlons in: Chde B
seedlings of the related algarrobo (Prosopis « chzlenszs ‘Stuntz) are occasmﬂally o
introduced. The .plants are not palatable to. the sheep, but their earlier
“flowering provides food for the wild bees that polhnate ‘the tamarugos. , .
F amarugo pods neede exte,nsxve leachmg before they can be eaten by humans. U -

=
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430 -+, .7+ 7 " UNDEREXPLOITED TROPICAL PLANTS

Sheep bemg fed\among the tamarugo trees in Chile’s Pampa del Tamarugal ~Thisis’ one

: of the most salt- devastated areas m the ‘world* and rain is often absert4or years on end..
Nevertheless sheep. are raised - -on tamm;ugo at° stocking rates approachmg those
obtainable on good pastures in temperate Lountnes (M Sarquts) !

] B - L L . -

RESEARCHNEEDS P T D

Prlot trrals to Taise tamarugo in Central Amerrca northeast Br;azﬂ the
. "Middle East, and arid regions in Afrlca are recommended .

_— The%amarugo is outstandmg in its ab111ty to tesist sahn;ty stress It coul
“serve as’an- expenmehtal plan;t for’ mvestigatmg the physrology -of salt»
resrs.tance, SucH experlmentatron cbuld also lead to means for rarsmg
tamarugo s productivity. .. P

Tlectmn and breedmg methods to ‘develop strams wrth higher yrelds of
pods are badly needed;as;yet no such research has been attempted. -

Other salt-resrstant‘ species miust - be foun(d to mterglant with- tamarugo A
“The economy of a’ planiatron wrll then.not be so dependent on the fge of a”
smgle specres B B R | o .

2

K . ‘ I . B a

Selected Readmgs S .
Elgueta Sahnas, H., and S Calderon Sanch_ezi 1971 Estudro del tamarugo cgmo
~. productor de altmento del ganado “lanar en la Pampg del Tamarugal A study of -
“tamagugo, as producer of forage for sheep in the Pampa del Tamarugal) Informe
Tecnologwo 38 1- 36 Instituto Forestal Sgntlago, Chile.

Ktrby, 1. M 1972 Ch]le S tamarugo project. World C)‘ops. 24 296 8
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- Programa Coopernuvo FAO/BID 1 70. ]nforme Sobre el Proy‘ cto de Plantaczones de
: Tamarugo Ve explotamon ganade}a en el Norte Grande Chile. nforme Numiero 1/70
. Ch. 1 b Wash.uigton D C. 262 pP-. Avaxlable from FAO Reg1 nal. Ofﬁce Sanuago
Chﬂe . ? I /

tamarugo thl) Boletm T cmco #30 Umvermdad de Chile,
(szulab]e from authm', Es{cuela dk. Agronomm, De,partamento B tamco Campus

» Tcrnando Ebmebd Brown "orge 1371K Santmgo Chﬂe

Lscuela d¢ Agronemla D partdmento Botamco Gampus Antumapu Sdnuag(
Sudzuki) 3 /

IAO Reglonletflcc Cﬂ lla 10095 Santiago,:Chile (M. A. Habxt)

Mano SAIQUIb, Lsabel la Catohca 4827 (Los Condes), Santlago Chile \

Research and Development /ﬁ/uthonty, Bén-Gurion Umversxty of the Negev P.O. }0’)5

Beer-Sheva, Israel (J Schechter M. Fortl) ' - ,
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The buntr palm which grows by the millions throughout thL AmaLon basmq

Venczuela and the Guianas, has a remarkable rahge of uses. 1t is known as '

" “the, tree of life because some Indran tribes depend on it for all aspects; ot their
livelihood—food, drink, shelter, and clothmg - <

It may well be the most plentrfu] palm in Sodth Amerrca yet only minor
- attempts ‘have Jbeerl made at commercrahzatton . Potential products from
bunLr include oil dnd starch tor food; wine; trmber cork;and industrial fiber

for twine, sackrng, net§, .and hammocks. Feasrbrhty studres of bu.rrtr"l

productrbn' and cxplortad’.ron are Jecommended to. researchers pr wate
investors; and government agencies. - 3 o

Burit{ palms grow mostly at low altitudes ut groves near swamps and .
springs in damp soils that are useless for agrrculture Therr presence otten
indicates the existence of ~water in dry country e

The burrtl have leaves 3m Lt)ng and reach heights of 25 . The green,
scaly. frurl is roundrsh (about the size of°an egg) an “BrOWS in bunches. After
’ scrapmg, the frurt 1s 'soaked to ‘soften the scales that cover the thin pulp It
has a pleasantly sweet tangy taste and,is reported tolrave as much vitamin C
k a§ citrus fruit. iThe fruit could be canned or” candre and would probably
= en]oy wide . drstrrbutrons The fruit pulp cOntains 8- 9 pércent edible oil, which

* contdins 300 mg of beta- carotene per 00 g This 0il i§ said to produce’more

vitamin A than any other oil (and even_miore vrtam' A than carrots and
spmach) | - 'a‘ ' ”-’

the Afrrcan oxl palm kerrtels BN / x e e
Its shoots can be harvested f\r hearts pf palm (see pagc;) A sago-

hke starch, roasted by Amazon mdlansft‘o make a bread is obtamed from

the pith Of - ifs trumnk. (burltr c,eurcr‘”ﬁ’i“

' *Maurztza ﬂexuasa L. Also known.- fs ‘Mauritia- mejem Mart miriti, murit{, moriche,

‘+ - muriche; ité, aet{, aguaje (Peru)-Fa amily: Palmae L ; v .
v . i 5 D o - LY g ~ . N
r Ry :
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Wmesr are often rnade by the: Indla\ns fr m the fruit and frorn the sweet sap of
‘o the trunk and.unopened flower cluster ¢ ﬂore ence). :

‘The hard outer part: of the trunk y lelds light (but tough) burit{ wood,

‘ whrch is used locally, much i the manner of balsa 'wood, to make rafts and
k ﬂoats A “cork-likes material ob’tamed from the leaf stalk (petioles) has been .
used in the manufacture of sandals: and fot, bottle- top linings. =~ - N

/ Strrpped from the, outer skin of youn' leaves is a.thread-lik¢ fber that
makes a strong twine.’ Though not fully-teSted, the fiber’s wide use in Indian -
ﬁshmg nets¥ hammocks mats hats, and }askets mdrcates that it d,gserves : .
further research £ ' :

vy

LIMITATIONS AND SPECIAL REQ\UIREMENTS v

3 .o 2 & .
"Th\\burm palm has seldorn been grown outsrde 1ts! natjve,_ habrtat Th’us -
nothmg is known of- agronormc restrictions that will limit- its use _elsewhere.

eXample its soil requrrements and environmerital tolérances are un-.
known It may be limited to swampy locations, but it seehs likely that 1f
amﬁeraily—the buﬂtr—ean»be grewrr tovmatnrrty in—
drrer chmates\ i T

o
a5/
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v 33 - .
Blocks olf paste made Of the fruits of the/Burit{ palm cooked with- sugar, here bcmg sold

Uy strLet Venaors 1n Lluﬂaa bOllVaI Venq‘zuela (J Morton) : . -
. ;/ o : / . m . > ‘/ 3 Y
REgEARCH NEEDS s SR :\\ Cong e 7

\«

The aéronormc req\@ements to /produce burit{ in pl'\ntatlous e v1rtua11y ‘
unknown. Thereforeﬁﬂ factors affectmg the fe351bmt§\of cultivation and
harves’tlng should be exﬁlared before it can be mass cultwated outslde its
mativel Sofith Amerlcan- smL The economic a§pects of \harvestmg and
kprocessmg the wﬂd stands also require extensive study o X we

» Mdny opportunities exist for research” and testing of buriti pruducts 1
food fiber,: sl timber industries.. Testmg should mvolve methods for
obtalmng the raw products as. well ag thelr formulatlon and fabncatton into -
marketable 1tems Obv1ously, thlS work® wil} have to be done in the northern
South American countries whege,the plant is now available i in quantity,

* Many of the points made ‘
n_glected troglcal palrns Oth

“about. buriti alsmapply to some other

‘.orthy of research are. Arengh pinnata and

Nypa spp. that are” natwe :
grows in drier soils than Jburit{ #nd‘it may prove superior to bur1t1 in reglons
where the waterlogged SOllS are taken up with ra,ce cultlvatlon

S ’ J - . e ‘.(.y:f’-’ e R \j' e N,
q .ﬂb : C LI R ) N
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L CALATHEALUTEA

3 ,« : : r

Calarheﬁ\lutea* isa tall 1arge-leaf¢d heib tha‘t grows in semrmundated or
I . upland areas an& along river banks.in Squth and Central America. The coatmg
‘ ‘an its leaves is/a potent1al source of commerc1al wax that is, similar to, and:
can be used forl the same purposes/as camauba the best ‘wax known Extract-

>

, ’
i : y
‘ ®

*Calathea lutea J(Aublet) Schultes .'}/Iso knbwn as cauassu, casupo hOJa blanca and
bljﬂO . Family: Marantaceae L e '
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/ 4ng wax from Calathea ‘lutea could. be developed into a productlve cottage.
industry, particularly suited to isolated: reglons ‘Because, the chemical struc-
‘ture of such fine waxes is diffichilt to synthesme mdustrlally, natural products
have arl eédge over synthetle Furthermore \ carnauba wax s in great de-
“mand,’ and its price,is rising because of the ex;&ense and. dlfﬁculiy of obtc/un

_ ingit’ from the Brazrllan alm Copermém cerifera. . - \ L

- Calathea lutea grows natUrally in dense stand &10ng Amazon River banks
,dtis readrly accessfole/and its harvesfed leaves can'be easily transported l}ut it
is also a potentra }rew plantatron crop for regions utside it§ native habrtat It
should be test planted along river baks elsewher in the wet tropics (uzrsuch -
" placés' as Southeast Asia, Pépua New € umea Centrhl and West Africa, and\the
Guranas) especrally in newly logged or semi-inundated areas. ThlS specres s

- : one ~o‘f theflrst secondary-growthﬁtpecles to. colonirz_e newly dlstdrbed areas

b
!

' u: ’ «' ’ 7" d ‘j - @; Lo ; ‘ " ’ ‘\ 3 . "‘y; ,;,"
;See also- Candehlla page 141 and’ }OJoba page 105. . \ ST :
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_The wax, (kn. cauassi Wax) pCeurs as a thm layer on the undersrde of .

the leaf. The réptdly- growmg leaves mature ia 9 mopths and have an average .
yreld of 0. 7 g wax. *,Thls wax can be removed easny, wrmout macmnery, DUL -;
f,extractron ‘ . T Lo N
Calathea lutea is easily propagated from seed or frorn preees of rh;rzome by
srmply pushmg- thep -inifo the sorl or mud and leavrng ther;n to, sprout. A
many as 75,000 plants can grow ‘on -one hectare.-One harvegst is possible the
first year; thereafter two harvests per year result in an- annual yield of 800 kg
" of crude wax pér.ha. S . e

. . e N : ST
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LIMITATIONS AND. SPECIAL REQU}REMENTS RUCER

G

The ma]or prob‘l/em is the drffrculty of extractmg the wax frorn the leaves.

v o % ;s o
/ g o :
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Chemlsts and engm\eers are needed to develo Tore effrcrent techmques for
separatmg the wax from the leaf. After the Ca thed. lutea leaves are dried, the ’
" wax often flakes off easrly, whlch may - bepome an_ unportant processmg

j

. consrderatron - 4 VI Y 3 Lo
. Fhere Seems fo* be'an nnmedrate market or -cauassu wax. In- the Amazon L
regions, where the plant now grows.in dense st stands small industfies could be

~set up immediately, ‘perhaps in the communltles developmg along the

’ Trans-Amazon Highway. /- = @ - o
k ““The entire Marantaqeae famtly should be exarmned for specres W1th hlgher o
wax yrelﬂs than Calathea lutea.:” " g : '

o Oiher Waxy specres’l of Mararrtaceae that deserv& partrcular attentron are
Ay SChnr?szphon leucophaeus (P & E)) Koern and Monotagma rhodantha
’ "Magutre & Wurdack. owever “these are more restrrcted in distribution thart .
) Calathea lutea; they iﬂ'e smaller’ plan Sy and ‘ot so good at colomzmg new
~argas. Thus, for cultrv}mon they may requxre more attent1o:n
. A program is nee}led for- selectrng and breedrng natural strarns that have 'A
high wax yield. F y Lo
»A number of alathea spemes have edrble roots Some examples are
* Calathea allouia, Clathea- latzfolza and Calathea macrosepala Their potentiale
. to become 1mp tant food crops has not been systematxcally evaluated
”“Research could /prove rewaldmg . | '
, N _-'2 : - % . ! . .
j" *One member of the panel (Mors) has not been able to duphcate the yleld of 0 7.8 wax ' :
| froma leaf 20 X 50 cm thatj,s reported in the hterature * G M,t;i
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»Mors W. B, and C, T erzxm 1966 Useful Plants of Brazil. Holden Day, Inc., San
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CANDELILLA ERIA

" The'leafless stems of the North American desert shrub candelilla* exude a

* white ‘wax that has valuable industrial potential. Although wild stands are’ -

‘harvested occasronally, no effort has been made to develop candelilla into a
crop. Research could adapt the” plamt to cultivation, reduce. harvestlng costs,
- and improve ‘the wax-extractron,process With these 1mpr0v ménts candelilla
could becor;ne an unportant source for brlngrng f gn currency to arid
developmg natlons Je ¥ R
~Synthietic waxes (largely based on petroleum) have not replaced natural
.waxes in the marketplace. A continuing market for natural waxes is foreseen,
‘especral]y if production could be modernized. The cand&{\rl]a plant appears
adaptable to mechanized cult1vat10n Modern extraction.-m tHods can_ be
‘_used resulting-ih a cheaper and ‘superior wax. ’Ehe productroe\o
- wax, candelilla’s major competitor; requires’ much hand labor and cannot be
chaftized. As labor ‘costs increase, and carnauba, becomersxrqe
Zeandelilla wax might replace carnauba i
_ pe1ﬂla ‘wax is an’ amorphous solid, yellowish brown in color, that is
o :_,iused as a substitute for beeswax and carnauba ‘When refined, it is used as a

hardener for soff waxes (e g paraffm wax) mea%l:)(s pohshes chewing gum,
€s, paper srzmg, dental .

leather ~goods, varnishes-and- lacquers sealm
meolds, and electrical msulatrng matenals. L
Abundant in deserts from:the Big Bend area of Texas and southerm New

Mexico to ‘the Coahuilan desert in Mexrco ~candelilla reqwres only 100-500 - |

7 mm of annual rainfail. It grovvs best on rocky, sandy slopes, in soil that is well

drained and’ poor in humus. The waxy; ‘coat on stems and leaves is reported to:. -

t)

"be thicker in drier months and drier areas. Candelilla makes good. forage for
goats and rabbits and: does not seem highly susceptrble to diseases or pests

The plants can be easﬂy propagated from cuttings or from divisions placed i in
' .m01st -sand. They requrre from 2-5 years to produce wax in quantrtres )

sufficient forc’commercral use. Qandehlla wax can be produced year-round,
but most is now harvested "during the winter, when migrant workers are
available. rSometnnes planfs are harvested ‘and stacked for later wax
extractron - f\ LR : ’ ‘

- N The waxy cover separates when the leavtes and stems are bo11ed in water of

-\ the wax- may be extracted with- solvent. Only 2 percent of a plant’s weight is

removed as wax under pr1m1t1ve field condmons “but yaelds of 3—5 percent‘

v
A

*Euphorbra antzsyphzlztlca Zucc. [Euphorbla cerzfera Alcocer] Famlly Euphorbraceae
TFor. other competrtors dlscussed in thlS report, see Jojoba page 105 and Calathea lutea

T page 137. -2

-5 LT s

{carnauba ‘
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: The candehlla piant (W H Earle)

- have been achleved in laboratory tests The prumtlve methods now m use

' contaminate the wax with colored impurities. - : )
Candehlla wax s marketed in the Umted S‘tates at about $1 50 per kg In-
the past, the United States imported nearly 5 million kg per year ;almost half

. Was used in coatmgs and pohshes and one- thud for chewmg gum o

."“

LIMITATIONS AND SPECIAL REQUIREMENTS

Attempts to cultivate candelilla in Haiti, Cuba, the Dominican Republic,

other regions outside its native habitat have not been successful * B
Mechanized: harvesting of candehlla ma prove destructive to the plants
‘mowing off the shoots causes the plants to'bleed. Severe frosts wﬂl kﬂl the
* plant back to 1ts roots. \ : MR

Bigf
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.,mhab1tants of < rernote areas. The stems are’ gathered from native stands-
~scattered- over.a large area and are then transported by burros to processmg _

#

but its tackiness.is an asset in nonshp flooru waxes.

or reach 1ts potent1a1 as. a crop until it is domestlcated

Ay

Candehlla7 s zgid/ Ahabitat. Harvested plant%s& in ;backgro‘und. (W H Hodge) o

Candehlla wax conta1ns resm Resm is a d1sadvantage 1n some products

3

-The Mexican k(liovernment sub51dlzes the candehlla 1ndustry toﬂsupport‘

stations. The: pr1m1t1ve transportatron method and extraction process-make
the product expensive: and the subsrdy necessary. Candehlla will not expand

'S

-

w

RESEARCHNEEDS R

Agronomlc and engmeermg research is necessary before candeldla can be.

successfully - cultivated and processed Research and development programs

- should concentraté on: : . e

[y

Developing plantation technology and agronomy; SRR
Developing hrgher-yleldmgmarretres : . B Y
Improving harvest techniques; S S ‘

Improving the -extraction process to increase the quahty of the w
produced ' C , o " "

!
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" Extractmg“candehlla wax 1n northern Mecho (W H Hodge\)

4
s o . ) =
PP \ =

. Developlng new uses and markets for the wax; and e oy T
. Developrng new uses and rnarl(ets for the flbrous vegetszle resrdue from '
S the wax. extractron SR R o ot
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L . candelilla wax: In Industrial Raw Materzals .of Plant: Origin. -III. Georgia State
S Englneermg Experiment Station. Bulletm 15(12) Georgra Institute <of Trechnology,
‘ - Atlanta, Georgia. © T o
- Hodge ‘W."H., and “H." H. Smeath 1956 T.he Mexncan candehlla plant and 1ts wax “

Economrc Botany 10(2) 134 54.

PO Research Contacts and Germ Plasm Supply o B

o "Biblioteca Egrdlo G1 Rebohato Apdo Postal 342 Saltillo, Coahurla Mexrco (G Vﬂla-
S ‘ ‘heal H) - _ :

" R Drv1sron of Plant Stud1es Central Arrd Z‘one Research Instrtute Jodhpur 342 ‘003, Indla
= (R S. Paroda, Head) y
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- “percent oil. ‘It has been grown. for, food in India since-ancient t

5.8

or soybean harvester can be used PR - 2 -'\.

' 400—900 mm of rainfall. When morsture i§ short growth stops untrl mqrsture'

' »*Cyamopszs tetragonoloba (L) Taub Also kann as C. psomlzozdes DC cluster tlean
- Family:. Legummosae , LT . : . \ [
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!_GUAR S e
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‘ Guar* is a’ legummous herb resembling the. \soybean plantq to whrch 1t is’
~ related. With sufficient research support it could becomel a top-ranking
" agricultural ¢rop in thany troprcal and subtropical countries of the world.. ’

Its potentral lres in ‘the gum in its seeds. Guar gum- hasf 8 times the
thickening power of starch. It is usedsas a filter aid in the mining industry; as
‘a_thickener in cosmetics, hand lotions, and creams; and as, a\strengthenrng

~agent in paper. It is also used to thicken and stabilize saldd dressings, bakery ~*

products and lce cream ‘The dem.and for this valuable gum l‘n mdustry is .

Bt constantly increasing. o < P o

galactomannan polysaccharrde and has high vrscosrty at low'c ncentratrons; '
and over a wide range of acrdrtres Some 25,000 t5 aré"alr_e—atly produced
-annually in the Anited States but the demand exteeds the supply One half
. “goes to the paper mdustry one third to thé making of ice cream, desserts,

o “cheese preparatrons reconstttute,d tobacco cosme,trcs and pharfnaceutrcals
and the, rést to the ol mdustry where it is used to stabrllze drrllrng muds.

‘The. gum s extracted from the seeds endosperm It ISCX prrrnarrly a

Guar also holds great promise forl supplymg pr'otem required i m ‘the humnan: - o

diet. Guar seed: contams about 34 percent protein, 23 percent um, and 4
ustes Young -
pods are eaten like st’rmgbeans or they' may be drred salted, or frred in.oil.

The ¢ake that remains after removing the gum is also rich in protem both o

the seed: and cake contain a balance of amino- acrds that, complements the
¢~ amino acid deficiéncies in-corn proteing wheat protem and ricé protein..
Bread has been: enrrched wrth 8 perCent guar protein in experrrnent\s without

+adversely’ affectrﬂg ‘flavor: But, regrettably, guar, . protem is not tused for
" human consumptron Guar seedcake (mrxed Wlth the hulls) 1s used Only as

4 ‘-q,r

cattle feed. - e
The~plant grows best 10 sermarrd areas and to

ates moderate salrruty Itis’

g robust bushy, arid. “normally grows 1-2 m tall. The" crop maturgs within 35
~months after. plantmg On the main stem and branches it bears leathery pods it

contammg up to 10 seeds BRI B

‘An ‘annual crop, 1t is easrly planted cultrvated ‘and harvested by rtxrst"’u g

agrrcultural machmery Guar seeds do not shatter af ordmary grain ccbmbrnxr '
~The guar plant is. -drought tolerant performmg well in areas havmg

agambecomesavaﬂable, S 1 ol R ;_,"\e

-
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Guar grows well 1A a varlety of soﬂs and thrllves in alluv1§1 nd Sandy loam . -
‘with ‘well-drained ~subsoil.” Tt 7is grown on rotatlon for he benefit of "_ .
succeeding crops; it rotates well ‘with cotton, sorghum, corn nd vegetables
In some regions of the world guar {5, grazed usually after fr ost (to reduce -
‘ bloat problems), and makes good forage. Rain-fed guar ;11 yield from
- 18,000-24,000 kg of green fodder and 900, kg of seed per hy. Yields may
double w1th urlgatlon W1th seed yleld as hlgh as’l 900 kgfha. )

.\;,'f‘[ v

NN : " . A : o

Guar (U S Department of Agnculture)




Guar grown' between corn as a soﬂ-1mprovmg Crop. A mtrogen-ﬁxmg legume, guar
. provides the soil with nitrog epous materials similar to the main- ingredients in fertilizer;
i at the samg time, guar seeds can be harvcsted for the valuable gum they contain. (U: S.
Department of Agriculture)

b (%uar pods and seeds.

(R. Whistler)
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. Te UNDE-RE}\(\PLO'ITED“TRO'PlC‘AL PLANTS

At present it is grown marnly in Paklstén India, and the. Unrted tStates

" with some productlon in: Ausfralia, Brdz‘ﬂ and South Africa. Cur-rent pries

range from $1.15 to $1. 50 per kg ofgum and‘approxnnately $2.50 per kg for
edible grades e : e

8- 1 K
) i v 5
s . . - c . [3

-, LIMITATIONS"AND;SPECIAL REQUIRE;MENTS

S .

Mgture guar seeds contaln antltrypsm and hemolyt1c factors (_]ust as soybeans
. do) that 1 may adversely affect dlgestlon and health. _
Weeds can have 4 deleterrous effect on guar seed yields, especrally in fields

] irifested with Johnsen. grass.. Edrly preparation’ of the field and mechanical
;. cultivation dur1ng the growing perrod are necessary. Guar is frost sensitive arid

susceptible to viral, fungal, and bacterial diseases, but is not affected by
nematodes Guar buds_are attacked by midges, which often reduce yield.
~The ‘plant hias -photoperiod restrlcuons and may.not grow well af’ all
latrtudes ‘but presumably - (as with soybeans) thrs can’ be overcome- by g
selectmg appropriate Varieties. : . : ‘
After pods mature, rain causes guar seed to blacken adversely affectmg ‘
‘gurn quality. In areas ‘With high rainfall and hurmdlty guar is best grown asa [
soﬂ-nnprovement crop father than for its seeds. o ’
Unless diluted, guar products may not become wrdespread food ‘in-
. gredients because the flour hasan unusual flavor. Heat treatment will remove
it, but thrs adds an often unacceptab.le 1nconvemence L ‘ ;o

Y

1 . : el e . -
P : - -y L

RESEARCHNEEDS R e

Relatlvely httle genetrc selectlon hasyet becn done The dlff1culty of makmg
~ hybrids by hand emasculatron makes it unperatwe that techmques for makmg

- controlled crossbreedmg be developed before any guar varietal improvemert

program car . proceed Great: potential - exists for unprovmg yield” and for
adaptmg the plant to.a broader range of climates. -

‘Research_is _needed-to.- test.- the: plant S suscepubﬂrty to_insects, viruses,
Ceczdomyza mrdges, ba.cterlal bhght and Altemarla fung1 and to select

. .resistant strains, t , N

¥

- Human antmutntlon factors present mﬂthe beans need study If it is
demonstrated that they adversely affect guar protein ‘utilization, methods to
remove them wdl have to be developed methods developed for removmg o

should be grven to sunple processmg tec

develqpm‘g countries.” . 7 7 - Ll et

. An nnportant .research ggal i ge«netdc selectlon afd nnprovement of- rapldly
‘ matunng vane’ues—essentlal for dry land farrmng and multiple CIOpplng

~ ;) .
% : b . i
TS .
= - L . ~
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Allen, G. H. 1964 Guar shows promrsc Queensland Agrtcultu.re Jourmzl 90(4)v2"4 7.
Hodges, R. 3. et ul."1970. Keys to profitable guar productlon Fact Sheet, 1-907:1-4.
- Texis A & M University, Aﬂrrcultural Extension Service, College Station, Texas.
Hynrn\\1t7 T., and R. S. Matfock. 1964. Guar: Seed, plant and populatron studies.-Okla-
" homa. Agricultural Experimental. Station Technicat Bulletm 108 135 Stillwater,
Lo leahoma USA. S
"Oke, 0. L. 1967: Nitrogen lrxrng capacrty of guar bean.’ Tropzcal Sc:ence 9(3):144-7,

Paroda R. 8., and §. K. Arora, eds, 1978. Guar (Cyamopsis tetragonoloba L. Taub) o

Indl'm Society of FForage Research, Department of Forage Research Haryana Agrr-

T eulturaf’Unwnersrty, Hissar 125 004, Haryana, India., :

~“Poats, F.'J."1960. Guar, a summer row crop tor the SOUthWEbt Economzc Botany.. 14(3):
1241-6. . N

Whlqtler R., and T. Hymowrtz (in press) Guar Agronomy, Producnon Industrzal Use
and Nunztzon Purdue University Press; West Latayette Indran-a USA.

a ~

Research Contacts and Germ Plasm Supply

) . : , e t

Aorrcultural Reaearch C‘enter Plant Introduct;on Oftrce U.S. Department of Agrigul-

-ture, Beltsville; Maryland 20705, USA (G. A. Whrte)
Aeru.ultural Research Service, U. S. Department of” Agrrculture Texas A & M Research
- and Extension Center, Verrion Texas 76384 USA’ (R. E. Stafford)

Department of Agronomy, Oklahoma State Umversrty, Stlllwater Oklahoma 74074 ’

~USA (I. KirbyJ M
' Department of Agronomy, Unrversrty of Ilhnors Urbana lllmors 61801 USA (T. =~
. “Hymowitz) RPN A g
Department of Blochemrstry, Purdue Umver51ty, Lafayette ‘Indiand 47907 USA (R )
» Whistler)
‘Division of Plant. Studies, Central Arrd“Zone‘*Researcthstrtute Jodhpur 342 003 India
(R S. Paroda,.Head) - :

“Guar Developinent, Celanese Polymer Specialties - Company, One Rtverfront Plaza,

[

Loursvﬂ.le l\entucky 40202, USA ad. D Holley, Manager)

-

' NatrortaI Bureau of Plant Genetic Resourqes L A R.L Campus New Delh1 110 012 Indla »

A(K L ;Mehra, Drrector)

i
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”GUAYULEf?s,;arﬂfv@a >*?*

; The guayule"“( shrub grows in desert regrons of north central Mexlco and the
e southwestern Umted States All parts of“the shrub contam a rubber that
- when purified, is v1rtually mdrstmgmshable from natural rubber from Hevea
~."trees. A potential source of rubber for arid lands, it gI'OWS m poor desert soils
“in -otherwise unused margmal areas.

"‘Parthemum argen tatum .Gray. Family: Composrtae - :
T TA detailed report on guayule and its modern promise is being prepared by the Natfonal
“Academy o“f Smences Copres may be obtamed from the address ltsted on page 188.

-
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. The posslbrlrty that this plant could become a soutce of natural rubber is

espec1ally nnportant at this time. Hevewrubber still supplies one-third of the

world’s market and is widely used’in such major products’as automobile tires:

‘ QThe rest of the rubber’ goods currently produced are made from synthetic

elastomers ‘These are superior to natural rubber for some uses, but inferior
for ‘many. A more .important drawback is that elastomers are based on

petroleum, an mcreasmgly costly ’ resource. This gives new impetus to =~ %
-attémpts to overcome the technical problems that SO far have made guayule

" only a minor rubber source.

~ the l1ghter rubber is floated away from the vegetable resrdue Yields of up to - =

At the turn of the century, German interests built several guayule rubber .
extraction plants in Mexico., Much research and devélopment on the plant was

‘ conducted in the United States during the early 1940s, and about 1.3 million

kg were produced during World War' II. High-yielding strains. and: unproved
methods for extracting the rubber were developed. But after the war when
rubber from Asian Hevea trees again became available, the methods already
deve10ped were not continued and the research was abandoned‘ )

~The rubber is contarned withm cells’ ﬁhroughout the entire. plant but the_

. roots and stems are partrcularly rich: To obtain the rubber, the whole plant is

. harvested It is. then slrced into small fragments, the tissues are macerated, and -

12 percent (dry werght) have. been, obtamed from wild plants and over 20

- percerit from improved varieties. Guayule can be harvested and processed

b2

with equipment (slightly modified) already developed for other crops. -
“Guayule shrubs may live for as long as SO years. They represent a lrvmg'

- stockpilé of rubber.

Y

Guayule is apomrctrc the flowers do. not requ1re pollrnatron to set seed.

_The varietal characteristics can be perpetuated through the seeds,’ ‘which
greatly simplifies rephcatmn: of varieties and facilitates plantation culture.

LIMITATIONS AND SPECIAL REQUIREMENTS

.In the 1940s and 19505 seeds ‘were. furnrshed to more than 30 countrres

- r(Spam and Turkey embarked on large- scale production programs) but there is -

“neither commercial productron nor use of the wild plant today..

. Because of inadequate processing technology, guayule rubber was of poot
qualrty before and during World War II Resrdual resin. unpurrtres posed the. -
major, drffrculty : SRR : !

A pllot*-plant operation to process natural stands'of guayule was recently - -
estabhshed in Memco Although last reports still. noted: sorne difficulty in -
~ producing a purel;

Lﬁrubber the .most recent results are encouragrng and

; commercral productrpn is expected wrthrn a few years : i




Four -year- old ‘guayule shrub ready for harvest As much as: 20 percent of the plant is
. rubber (U. S. Department of Agnculture) T

Y
=

RESEARCH NEEDS S

The agrrcultural research conducted durrng World War II on the domestrca—
tion of guayule needs to be reviewed. Field trrals should be renewed using
e hrgher yreldmg strains'that were developed . at that time.” -

" Research should emphasize extraction processes (such as solvent exirac-
tron) that” efficiently and economrcally remove resins and leave a pure latex.
Some extraction methods have been developed “but they must be fully:tested
before real progress can be made.

?

Seiected Readiries T e k

) dﬁ&anestwacron en Quimica Aphcada
' Common Nacronal de Lds Zonas Arldas 19’ ',«’Guavule Reencuentro en el Desierto
Centro de Investigacion en Quimica, Ap“h,, Aldama Orlentc No 371, Saltrllo
Coahuila, Mexico. - I

- | L E { :W




. 'Guayule under cultrvatlon Salmas Cahforma (grrca 1949) (U S. Department of Agrr- ‘ ¥
f o culture) o A , ) - o ~
. ) ; "lr g s -t e a
,,,,,,, .
. : . S - ' X . ¥ *
, , In'the early 'days of a ruajor research program to develop guayule, the U.S. Secretary of o A
L S ‘Commierce, Jesse :J ones, was presented (January 14< 1942) with the first automoblle tire '
: ' made entrrely of rubber from guayule (right). (Wlde World ”Photos) o T -
R B B 4 I _:q - - 4:
N ) ¥ ' y ‘ i
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McGinnics, W. G., and E. F. Haase. 1975. Guayule A- Rubber—Produ,bmg Shrub forAnd :
and Semiarid Regrons Arid Lands Resource Information Pa‘per No. 7. 267 pp. (Avail-
__able from Office of Ar1d Lahds Studles Umvcrslty of Ariz a, Tucson, Arlz_ona”
85719, USA.) S '
"McGinnies, W.G., and E. P Haase, eds 1975 An Intemanonal onferénce on the Uti--
lzzanon of Guayulf’ Office of Arid Lands Studles ‘University ¢t Arizona, Tucson. .
National Academy of Sciences. 1977./ Guayule An AlrernativejSource of Natural Rub-
. ber. National Academy of Sciences, Washington, D.C.. 80 pp. (Avarlable without .
- charge from the Commission on International Relations ( H215), National Academy ' .
of Sciences-National Research Councﬂ 2101 Constlmtlon Avenue, Washmgtou D.C. LT
-20418, USA.) .
. Taylor K. W. 1951, Guayule . An~American source of Rubber Economzc Botarzy S:
' 255- 273 . 2 - Lo, 8
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Research Contacts and Germ Plasm Supply ' R

i ': Centro de lnvesngacrqncs en Quumca Aphcada Aldama Ote No. 371 Salt1llo Coahurla =
' ‘Mexico (E Campos,Dlrector) , ~ ,

Dep'lrtment ‘of ‘Agronomy and Plant Genetlcs Umverslty of Anzona Tucson Arlzona

. 85721, USA (D. Rubis) N

a Frrestone Natural Rubberand Lat‘exCompany,Akrorn tho 44301, USA(E M. Glymph)
~The- Goodyear Tire and RubBer’ Company, Rubbcr Drvrsron. 1144 E. Market Street,

. Akron, Ohio 44316, USA (J: 4. Riedd) -

: -1Gray Herbarium, Harvard University, Cambrldge Massachusctts 02138, USA (R Rolhns) a ,

=~ . Los Angeles Arbdrctum, 301 AN. Baldwm Ave "Arcadia, Cahforma %}006 .USA (G P. L Coon

SRR Ha_nson) R . R

bR Offxce of Arid . Lands Studles 845 North Park Ave Tucson, Anzona 85719 USA K. ~ "

Foster) 'y o~

A Uruvcrsrdad Autonoma Agrarra Antomo Narro Saltrllo Coahrla Mexrco (J Angel de

Lk L A
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. PA’SPALUM VAGINATUM . -
Sﬂt grass * a salt- tolerant rhrzomatous grass is recommended for revegetatmg

T salt“fﬁcted areas; It is alsoa goo‘d‘sand binding- plantﬂ’[rwmgnrdry—sarray, :
beach soils, ‘with vigorous runners that assist in stablhzmg the soil. Silt grass is s
eSpec1a11~ sulted to soil subject to occasmnal inundatién by seawater or to ’
permanent brackish water seepage It will “grow w1th noq,sahne water .and

*Paspalum vagmatuRSwartz (Syn. P, dzsnchum L) Also known as seashore paspalum
sheathcd paspal\zm satwater couch etc Famr]y Grammeac : -

Lo oo \ . i )
I - . i T
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T Abnormally high fall tides- ﬂooded the water edge of ng s Bay golf course darly for one
month. Bermuda grass is dead’ and brown .Border of healthy green Paspalum vagmatum

stands out in contrast. (J. Morton) o : . o L

, . . |
w1th water up to a sahnlty of at least 10,000 ppm, 1t/ may tolerate hrgher
o - water salinities in soil that permlts periodic leachmg of/the salts.* It is much
» - more salt tolerant than common lawn grasses (e.g., ¢ \lch and- buffalo grass)
= ' and has a thher salt tolerance than even coastal Bermuda grass. . - S
-« Silt' grass appears to be a satrsfactqry forage grass. Once established, }t )
e withstands grazing well (even by sheep) and is valua bli green feed during hot
o “months, Tt also makes fine-textured lawns. The plant is easrly propagated;
» new areas ‘may be started by s$mall sods (13-20 square cms) or by runners
: Etf - either placed on the surface or partrally buried: Under favorable condrtrons .
/. the runners from one small sod may, after one growing season, cover an ared - L
. .up tol m diameter. Little fertilizer is .needed; under saline conditions the_ - / ,
. grass does not respond well to nrtrogen and phosphorus The use of fertilizer . .
-—““nray be‘Wa‘r"r‘a’n’ted— aly in low—sahmty seepage areas. s |
~» Though it grows wild on seacoasts of both hemrspheres from Australra to
southern Spam and from Argentma and Chile to BaJa Cahforma and North

- ; . % g \
/ P - T, , . . g -
e i PFS : : [ O

/ . 0 *For a dlscussron of the nnportance of salt-tolerant plants see More Water for Arrd :
‘ Lands, a &)mpamon fo this report Ordering. mforrnatron is grven on page 187 L R
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Pm’palum vagmatum here: growmg int sa[me 5011 in Austraha 1s good for: revegetatmg R

salt- devastated reglons and for €rosion control (G.R. M Pple) . .
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o

Carohna Paspalum vagmatum has been domestrcated only in Australra
' Florrda and the Netherlands Antrlles Experiments in dpmestrcatron are-now
'under way in Venezuela S _ o e

~

\ ' ‘ ' ot
w b

.. ‘LIMITATIONSD AND SPECIAE REOHIREMENTS
‘It has been found that So'rx‘th Amerrcan strains must have an adequate supply
of Sugmer moisture. If not, the plant, which is- dormant in winter in

%
.

) subtemperate (not. tropical) climates, will grow little during summer and 1ts
A spread will be restricted.

~ In low-salinity soils silt grass is attacked by nematodes but this is unlikely
to ‘occur in the saline soil where this grass is most useful. It is also sensitive to
herbicides. It is not recommended for hay. .
' Because- it produces only a small yield ‘of. vrable seed, commercial supplies
of propagatron materral are madequate to meet current demands.

A i

R . . A ‘ i
S S .

L
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w

" Crop and sod nurseries should be established in trop1cal countries to furnish
~—the grass’ for private and commercial usé. The grass is already growing

prolrfrcally in. subtgmperate to’tropical coastal regions around the world. Sod .
Or runners should’ “be distributed to troplcal coastal areas. for forage use and

B - landscaping. ‘

Insuffitient information is avarlable on the nutritional value of silt grass as

2 forage crop. Research should be directed towards ‘'breeding and selectmg
-improved (but strll salt-tolerant) strains for forage. . o :

Developing a strain that ‘produces large quantities of vrable seed would

‘reduce establishiment. costs and would hasten the plant’s more widespread use.

_ Development of a strain with greater winter . hardmes§ would be useful in
: subtemperate saline areas 3 : -

p" ' . -

Selected Readmgs. i, T e

MacPhre G. R. 1973. Three successful saJt-tolerant plants Journal of Agnculture South

- Australia. 16(1):5:8.

Malcolm C. V.and L. A. F. Lamg 1969. Paspalum\vagmatum—-for salty seepages and .
. lawns. Journal of Agriculture, Western Australia. 10(\b 47455,

Morton; k. F. 1973. Salt-tolerant silt grass (Paspalum vagman(m Sw) Proceedmgs of
" Florida State Hortlcultural Soczety 86: 482 90.
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Research Contacts and Germ. Plasm Supply

Department of Agriculture, Cleve, South Australra Australia, (G R MacPhle) s »
Department of Agriculture, Jarrali Road, South Perth 6151, “Australia. (C. V. Malcolm) .
Golf Course Architect, ng [ Bay Yacht and Country Club, Miami, Ftorlda 33158 usa -~ .. ®L.
(C. Mahannah) - s
. Sea Island Golf-Club, Sea Island Georgla 31561 USA (T. M. Baumgardner)

a8

_ Ramie*isa tall ‘slender, almost unbranched herb with stems.2 m tall or more.
. Anitive of East Asia, it has been grown as a fiber crop in China and Japan for

' many centuries. . But its madern. potentlal is as a dyal- purpose CIOR. prov1dmg ‘
both frber (from the stems) and forage (from the  leaves). It has great promlse S
4o to become an. 1mportant new cash crop fur many tropmal and subtroprcal o o
© " locations. . ' > : . -

Ramie fiber'is a bast fiber, found between the bark-and the’ woody struc-
ture of the stem. It has extraoadmary properties. Itis long (20 40 cm), dur- .
- able, lustrous, and strong, with a tensile strength comparable to, or better

than, cotton; flax, or hemp. For somejunusual reasqn the- strength mcreases ,
- -when the fiber is wet Ramie fiber also” resmts cherrucals and decay better than T e

’imost natural textile fibers. ~ - - L ,
Almost any product that can be manufattured from cotton flax; hemp, or

silk' can also -be made from rami % ,for example, carpets, clothmg fabrics, and ~

upholstery fabrics. In addltlon ram{é“can be mixed and spun w1th éither wool

or synthetlc fibers; whrch mcreases its potent1a1 in the texnle mdustry Ram1e

and stretchmg~of predﬁcts made of w l and cotton Ramle blended in .wool
: ~ carpets (50:50) reputedly doubled thetr ear. ‘Moreover, ramle 1mproves the: -
«abrhty of synthetlcs to “breathe” (1e o absorb and. llberate mblsture\ ,

unlforms whrch get heavy wear and are washed often Other products where-
o -in ramie fiber proves superior include fire hoses,g.hreads used for sewing shoes
and;other : ther goods strmg, and strong paper such as that used. for bank

EY

'+ notes. b , / i ‘ T
T o H [ s . ,
. . . + . e e
. R ST | oy T
V . ' K3 Y . s
*Boehmerm nivea (L) Gaud Also known as China-grass, ramio, or rhea Famlly Urti-
caceae. PR 2




s and ‘pa]atzible '
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\ . 'Flpwering ramie. The top portion’ of the ‘rafriic'pl'ant makes nutritiou
' -~ fodder for livesfock. (M. Petruszka) S P
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In sprte of 1ts excellent propertles Tamie frber is not ut/llzed on anx large .

~ scale outsr.ge ‘East. Asia. The pr1nc1pal producmgl,mmtneupe China (espe-

. sprout after the stems are harvested Because of this, stems can be harvested.
in rapid rotation—up to six times a year in tr0p1cal areas with favorable soils.

-+ from well- establrshed ramie fields. .

‘ Extractlng ‘the flber ‘presents serious glfﬁculty Unllke other stem fibe s (such

r

cially the middle Yangtze and southern regions), tie Philippines, Japan

_, Indone51a Malaysra India, and Brazil. It is probable that at least 100 OOO
‘tons of ramie fiber are produced annually in China.

Ram1e S obscunty as a fiber crop is matched by its lack of. recognrtron as a
potentral forage crop \Yet ramie leaves make nutritiops green'feed. 1a con-
A qtuck -growing plant, ramie is-a perennial whose rhizomes vigorously re-

The plant is. relatrvery“*pcst free. Little cultivation: is needed except to inhibit
weeds until’ the crop itself shades them out. When propeply cared for, a srngle

, "plantmg has beefi known: t6. y1eld productively-for 10 years or more.

Ramle is processed into ﬂber in three steps—harvesting; decorticating, and

Gk ‘ degummlng At harvest,the tops and leaves of the plant are removed and can
¢ provide forage Decortlcatmg, in which the fiber bundles are separated from

the stem, gives the crude fiber. Usually the crude: fiber is then hung 5ut to dry

~.and bleach - in the wind and sum: Later it is chemrcally treated with hot' so-
~ dium hydroxrde solution to remove the gum, which sticks.tenacio ély to it.

Annual yields of as much as 2,000 kg of degummed fiber per ha may result

: 1 .‘i"-.“? ; - ".
LIMITATIONS AND SPECIAL REQUIREMENTS ' l

[ 1

as'jute, ﬂax and lwrnp) ramie fiber cannot be extracted satisfactorily by the

usual retting (bactena]) methods because of the gum and because tlle fibers
b ate bpound tightly: in bundles Extractton of the“fiber. by present methods if-

volves’ ted1ous manuat labor or harsh mechamcal treatments, . .1‘

<

. trast to the. stems, they are low in fiber and rich”in ‘prétein (20 percent) .
»mrnerals and carotene In fact, in nutr1trve value . they compare wejl with
*'alfalfa Ramle foliage hasproved parncularly valuable to poliltry and éngs It
. -can be fed fresh, ensiled, or in dried form as hay or leaf meal *

Before the fiber can ‘be spun, the gum must be removed. All current de- |

A ) ,gumm1ng methods demand consideraBle expérience and technrque Removmg o
.. the gum from ramre and /separatlng then ﬁbers is a major obstacle to its wide- *
"._'.spread ise. .. p

In industrialized reglons ramie spm'nng is commcﬁﬁf done on rﬂachrnery‘ .

@ o

*Petrusz.ka 1977. Seé Selected Readmgs o o N

¢ : ¥ .
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: ,developed for srlk cotton or wool— often w1th less than satlsfactory!results,.'




Ramle plants Just 79 days old Santrago de las Vegas Cuba. (U S. Department of Agri- - ’
* culture) ¥

- o

/ Ramre ﬁbers differ from other bast fibers— flax hemp, and jute—in that they
are not usually spun as fiber bundles The lang®amie fibers have a larger di-
“ameter than cotton or smgle flax and hemp fibers, which makes them mbre
rigid. el B . v k

The ramie plant will grow under a varlety of climatic Condltlonsf However,”
,/-*T"'proﬁtable explortatlon requ1res harvestmg as many cuttings per year as pdss1-
: t;f‘f . ble. Multiple harvests aré possible only with steady, high temperatures} a hu-
mid atmosphere, and a well-distributed annual rainfall of at least |, 000 mm.
Irrigation may "be needed during prolonged dry penods -When the crop is har-,

“ . yested, heavy fertilization is usua,lly needed to maintain the plant s vigor.

7 B . - o o

‘RfEsEARCH'NE’éns”' ', '% S

The most urgent research and development need is to explore more: efﬁc:lent'
) cheaper ways to degum without: damage to the fiber. This offers challenges to -+
- organic chernists to identify the gum’s structure and to find solvents and tech- -
_niques for drssolvmg it. It also challenges m1crobrologlsts to detgrmine if
: ramie fiber can be separated by bacterlal aetion. Mlcrobrologlsts must also ;
e find and raise specral m1croorgan1sms that will clean vegetable matter. and :
gum from ramie fibers’ (perhaps under. industrial conditions). ey
With currenttmethods decortication is best done with freshly cut stemns.
Therefore, deeortrcators su1table for medtum or small- scale opera’uons in the
‘freld are needed E S




Two—month old ramie ready for harvest The fiber is contalned between the thin bark
.and the woody structure of the:stem. (M. Petruszka) : , ~ e e

- . . - /
NN : : . = e - .
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It has been sugges/ted that a mechanical harvester be 1nvented to top the
plant tecover the forage for livestock and poultry, ! hﬁrvest and decortlcate
the stems, and collect the decortlcatmg waste for use as paper pulp—all 1n a s
single operation. - T .

W1despread trials with ramie as a forage are also needed. - . . ;

s

S — -
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Research Contacts and Germ Plasm Supply
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szrulma"" specws are blue- -green algae often found in.. salme usually aI '
kaline—waters:f For many generations one spemes “has been™eaten in the
Lake Chad area of Africa. In the'16th century the Spamsh Conquistadores ,

: found the "Aztecs using spirulina as their main seurce of: protein. Some 60-70 S
. percent of spirulina-is good quality- protein. It 1s also IlCh in vrtamrns an‘d«no i
harmful components have been found. S e f :
At Texcoco near Mexico City, a new pilot plant has been set up to collect .
and process. spmhna About 1 ton of dry spirulina is produced dailys ] 1t is sold

Casa hrgh—proteiﬁ“ hrgh—carotene addrtwe for chrcken feed. oL e

T sprruhna as food for humans ey . ,
The algae’s ability to thrive in thhly salme and alkalme water is a greatr FRERIC
- advantage. It grows well in waters ‘containing up_to 14,000 mg/hter f chlor- %,
. ide, and of alkalinity up 4\_‘pH 11. However, d1valent ions, e B magnesrum e
~ ions, must be properly balanced Tehmmated Seawater for example, isnot
= suitable because of its magnesmm content Carbon d10x1de reacts chemlcally TN

*szrulma platensis (Chad specres) [also known as Arthrosprra pIaLensrs] and szrulma & A &
maxtma (Mexican species). Family: Cyanophyceae o : Ao e

TFor discussion of the importance to arid lands of’ vegetatron that gro%/s w1rth salme:

-

"~ water see More Water for. Arid Lands..For mformatlon on ordermg this compambn v

report see page 187. \\M o , : . S :
‘ . e . ‘ ,‘ ‘- :" » N .

B T . - B
r * . . \ ' . e ‘ . o :
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with the often alkaline culture medium, resulting in a hloh degrxe of carbon
dioxide utilization. This makes growing of spirulina an efficient, p[OdLl(,thE
process. Under favorable conditions production rates averaging | 2 g/m?/day
or more are possible. ‘ . . h) ‘

*Spirulina production involves culturmg the  alga #n basms and then
harvestmgx washing, drying,and storing the product. Spirulina is large enouch
. -to be ECCGVeled from the culture medium by simple filtration. In Chad,
SR .m_y;llagms regover it by’ usmg muslin. This is spirulina’s great ddvantdge over

other microorganisms that are bften promoted as new protein sources, but are
difficult and expenswe to recover. Spray drying gives satisfactory, results and
 does not damage ‘spirulina’s high nutritional properties. Heated roller diying
also appears to give satisfactory results. Dried spirulina is not susceptible’ to
Jfermentation and is easily stored. Solvents will bleach the green coloration to

a pale, ta,wp color with almost nq loss in nuthc value. : -
o Splr,ulma can be added (up’to 10 percent by volume)-to cereals and other
food products. without changing the. flavor or creating ob}ectlonable tastes.
Spirulina’s crude protein can reach as high as 72 percent (of dry matter) with

ﬂ-net protem utilization of 61 and’a protem efhuency ratio of 2.3 (casem was

v }w""’ ‘\‘

o Spirulita plateﬁ:fs (W. Pabst) 0 N

™
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- - . asatisfactory balance of essential amino acids, except for a slight deficiency
- inthe sulfur amino acids. It has a high vitamin contept; parmuldlly vitamig,,
Bl ». In rats the product was, shown to have a'digestibility of 84 percent with

-
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2.5). The nucleic acid content on a dry“‘basis was 4.1 percgnt.* The tesfs
showed no acute toxicity. Subchronic tox1C1ty studies showed that dried alga
(up to 10 percent) in the diet did not havé any deleterious effects on-the raf.

The cost of spirulina is heavily influenced by the production rate
per .unit area (which can be -very. high), the scale of manufacture, the
life of the (polyethylene) covering over the production basins, the cost
of decolorization, and ‘the cost of land.

5
= e

&
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LIMITATIONS AND SPECIAL REQUIREMENTS

Growing spirulina culture in artificial media requites a level of*technical
sophistication difficult to obtain in many developing- ﬁ@,thﬁS ‘

Spirulina grows optimally at temperatures from -30°-35°C in arid or
semiarjid regions where there is little temperature variation.

. Climates most favored for spirulina production are between latitudes 35°
north and 35° sodth Within this zone, the best locations are those with much
sunlight, moderate ramfal] water of reasonable quality, and where there is-a
carbof’ dioxide source (such as- ‘natural gas or other hydrocarbons). Land
should be inexpensive and reasonably flat. .

[f spirulina production is not carefully managed, =Eacter1a or viruses can
contaminate the product.

Data available at present are insufficient to predict the economics of
splruhna production; more extensive feasibility studies aré needed to Justlfy
investments.

-/ RESEARCH NEEDS

" Further research and development is needed on mass cultivation of spirulina
in" artificial basins. Inexpensive watertlght basins would greatly reduce
investment costs. Improved CO2 supphes and culture medium stirrers would
also lower costs.

The highly promising laboratory -results on.mineral nutrition, salinity,
carbon dioxide-requirement, radiation, etc., need to be confirmed in field

tests under actual operating conditions. *
Harvesting and processing the algae are still relatively expenswe "and
~ therefore require-more research and development. -l

Gy
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*This is a low nucleic acid: protein ratio compared to bacteria. For this reason spirulina
¢an be eaten directly by humans without removal of the nucleic acids. Bactenal sources.
of protein cannot. -

5%




-
-
£

UNDEREXPLOITED TROPRICAL PLANTS -

s

AL

¥

Chad, where it is native, a woman concentrates spirulina by pouring it into a cloth bag

nr. ye L S ‘
Spirulina is one alga that can be easily copverted into a foodstuff. On the edge’of Lake

that allows the water to drain away . . .




... She then dries the residue in the sun and cuts it into the blocks which are cooked

and eaten as a green vegetable. (Institute Frangais du Pétrole) =

] '
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- If mutants tolerant of magnesium ions can be found, spirulina could be
.grown in seawater. This would increase its utﬂlty and make it possible for it
to grow in many more re&Lons ‘Mutants with the ability to fix nitrogen would

also be desirable. -
Spirulina has been eaten, for generations in Chad and Mexico. But before it

can. be «considered absolutely safe for humans on a long-term basis,
multigeneration feeding studies with animals and prolongé,d feeding tests with

humans are required.
Social mores and eating habits have to be overcome before spirulina can

become’an acceptable human food additive.
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3423:3946. S .
Clement, G. 1971. Une pouvelle algue ahmentaue la spiruline. Revue De I'Insntut
1970. Spirulina: ein gunstiges Objekt fur die -

Pasteur De Lyon. 4(2): 103-14. _
Clement G. and H. Vanlandeghem.
" Massenkultur von Mikroalgen. Bertchre der Deutschen Botanischen Gesellschaft.

 B3(11):559-65.
Hudson, B. J. F., and 1. G. Karls 1974. The lipids of the alga Spirulina. Journal ofthe

Science of Fobd and Agriculture. 25:759-63.
Hiroshi, N. 1970. The Mass Production of Spirulina—a Helical Blue Green AIgae as a New

Food. Microalgae International Union, Airlie Gardens, London.
and G. Terui. 1970. Studies on growth of Spirulina platensis. On the pure

Ogawa, T.,
~culture of Spirulina platenszs Journal of Fermentation Technalogy . 48(6):361-7.
,and W. Pabst. 1970. Aspects for the use of mu:roaTgae in feeding humans

, Soeder, C. J.
and ammals Berichte der Deutschen Botanischen Gesellschaft. 83(1 1):607-25.
The Protein Advisory Group of the United Nations. 1973. Proteins from miicroalgae and

microfungi. Tropical Science. 15:77- -81.

|

[~

Research Contacts and Gerr?i:‘Plasm Supply

Abtellung fur Algen forschung der Gesellschaft fur Strahien]and Umweltforschung,
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RESUME

Cée rapport traite de plantes tropicales choisies et prometteuses pour
I’'amélioration du reglme alimentaire dans les zones tropicales. C'est la, en
général, que l'on trouve! les populations dont le revenu par téte est le plus bas
du monde. En consequence il s’adresse a tous ceux qui-aident les pays en voie
de developpement A parvenir 4 une exploitation plus rationnelle et plus
~ équilibrée de leurs ressoyrces. Ce-sont aussi bien les gouvernements; et le
‘personnel d"hssistance” techmque que les’ chercheurs qui s’occupent d’agri- «
culture et de nutrition et dé toutes les disciplines connexes. =

En réponse & une enquéte écrite, des scientifiques du monde entler ont
mentionné quatre cents plantes. Parmi celles-ci, trente-six ont €té retenues par
un groupe ad hoc. Voici briévement décrites, ces plantes prometteuses.

Céréales et pseudocéréales

{ ~ e

Millet cannelé (Channel mﬂlet) (Echmochloa turnerana) Cette herbe sauvage
d’Australie, qui n’a jamais encore été-dtudiée, peut prodmre des grains
nutritifs avec un seul arrosage abondant. Ceci indique de grandes possxblhtes ’
pour les terres aridés ot il ne pleut qu’a de rares intervalles.

" Amaranthe a grains (espéce Amararzthus) Cette céréale, presque complete-
ment oublie, d’Amérique centrale, produit des grains a forte teneur en
protéines et en .lysine, ’acide aminé nutritivement essentlel:,. general-em_@nt
absent dans les protéines végétales. . . ~ -

Quinoa (Chenopodium quinoa)—Bign que la graine de cette grarrde herbe LT
présente 'une des meilleures sources de protéines de I’espéce vegetale le)
qmnoa n’est pas cultivé en dehors de son habitat ‘andin, et haute altitude.

“Zostére (Zostera marzna) On pourrait entreprendre une recherche eXs
pleratcnre fructueuse Sur cette plante ressemblant a.de’[herbe et produ1sant
des-graines. C’est une notion toute nouvelle et hauteme,,nt spéculative’ que .
d’utiliser 'eau de mer pour les cultures céréaliéres. Toutefois, les Indiens de la
cote occidentale du Mexique ont récolté de tout temps le grain de la zostére
pour en faire de la farine et pour leur alimentation. o




P
7 174 - \ UNDEREXPLOITED TROPICAL PLANTS

5

i

A :
Racines\potagéres et tubercules®

Pomme de te\‘rre celeri (Arracacia xanthorrhiza)—-Cette plante, connue sous le» .
- nom de pana\s _péruvien en raison du,golt et de la texture de sa racine,
‘ ressemble au céleri. Elle est inconnue en dehors des régions andines d’altitude.
" Elle y est souvent cultivée & la place de la pomme de terre, son cout de
B production étant deux fois moins élevé. Les possibilités de la pornme de terre
celeri n’ont pas encore été explo:tees dans les terres d’altitude des troplques
du globe. _, : o
- Yautia des anglo saxons (espec,e Xantrzosoma) -Ces plantes tubéreuses,
hautement productives, ont un peuvoir nutritif plus élevé que la manioc et
peuverit étre cultivées facilement. Bien que leur airé de répartition soit trés
étendue, elles n’ont™jamais afait lob]et dlessais appropriés permettant de
définir leurs possibilités. oo
Talo et dasheens (Colocasia esculenta)—Le Talo, qui est cultlve sur une,
grande échelle dans un petit nombre seulement de pays.a un rendement élevé
et offre de grandes possibilités pour toutes les régions tl’Opl(,EﬂeS Certaines
variétés poussent dans les hauteurs et d’autres dans des sols mqrecageux et
. saturés d’eau qui, autrement, seraient improductifs. Les dashEelns qui sont
des variétés orientales, produisent de nombreux bulbes symetrlques de petite

‘taille, & texture cassante et se conservant parfaitement.
.k

¢

B H

J
i
|

., Légumes

Chaya (andosc olus aconitifolius et Cmdoscolus chayamansa)-- Les feuilles de
“ces plantes arbustives, prolifiques et & croissance rapide, fournissent un
" ‘légume vert nutritif ressernblant a épinard. Connues seulement en Amérique
centrale, elles mériteraient d’étre essayées dans d’autres régions tropicales. '
Coeurs de palmers (Euterpe, Guilielma, Acrocomia, Cocos, etc:)-La
faveur croissante dont jouit ce mets délicat rend inadéquats les approvisionne-
ments actuels. Les peuplements. sauvages se trouvent décimés, puisque
'enlévement ‘du bourgeon terminal tue le palmier. La culture en palmeraies
\_\semble tres prometteuse et doit étre encouragee avant extinction. des -
peuplements sauvages. '
Courage 4 la cire (Benincasa hispida)—Ce gros legume ressemble au melon.
" 1l pousse facilement et peut donner trois récoltes annuelles. Sa caractéristique.

B

*Igname (espece Dioscoreg)-Bicn que igname soit trop connu pour figurer dans ce
rapport, il représente 1'une des cultures potagéres tropicales les plus populaires et les
plus nutritives. Toutefois, il n’est pas‘exploité autant que certains.de ses concurrents
.ﬁ " parce que ses frais de production sont plus ¢levés. il serait donc trésavantageux d’orienter

"+ 'la recherche vers la réduction de ces derniers et vers les prabléemes du sgockagc. Fn effet;

la plupart du temps, soixante pour cent des récoltes sont pérdues a-causc de la pourriture.

Wy
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la plus intéressante est que le fruit peut~étre conserve sans refrrgeratron
pendant prés d’un an. °

Pois carré (Psophocarpus tetragonolobus)—LCe haricot grimpant, 1mportant
en Asie du Sud-Est-en Papoua-Nouvelle-Guinée; -est .inconnu ailleurs. Il
pourrait étre la contrepartie ‘tropicale du. soja. .Soumis i une recherche
appropriée, il pousrait éventuellement devenir la meilleure source de protéine
utilisable dans les régions tropicales:

>,

Fruits

Durion (espece Durzo) -Le durion commun est un gros fruit epmeux trés

estimé par les uns, pour son goit et repoussé par.les autres.:a cause.de son
odeur: La récente découverte d’une espéce inodore pourraijt s’avérer salutarre

et satisfaire tout le monde. Un marché mondial pourrait alors souvrir pour -

cette culture fuitiére.
Mangoustan : (Garcinia mangostana) L’un peut -étre, des fruits les plus
savoureux du monde, le mangoustan est peu connu en dehors de sa regron

‘natale, I’Asie du Sud-Est. Une recherche agronamique et horticole poussée

permettrait ‘de l’hcclimater dans d’au‘tres trOpiques trgs humides. En effet, ce

-sont [a des regmns qui ne conviennent pas‘a la plupart des cultures.

Orange de "Quito (Solanum quztoense) Parent de la tomate, mais
totalement différent, ce fruit est trés estrme au Pérou, en Colombie, en

Equateur et au Guatémala. Il est pratiquement inconnu -ailleurs. Son Ju?:
délicieux et rafraichissant powrrait étre appréci¢ dans les zones tropicales
. d’Afrique et d’ Asie ol la plante pourrait prospérer facilement. '

Pejibaye (Guilielma gaszpaes) Le fruit de ce palrruer ressemblant a une

chitaigne, represente probablement ’aliment troprcal le plus équilibré qui soit
surle glan nutrmf Il contient des hydrates de carbone, des pﬂotemes de-

Phuile, des ‘minéraux et des vitamines. Une fais établis, les ‘arbres, qui

- conviennent aux tropiques humides; ne demandent que peu de soins tout en
- ayant un rendement trés §levé.

Pamplemousse (Citrus grandis)—Ce gros fruit trop1cal qui ne doit pas étre
confondu  avec celu1 communément appelé par ce nom, est hautement
apprecre dans tolt le Sud-Est asiatique. Des cultivars de qualité supérieure
pourraient presenter des possrbrhtes pour, autmt qu on puisse les obtenir

.dans d’autres regrons basses des- troprques Dans les régions du monde ot 'on
cultive les agrumes, on a essayé des’ cultivars qui n’ont jamais atteint la qualité

de ceux, les meilleurs, qui provenaient de la Thailande méridionale.

Corossel (Annona muricata)— Brervconnue en Amérique tropicale la saveur
riche. et aromathue pourrait avoir une plus large audience. La pulpe et le jus
de fruitkse. conservent bien et ce dernier pourralt ‘ainsi faire Pobjet
d’ exportatlons profrtables vers les pays d’Europe et d’Amérique du Nord.

[ ] d 8
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 Wvilla (Pourouma: cecropiaefolia)—Ce fruit, ressemblant & du raisin, est
pratiquement inconnu en dehors de son aire de répartition dans la partie

“occidentale du bassin~de I’Amazone. Sa chair est agréable quand il est mange
ccru. On peut également en faire du vin. Il mériterait d’étr¢ mis a ’essai dans
- d’autres régions forestiéres basses des tropiques. On ne sait absolument rien

de sa biologie ni de ses possibilités culturales.

Oleagmeux ‘ ' e |

Babassu (Orbtgnya speczosa) Ce palmief croit profusmn dans le bassin de
I'Amazone et dans certaines régions de I’Amérique centrale. Bien que ses
graines soient extrémement riches en huile proche de “celle du cocotier, le

palmier babassi n’a jamais été cultivé. La main-d’oeuvre requise pour le -

ramassage . des grames et la dureté de celles-ci, les rendant particuliérement
difficiles a puvrir, sont deux des obstacles a son exploitation.
‘Courge calebasse (Cucurbita foetidissima)—Elle pousse a I’état naturel dans

“les régions désert'iques de ’Amérique du Nord et a depuis toujours fourni aux

Indiens des grains comestibles. Ses merltes devraient €tre plus largement -

reconnus. Elle pourrait repré§enter en effet, une source profitable d’huile

R |

alimentaire_ et des protéines ‘dans les parties trés arides du globe ou il

conviendrait d’etabhr des culturé\s d’essai.
Espéce ‘Caryocar—Bien _que le promoteur de I jndustrie du caoutchouc, SlI
Henry Wickham, ait encourage cette source d’huile avec autant d’enthou-
asme que I'hévéa, les arbres de l’espece Caryocar, qui poussent a letat
sauvage en Amazome restent méconnus. Ils portent, en grande quanti

noix oleagmeuses ressemblant aux noix du Brésil.
Jessenia polycarpa— Or1g1na1re de 1’Amazonie, Ce palmier porte de tres

- importants régimes -de fruits dont T’ huile est analogue en apparence, en teneur

I’Amérique ‘du Nord occupe une place unique dans le régne végétal. En effet,

"4 Pinverse des autres végétaux, elle secréteune cire liquide dans ses graines, au

lieu d’esters de glycérol. Les cires liquides sont importantes pour I'industrie.
La seule autre source en est le cachalot. La mise sous culture du jojaba
pourrait . apporter ainsi de grands avantages économiques aux régions
trop1cales et subtropicales arides.

.

"Cultures fouragéres

Acacia albida—C’est un arbre que . lon trouve dans les savanes de I’Afrique
orientale et occidentale et dont 1 feulllage et les fruits, caractére -insolite,

a

et en qualité.a celle de T’olive. Elle est vendue comme huile alimentaire en -
"-Colomb1e mais est virtuellement inconnue. dans le reste du monde. _
Jojoba (Simondsia chinensis)--Cette plante des régions subtropicales de
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apparaissent au cours de la saison séche. Ses feuﬂle\s? et ses gousses sont
souvent le seul fourage dlspomble a cette époque. Toutes les espéces de bétail
‘en sont trés amateurs. ‘

Brosimum alicastrum—Originaire d’Amérique centrale, c’est un grand arbre
résistant 4 la sécheresse. Ses feuilles sont comestibles et ses fruits, petits,

contiennent des graines amylacées. Le bétail est friand de son feuillage. Peu -

connu en dehors de son aire de dispersion, il mérite d’étre essay€ dans les
régions tropicales—en particular celles qui ont des saisons seches prolongees et
ou le fourage ést indispensable. h .

Casse dense (Cassia sturtii)—Ce buisson est con51dere sans 1mportance dans
'son Australie natale. En Israél Uil est Cultivé experlmentalement il fournit
un fourage nutritif I'année durant. Il faudrait rechercher ses poss1b1htes daiis
'les dutres régions arides des ctimats tempérés et subtropicaux. :

Arroche (esp. Atriplex)—Plusieurs espéces de ces arbustes australiens

semblent trés prometteuses pour les régions arides. Elles produisent en

~abondance un four%ge savoureux, particuli¢rement dans les sols salins.
Tamarugo (Prosogﬁzs tamarugo)—Cette légumineuse est un arbre - -rustique,

& ﬁdnf du désert inhospitalier d’Atacama au Chili. Il pousse & travers une

“couche de sel pouvant atteindre un métre. La qualité de ses gousses et de ses
feuilles permet I'élevate .du mouton a un rythme. approchant celui des
meilleures régions fouragéres du monde. '

Divers : o =

Palmier butiri (Mauritia ﬂexuosa) Bien qu’il soit le plus abondant du monde,
ce palrruer n’est pas exploité commercialement. Toutefois, dans son pays

natal, le bassin de 1"Amazone; on en tire & petite échelle “des fruits, de
'amidon, des fibres et du bois. 1l récompenserait largement les efforts de
recherche et de développement qu’on lui consacrerait.

Candelilla (Eupheorbia antisyphilitica)—Les feuilles de cette herbe prove-

nant des régions désertiques du nord du Mexique sont recouvertes d’une cire -

de valeur. Elle est exploitée -et expédide aux ®tats-Unis depuis plusieurs
années par une industrie subventionnée par le gouvernement mexicain. La
rechexche orientée vers sa culture et son traltement pourrait en faire une
récolte hautement profitable pour tous les sols arides des régions sub-
tropicales. : oo .

Cauasst (Calathea lutea)—Cette grande herbe pousse a ’état sauvage dans
les régions marécageuses du bassin de ’Amazone. Elle réussit tout aussi bien
quand elle est cultivée en hauteur dans les zones  forte pluviosité. Ses feuilles
sont recouvertes d’une cire dute qui fond facilement. Facile 4 planter et 4
recolter le cauassi peut étre exploité, dans les régions humides, dans des

. marais écartés qu1 seraient mutﬂlsa'bles autrément.
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Guar (Cyanopsis te;ragor‘zoloba) Les graines; @ haute teneur en protéines
de cette plante asiatique qui ressemble au soja, renfexment une gomme qu1 est’

~de plus en plus recherchiée par lindustrie. En raison de ses propriétés

exceptionnelles, cette gomme a de nombreux usages qui-vont de son emploi
dans les tuyaux dincendie, pour faire glisser 'eau plus facilement, jusqu’au

durcissement de la créme glacée. De toutes les sources de gomme vegetale &=
“guar est la plus prometteuse. '

Guayule (Parthenium argentatum)- Arﬂuste des déserts du Memque il

¢ contient un latex comparable a celui de I'hévéa. Ce sont les prbblemes

te..hmques rencontrés dans la séparation du latex des résines et-des autres.
matiéres végétales qui ont empeche son utilisation. Il recéle cependant: de
grandes promesses comme source de caoutchouc pour les régions arides.

Ramie (Boehmeria nzvea) ‘La fibre extraite de ce- grand arbuste d’ Ex- -

tréme-Orient est résistante et possede, entre autres quahtes remarquables
celles de ne pas saHonger et d’étre irrétrécissable. Son exploitation est
restreinte en raison de la gomme qui colleavec ténacité a la fihre. Dégommer -

cette derniére serait le premier probiéme i résoudre pour donner 4 la ramie la

place qu1 pourraJt lui revenir dans I’agriculture tropicale. - s

Paspalum vaginatum—Cette herbe exttémement tolérante au sel supporte
parfaitement les innondations d’eau sakée. Elle est recommandée’ pour
reconstituer la végétation des régions envahies par le sel. Elle est partlcuhere-
ment appropriée pour fixer le sable des ylages Déja—cultivée avec succés en
Australie, elle fournit du fourage - dans les miarais cOtiers qui, par ailleurs,
seraient improductifs.

Spirulina (szrulma platenszs et szrulma maxlma) Ces algues a haute
teneur en protemes poussent dans les eaux saumatres et alcalines. A 'inverse
de certaines autres algues les grand rassemblements de spirulina permettent
de la récolter facilement avec des filets ou d’autres ma; ens aussi simples. Elle

- est agréable au- golt et, au Tchad et au Me)uque elle fait déja-partie du reglme
: ahmentalre

1
'
14
’
'




Este es un mforme sobre plantas trop1cales escog1das que tienen la posibilidad -
de mejorar la calidad de vida en las zonas tropicales: En términos generales los - -

paises de esta zona contienen las poblaciones de mds bajos ingresos en todo el

.. tundo. De ahi que este informe-se dirija*a aquellos que se preocupan por

ayudar a los paises, en desarrollo a obtener un aprovecharruento mads eficiente
y balariceado de sus recursos biolégicos:- admlmstradores gubernamentales,
- personal tecmco asistente, investigadores agncohs\en nutricion y disciplinas
~ afines. o e
dLas 36 plantas que aqui se describen fueron escogidas por ‘umgrupo de
entre 400 personas que habian sido nombradas por expertos en plantas de\‘ S
todo el mundo en respuesta a una indagacion por escrito. o=
A continuacion se da yn resumen de las plantas escocrldas por las grandes
pos1b1hdades que ofrecenu

g

i)

jamds se ha estudlado da un grano nutr1t1Vo con soloxegarlo profundamente
una vez, lo cual indica el potencial para aquellas tierras dridas donde lueve
‘escagamente. :

Grano amaranto (Amaranthus spp.). Las semillas d¢ este casi totalmente
descuidado grano contienen un nivel sumamente pyde proteinas y del
aminodcido-iutritivo esencial—la licina—que por la- g€nera] no“se halla con
regulandad en las protemas de las plantas. : N\ ~

esplga es una de las mejores fuentes de proteina en el remQ vegetal, la qum !
no se cultiva fuera de su ambiente andino de grandes alturas."

Zostera marina. Los estudios de exploracion sobre esta planta podrai
resultar en copiosos beneflcms por cuanto es una planta parecida a la hierb
" que crece en el agua salada y que produce grano. El uso del mar para cultivai
grano es un concepto nuevo y de mucha especulacion, pero_los indios de If
costa occidental de México por tradicion han cultivado el grano de la Zostera
matina para alimento y harina. . B | e

179 > L =
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Ralces y tubérculos®

Arracacha (Arracacia xanthorrhiza). Es conouda como pastinaca peruana'
debido al sabor y a la textura de su raiz. Esta planta, que se asemeja al apio,:
es deSL,onomda fugra del altipland andino. En esta region con frecuencia se

P
>cultiva esta raiz en lugar de la papa. Su costo de producmon es solo la mitad.

La arracacha tuenta con un potencial ain nao explotado en las altas regiones
tropicales del mundo. '

Yautia (Xanrhosoma spp.). Estas ralces altamente productlvns son mas
nutritivas ~que la mandioca (cazabe) y muy faciles de cultivar. A pesar de
encontrarse amphamente distribuidas, no se las ha estudiado con detem-
miento para saber cuiles son sus posibilidades.

Taro y Dasheens (Colocasia esculenta). Solo gn muy pocos pa1ses se;
cultivan en gran escala, pero el taro, que es altamente prod,uctlvo tiene muy
buenas p051b111dades de cultivo en las regiones tropicales el mundo. Algunos
tipos crecen en! tierra alta, otros en suelos anegado y Cenagosos que no
producirian otros alimentos. Dasheens son variedades orientales que producen
un sin numero de bulbos pequefios y simétricos de textura wgorosa y que
pueden almacenarge sin peligro que se dafien.

Vegetales : e — S
"Chaya (Cnidoscolus aconitifolius y Cnidos'cblus chayamansa). Estos arbustos
de crecimiento y proliferacion rdpidos proveen un vegetal verde nutritivo y
parecido a la espinaca. Aunque se la conoce solo en Centroameérica, merece
‘que se la pruebe en otras regiones tropicales.

Palmito (Euterpe, G,uzlzelma, Acrocomia, Cocos, etc.). Durante los ultimos
diez afios la demanda de este manjar ha crecido tanto que los abastecimientos -
actuales son inadécuados. Las palmas silvestres se estdn diezmando puesto que
al extraerles el corazén se las mata. Se debe proiver el cultivo de la palma
porque - ofrece muy buenas p031b1hdades antes de que las silvestres sean
~ destrufdas. ' ;

Calabaza amarilla (Benincasa hispida) 'Este . vegetal grande parecido' al

- . "if
i > :
I

* *Batatas (Dioscorea spp.). Aunque-as batatas son muy bien conocidas para que se las

incluya en éste informe, estas son las mds nutritivas y populares de las cosechas de
raices tropicales. Sin embargo, no se cultivan con tanta amplitud como algunas dg sus
competidoras porque su costo de produccion es mas alto; la inversion en el studlo‘para
reducir su costo de produccidn seria de extremo valor. Asimismo es necesarlo estudiar
lgs problemas de almdcenamiento: alrededor del 60% de las cosechas muy a menudo se
pierde.o se pudre.

N
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caracterlstlca sobresahente es que ig Jruta puede guardarse hasta por doce+
.. meses sin refr1gerac10n

Frijol* alado |  (Psophocarpus tetra@hqlobus) Este frijol trepador,.de

' importancia en Tl sudeste de Asia'y Papua Nueva Guinea, pero desconocido

en otras Partes p031blemente sea la contrapartlda del ﬁriJol de soya. Con
algunos estudlosljpomblemente Hegana a ser una de las wmejores fuentes de

protema atil en lps troplcos N “

/
I

Frutas

Durian - (Durlo spp.). El durian comin es una fruta grande, esp&nosa y

estimada por muchos por su sabor, pero aborrecida por otros por%u alor. El °

descubrimiento de una especie que no tenga ese olor ofensivo podria ser mas
aceptable y abrirfa un mercado mundial a este producto.

Mangostan (Garcmza mangostana). E1 mangostan, tal vez una de las frutas
de mejor sabor en el mundo, es muy poco conocida fuera del sudeste de Asxa

. Las investigaciones agronormcas y en la horticultura a fondo contribuirian a
~ extender su drea de cultivo a otras regiones sumamente himedas del”

)

tr0pxco una zona cuyo clima no se presta para el cultivo de la mayoria de las ™

siembras.
Naranjilla (Solanum quitoense). Esta fruta usada como postre aunque es

. de la familia del tomate pero no se parece a éste, es muy apetecida en Peri,

Colombia, Ecuador y Guatemala y, sin embargo, es virtialmente desconocida
en otras partes: Su jugo es delicioso y refrescante y podria ser popular en la
zona tropical de Africa y Asia, donde la plantd podra florecer con facilidad.
Pejibaye (Gﬂﬂlelma gasipaes). La fruta de esta palma parecida a la castafia,
es probablemente el alimento trOpléal nutritivo me]or balanceado. Contiene
carbohidratos, proteina, aceite, minerales y wtammas Propias del tropico
“hamedo, las palmeras, una yez establemdas reqmeren muy poco cuidado y
dasi una abundante cosecha. - - T :
Poinelo (Cltrus grandis). Esta fruta de tamafio gran&é Shosiblemente de la
familta- de la tofonja, es de:gran estima en‘todo el sudeste de Asia. El CUlthO
de variedades distintas ~podria ofrecer excelente’sﬁpomblhdades si gstas
puglieran darse ¢én'tierras bajas -tropicales. Si bien ésta se ha. probado

amphamente en las regiones citricas del mundo,.la calidad de las variedades -
' probadas ninca se asemeja‘a las mejores del sur de Tailandia.

. Guandbana.(Annona muricata). Esta fruta es bien conocida en la’ region
troplcal de América y tiene un sabor rico y arontitico que podria disfrutarse
mds ampliamente. Tanto el jugo como la pulpa se conservan bien y su
eportacion de  paisesa tropicales’ a Europa y Norteamenca podria ofrecer
buenas. posibilidades econdmicas. M\

Uvilla (Pourouma cecropzaefolza) Esta fruta paremda a la uva es ca31 ’

“~ ) ‘ . -

s . ¥,
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desconocida fuera de su tlerra natal al occidente de la cuenca del Amazonas.
Su pulpa que. ¢s de sabor agradable se come cruda y también sirve para hacer

- vino. Esta merece que se la pruebe en otras regiones bajas montafigsas del

tropico. No se sabe absolutamente- nada en cuanto a sus pombxhdades
biologicas o agrondmicas.

Semlllas oleagmosas

BabassuAQrbignya speciosa). Esta palma crece abundantemente en la cuenca
del Amazonas Y algunos lugares de Centroamérica. Aunque las semillas son
ricas’ en aceite, muy parecido al aceite de coco, la palma babasst no ha sido

_aln cultivada, Las barreras principales que se interponen a su ¢xplotacion son

el trabajo necesario para recolectar las semillas y el hecho que éstas son
extremadamente duras y no se abrencon facilidad.

Calabaza bufalo (Curcurbita - foetidissima). Esta calabaza silvestre del
desierto norteamericano, la cual provee de semillas comestibles a los indios de
Norteamérica, es una posible fuente provechosa de aceite: comestible y
proteina en tierras extremadamente dridas.. Merece que se la reconozea con
mds amplitud y se la cultive en forma expenmental e todas las regiones
aridas del mundo. ST :

Especies de Caryocar. A pesar'de que Sir Henry Wickham, el pionero-en la
industria del caucho en Malaya, promovié esta fuente de aceite con el mismo
entusiasmo con que promovid el drbol de caucho, la especie Caryocar
continda creciendo en forma. silvestre en’la region del Amazonas sin que se le’

preste mucha atencion. Estos arboles producen grandes Lantxdades de semdlas '

oleaginosas parecidas a la nuez del Brasil.

Jessema polycarpa Esta palma, oriunda de la region gmazonica, produce k

unos racimos extraordinariamente grandes de una fruta que tiene un aceite
parecido al de la aceituna en apariencia, cg)ntemdo y calidad. Se vende como-

. aceite comestible en Bogota Colombfy, pero es casi desconouda en el resto,

del mundo. : -
Jojoba (Simmondsia chmenszs) Esta plamta subtropmal de Norteamenca es

especial en el reino vegetal: segrega cera liquida en sus semillas en vez de los .
~ aceites glicéridos que otras plantas segregan. Erf¥a industria, las ¢éras liquidas

son de importancia. Estas son dificiles de sintetizar y la unica otra fuente es el

cachalote. El desarrollo de la jojoba como producto de cultivay, ,promete .

importantes beneficios econdmicos a las regxones dridas troplcalgs y sub-
tropicales.

&

Forrajes o oo

;Acacia albida. Estke arbol legy /in,oso que crece en las sabanas delAfrica .
Oriental y Occidental, es poc?’comfm por el hecho de producir follaje y fruto
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durante la estacion seca. Sus hO]aS y vainas, con frecuencia, constituyen el
umnico forraje disponible en esa epoca y, por lo tanto, r’nuy apetecido por toda
clase de ganado. .

Brosimum alicastrum. Este drbol alto y resistente a la sequia es propio de

'Centroamenua. Produce hojas nutritivas y una fruta pequefia con semillas

feculentas.  Sus hojas son favoritas del ganadd. Poco se sabe -acerca de
este drbol fuera de Centroamérica y merece qye se lo pruebe en zohas

\\ﬂopjcales especialmente en aquellas donde la estacion seca es prolongada—

dondf; sé'necesita una fuente de forraje.

Dénse Cassia (Cassia sturtii). Esta mata de poca importancia como forraje
en Australia, su tierra nativa, estd dando un-forraje nutritivo todo el aflo en
proyectos de experimentacion que se llevan a cabo en Israel. Se determinara
su necesidad potencial en otras regiones dridas de clima templado o
subtropical.

» Matas salinas (Atriplex spp.). Varias especies australianas de estos arbustos
ofrecen grandes posibilidades para las regiones dridas. Estas producen un
abundante forraje de buen gusto, especialmente en suelos salinos. ., T

Tamarugo' (Prosopis tamarugo). Este arbol leguminoso, duro, nativo del.
aborrecible Desicrto de Atacama en Ghile, trece a través de una capa desal a |
veces de un metro de espesor La calldad de sus capsulas y hojas permite que
se alimenten ovejas casi en la misma proporcion en que se hace en las mejores
zonas fortajeras del mundo. o

Miscelaneas ’ ' o ( ‘
Palma Burit{ (Mauritia flexuosa). Posiblemente ésta sea la palmefa mads
abundante en todo el mundo, pero no tiene ningin uso comercial. Sin
embargo un buen numero de productos—almidon, fruta, fibra y madera—se
obtienen de ella en pequefia escala en la cuenca del Amazonas, su lugar
nativo. Esta es una fuente abundante que muy bien compensara su

. investigacion y desarrollo.

Candelilia (Euphorbza anitsyphilitica). Esta hierba de los de51ertos del
norte de México tlene unas hojas cubiertas de-una cera vahosa Una empresa
mexicana con subsidio la ha producido y exportado a los Estados Unidos

- durante varios afios. El estudio, elaboracién y cultivo de la candelilla pukde

convertirla en’ un producto altamente provechoso en las tierras 4ridas en toda
la regién subtropical. _
Cauasst (Calathea lutea). Esta hierba silvestre crece alta en ciénagas d& lak
cuenca del Amazonas, pero también crece bien en plantaciones en las laderas
de cerros en regiones 'de lluvias abundantes. Sus hojas estdn cubiertas de una
cera dura y de alta fusidr. La cauassi, que es sencilla de sembrar y cuftlvar
puede producnrse en ciénagas remotas inservibles de zonas humedas.
" Guar ( Cyanopsig tetragonoloba). Las semillas de alto contenido protinico
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- de esta planta asidtica, que se asemeja a la planta del frijol de soya, contienen
una goma de demanda creciente en la industria. Debido a sus ‘propiedades
especiales, la goma tiéne varios usos, desde permitir que el agua fluya con mds
facilidad a través de una manguera de incendio hasta endurecer helados. El
guar es la fuente de goma mds prometedora entre los vegetales.

Guayule (Parthenium argentatum). Este es un arbusto de los desiertos
fmexicanos que contiene buena cantidad de latex que se asemeja mucho al
hule Hevea. Su desarrollo ha sido impedido por,problemas técnicos-asociados
con la separacion del latex de las resinas y otra materia vegetal. Sin embargo,
como fuente de caucho ,en regiones dridas, el guayule ofrece grandes
posﬂnhdades

Ramio (Boehmeria nivea). La fibra de este arbusto alto y perenne
proveniente del Asia Oriental posee cualidades superiores—fuerte y no se
estira ni se encoge como otras. Sin embargo, su desarrollo es restringido porque
posee una goma que $e adhiere fuértemente a la fibra. Cuando se solucione el
problema de extraerle la goma, esto constituird el primer paso para darle al
ramio un papel de mayor significado en la agricultura tropieat:

Hierba de aluvidn (Paspalum vaginatum). Esta hierba altamente tolerante a
la sal resiste inundaciones de agua de mar y se recomienda para la produccion
de nueva vegetacién de regiones afectadas por la sal. En especial, es buena
para dar estabilidad a las playas arenosas. Esta herba, que ya se ha cultivado
con éxito en Austraha provee forraje en menagas costeras que de lo contrario
‘no-se usarian. / ; -

Espirulina (Spirufina platensis 'y Spirulina maxzma) Estas algas de alto
contenido protexmcg\crecen en aguas saladas y alcalinas. Contrario a otras
algas, los grandes conjuntos de espirulina permiten su cosecha.con red o
cualquier otro método sencillo. Es agradable al paladar y ya se usa para
consumo humano en Chad y en México.
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