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This is a report’yn plants that show promise for lity of life i mproving the qua1 
. m tropical areas.” Because the countries in this zone contain most of the 
world’s low-income populations this report is addressed to those government E 

5 administrators, technical assistance, personnel, and researchers-in agriculture, A 
nutrition, and’ related2disciplines who are concerned with helping developing’. z 

* countries -achieve a more efficient and balanced exploitation of their c 
. 

‘biological resources. 
\ ) 

The, .ad hoc panel on’underexploited tropical plants, which In;oduced the ‘i. I 
report, met at Airlie, Yirginia, in> March 1974. The panel had the Tollowing d- )’ 
objectives: {, “’ R 

m ‘To identify neglected but leemingly useful tropical plants, bo_th wild _- &? 
and domesticated, that have’economic potential; ti - 

c To select the plants B that showed the most promise for wider 
exploitation throughout the tropics; and 

a ‘To indicate requirements and avenues for lesearch ,to ensure; that 
selectedplants reach their fullest potential. .,’ 

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 toa manageable size, medicinal plants, and* timber ‘species. weqe 
excluded:j The choice reflected here-is necessarily subjective, based as it is on ’ 
the experience and judgment of the panel. Plants chosen for inclusion had ZP . . . 
satisfy several criteria, the most important of which were: 

I 
‘c .c 

0 Can it be grown in the tropics? 
a Does it have significant potential as a source of food:* forage, or ’ 

industrial raw material? 
* Can it help make developing countries (or areas &thin them) more i, 

productive?, 
Other conside’rations were: Can the plant make a specific contribution to 
human nutrition? Does the plant have multiple properties enabling:,severa?l 
usef$ products to be obtained from it? The plants were not$rdged solely by +, s~ 
how much or how little is known about them, however. Sornk of the plants 
o+ected are. relatively ‘well known; others are taxonomically not yet fully 
described. Some are “luxury crops” that ‘will appeal only to high-pticed:h 
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 $eighing the technical “details against the 
economics, needs, resources, and capabilities of a particular cquntry or area is 

~ perforce left to interested, competenttiauthorities. ,p: * 
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The *panel reco 4 izes that some plants recommended but finally not 
selected for inclusio 

P 
‘!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 prese ted3 here should be’ seen as complements’ to, not as 1 
+4bstitu tes for, cowe tio*l tuopical-crqps. 

A 

The report aims. to provide 
either a textbook n _r a comprehensive survey of tropical botany,. For the 

L 

’ 

,I 

. 
a brief introduction to the plants selected. It is 

r 

c/onvenience of the r-ader: each pIa,nt is presented in a separate c.hapter; 
alranged in theVfollbwqg order: 

a . 
.- “_ 

4 1, ( 

. e “Description ofthe p1an;‘an.d of its advantages n r 
e Limitations and special requirements 

,’ ‘I 

_ 0 Research needs 

1. 

m_ Selecfe$ readm@‘\significant~ reviews, general articles) 
e Research contacts and germ plasm sources (individyals or orgar@ations ,. 

known by the panelists to be involved in relevant research or td have . I ’ , 
appropriate seeds, cuttings, or rootstock). .a a ~ CQ ’ . ‘q - 

This report does not detail how to into-dduce the plants to new areas. * 
Readers should appreciate, that -achieving this g&l may be czmplex and _ _ 
difficult. Many plants ,divussed in this report have defied disseminati&n (or A 

- domestication) for a century‘or m&e. Plant imkduction cannot be divorced - 
from plant management; a lack of horticultural knowledge or*.experience ivill 

. $requently cause a plant. introduction to fail. Differencesqin elevation, soil 
type, Gmperature, day length, and rainfall present other complications. 
Sometimes newly introduced plants prove to lie too aggressive and become 
weeds. Even--if $l these problems &e overcome, the plant will be successful 
only if a marketgxists or can @.e created fo,r its products. ’ 

” The information in this b&k is only a starting point for what may prove 
to be labori& an’d troublesome *projects. Addresses. of knowledgeable 

- contacts are provided so that readers may ascertain for themselves specific 
details, that cannot be covered in-a general report of this kind, b,ut that may 
be critical to the successful introduction of a pIant to their locality. i 

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

The panel is indebted to the contributors (listed on page 169) and to 
I Mary Jane Koob, who acted as administrative secretary for the meetmg and 

for production of the report. The manuscript wa6 edited and prepared for 
publication by F. R, Ruskin. 3; 
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Comments on this report, especiallyoL,if it has induced initiatives or further 
research on the species, described, should be communicated to the staff 

;/’ 

officer, Dr. Noel Vietmeyer, National Academy I)f Sciences-National Re- 
search Council , 2101 Constitution Avenue, JH215, Washington, D.C. 20418. 
USA. Suggestions and information from readers about species not covered in ’ 
this volume are welcome. They might be incl6ded in a later publication. 

4 

Note” to the Second Edition 

Denran for this report has continued strong since it first appeared in 
1975. More than 20,tIOc requests for copies have been receiveli. Ttirs far es-‘ 
ceede&lLinitial expectations and has neressrtated reFjrinting the book three 

times. & late 1976,, requests were stall pouring m, but stocks.were. once more 
depleted. Before reprinting this time, however, ,the staff decided to update ’ , 
names and addresses of research contacts that appear ,,throughout. According- 

* 

ly, the interest of each resqrrch contact was ascertained and. as’s result, in 
this edition some’names have been droDped, others added, and w’here neces- 
sary, 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 &ss-relevant 
orhard~to~find literature that was,cited previously. 
, Sine -\ 

$.$z$ 
report was published, some species have, received attenlion t;rom 

scores of researchers. The winged bean, jojoba, and guayule are notable ex- 
amples. The winged bean is now cultivated in many countries where+it 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 6f jojoba planted. Mexico and Israel’ were also establishing jojoba 
plantations. Guayule’was’ being investigated at several U.S. research institu- 
,tions, inclu’ding those of tivo large rubber comp&es. In Mexico, a pilot 
rubber-extraction factory was operating, and tires made frdm guayule rubber 
were being road tested. In-November 1978, President Carter signed into law a 
bill that made available ‘$30 million for guayule research and development. : L 
These and other a”dvances are not reflected in the current text, but many are 9. 
described in the new literature now cited in tzhhe Selected Readings sections. 

vii 4 
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The strain on world resources posed by rapid population growth, d%indling 
supplies of nonrenewable resources, and shortages of food puts economic 
botany in the mainstream of’hu bncern. 

. *, 
Throughout history ma4 ha d some 3,00O=piant species’for food: at 

least 150 of them have been cowercially cultivated to some extent.-But 

-w 
uries the tendency has been to concentrate on fewer and fewer., 

,.most of the people in’the world are fed by about 20 crops---cereals 
such as wheat, rice, maize, millet,” and‘sorghum; root crops such as potato, 
sweet potato, and cassava; leg&&s su%h as peas, beans, peanuts (groundnuts), , ._ 
and soybeans; and sugar cane, &gar be_et9$oconuts, and bananas. These plants - 
are $he main bulwark between mankind ‘and starvation. It is a very small D 
bastion. 13, .-I 

Yet as &e’ 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 pf p@.nts carries great . + 

risk, for monocultures are; extremely“ vulnerable to catastro$ic failure 
brought about by disease or variations in climate. To he!;-feed, clothe, and - * 
house a rapidly increasing world population, it is timely-to consider neglected 

- or little-known -Ijlant species. I$ 
Man has only just begun to takf stock of the chemical and genetic 

possibilities in the plant kingdom. No? we must scrutinize the thousands of 
plant species, many of which are still untested and some as yet unidentified. 

c The apparent advantages of stapJe plants over minor tropical plants often - t 

result only from the disproportionate research attention they have been 
given. Many indigenous species may possess e&al merit, but were disregarded 

. during the colonial era’ when consumer demands in European count6ies ‘. ._ 
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 extensi.bn. Even after independence, the pattern of concentrating on a ” 
few crops changed little. Markets abroad were established, and the new . -. 
countries needed for-eign exchange. ‘Furthermore, as indigenous scientists 

7 yere -geqerafly trained in th$ institutions of temperate-zone countries 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 in many places local demand for tradtional crops” 7 
dezlined.. . 

. . 
c 

* 

” 7 1 L. 
1 



* * 7 _ Because of these factors, the potential of many tropical crops has never _ 1 . 
been explored. A striking case is quinua,* one of t?-e most prodactive sourcesY^ ’ 

.,of plant protein, It grows high in the ,Andes, where Jew other- crops can ,, 
_, survive. The Spanish introduced wheat and barley and focused agricultural 

research only on those crops4 which eventuhlly displaced quinua. Despite its 
: _-_*’ ~~ ._ 

c intr.r@ic nutritive:,and ec?onomic value and. the fact that protein deficiency is a’ 
se-n&& roblem in its native region; ‘the- agronemy of quinua h&advanced * 

i, little in: he past four centuries. 4 l I - i F, *? . . 
I) ,“1 d ,. i 

, ,*a > ,.+ ’ . l, I 
‘i i 

( TR&CAL PLANTkESOUR-CES ~ ..’ ” 
1 i. 

-- . . 

: ;’ 
1. 

:$’ , Most agricultural scientists are unaware of the scope and potential offered by 
c tropical botany. The’ discipline suffers largely because the major centers of ,A 

1 scientific research are located in temperate zones. 4 , 
The&is an urgent need for plant researchers to become acquainted*with, 

tropical plant life. Important new products-such as oils, gums, and waxes for 
ind$stry; prot.eins for food and feed; and chemicals ,for pest control: are, . 

i 
likely to result from their attention. 

c 
z1 ‘- %. 

,ist 3 i, y&;c “‘., -. - The variety of tropical plant species is staggering. Contained among them . . 1 ’ r 
c. .: is a wealth of-new products. In studying tropical econornic*botany it is not . - ’ T 

’ Y enough to consider solely traditional needs and markets. N&v raw materials I 
also, will ,be required,in the future. changing conditions are already creating i . ; : 
demands for new products from previously underexploited -plants; more will \ . 

- . be needed as pressures increase for the exploitation-of renewable resources. 
a Innovations in ,transportatio,n already make- it feasible to transport ’ 

e . perisbble products around the world. ’ ( 
* ;Affluence in certain parts of the world has enhanced the consumer’s 

ability to pay for specialty items and-heightened his desire for new products 
such as rare spices, ifruit, and fragrar&es. 

,’ 
I_ 

0 Paradoxically,, burgeoning population and continued poverty elsewhere 9 -G 
are increasing the need for survl’val$ants and for those hardy species that can 
be grown in unusable, marginal land. I -/ 

* Improved scientific knowledge of adverse effects of certain products ’ 
has created demands for new products, including unsaturated,fats, low-calorie q 
sweeteners, and biodegradablz pesticides.. n 

. New industrial! processes have stimulated the need for larger supplies of 

\ 
materials such as elastomers, lubricating oils, drug-precursors, and waxes. 

I 
Tropical plants: appear able to meet many of these demands. Given ., 

concentrated research, many undere$loited,plants could follow the develop- 
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Iti’TROIKl-iON AND SUM,hAR~ :i.. .I 
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mental course of the sc)‘ybean. Dming the p’dst SO years the rrsmg need for 
protein has turned the/soybean into a staple in mGny partspt‘ the world. 
including the United States, where the plant was once.an oddity. 

Ii d 

A massive effort “isdeeded to ensure tI1.e survival of endangered plant species 
throughout the wojld. It comes as a surprise to most non-botanis.ts to’learn 
that, one out of every 10 plants is either extinct or in imminent d@ger 6f, 

? . 

I “extinction. 0”ver 2O,O/JO species are now in need of protection. Wanton 
. destruction of natural vegetation is killing many, but the relentless spread of i ’ a 

conventional agriculture displaces and destroys many &hers. Careful preserva- 
tion and thorough cataloguing are particularly important for little-known 
plants such as @se described in this report. Only in this way will the genetic e 
diversity and healthy stock needed for developing new food crops be assured. 
Potential breeding stocks, clones, and cultfvars will otherwise become extinct. 

To this end, the number of botanic gardens; field stations, and habitat , 
reserves confaining natural vegetation types must be increased. At ptesent, 
the number is actually decreasing: rising costs and urban sprawl are making it 
more diffi@lt for local botanic gardens in tropical countries t@ survive. And 
with their demise even’ existing collections of tropical germ plasm are, being 
lost. To save these service centers and botanic gardens in the tropics, financial 
support is urgently required. Local governments must be made more aware gf 
the importance of their native flora resources to their country’s economic 
development and of the need to, inventory, maintain, and capitalize on their 
indigenous vegetat-ive materials. The Stockholm Conference on the- Human 
Environment of 1973 recognized j&is: 4mperative in its proposal for the 
establishment of an international net’work of genetic resotirce stations. The D : 
concept is strongly endorsed by the panel: 

The number of personnel trained in tropical plant science must also bc 
increased. Today, few institutions in the world offer training in tropical, 

- botany, tropical horticulture, and tropic& agronomy. Facilities for training 
and research should be established rapidly because the time left for the study 
of undisturbed tropical vegetation is limited. .&y 

, 

. 2 

+ PLANT INTRODUCTION 
I 

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, 

G 
P 
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their experiment station!6 cannot afford to devote time -and money to ‘1 ?. 
lesser-known plants. To alleviate this problem, development agencies and, _ . 
foundations concerned with agriculture should considet spon&ing a system 
of horticultural facilities (in tropical and subtropical developing countties) to 
pursue 9gronomic research and extension on lesser-known indigenous and 
newly 4ntroduced species., In’ part, such facilities could be extensions of the -nQa<,,.,. 

---y-J 

network ‘- of- ntWerma%‘~H%l-, agricultural research institutions already in y 

existence. - j < 

A summary of the plants selected by the panel for their high prpmise follows:. 
C’ 0 

Cereals and Pseudocereals ‘-’ . . I , * 
Echinochloa _ turnerana. This wild Australian grass, which has never- been 
studied, yields’nutritious grain with just one dee’p waterini. It has important 

’ -‘: __ 

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

neglected Central American grain crops have extremely high levels of protein 
and qf the nutritionally essential amino acid, lysine, w$ich,is usually deficient 
in plant protein. 

Quinua (Chenopodium .q&noa). Nthough the seed of this tall herb is one 
t of the best sources of protein in the vegetable kingdom, qtiinua‘ is not 

cultivatedoutside its high-altitude Andean home. . ’ ,, 
4 
c ’ .a 

Zostera marina. ‘Exploratory research on this plant might ‘9uncover ,~ ~ 
important ,benefits, for it is a grain-producing, grass-like 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 Ir ,. 
Zostera marina grain for food and&lour. 

r ‘. 
;y, 

Roots and Tubers* i’ j. I 

Arracacha (Arracacia xanthorrhiza7. Known as Peruvian parsnip 6ecause* of 
ths-c taste and texture of its root, -this plant, which’ looks .‘like ce.Iery: is 

* _ s 

little.Lrknown outside the high.lands of the Andes. In &is region its root is of- ,? 
@ten grown instead of potato and costs only half as-much to produce.,Arraca- 
cha has unrealized potential in tropical highlands ,&rldwide. * I 

*Yams (Dioscorea spp.). Although yams are too weU known for inclusion in this report 
they are the most nutritious and popular of the conv~~ntional, tropical root crops. 

/ Nevertheless, they are not so widely eul&ivated as some of their competitors because‘they . 
are more costly to produce; research’ to reduce production co& woul‘d be extremely 
valuable. Research on storage problems is also urgently needed: often 60 percent of the‘ 
yams harvested are lost to rot.. 
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C~ocoyJi~ms (Xa/irhosom spp.). These highly productive root zaps are 
more nutritious than cassava” and quite easily produced, Although they are 

; * ‘. 
-; 

<.’ *- 

widely distributed, they never have been subjec d to a comprehensive 
improvement program and they appear.to have much unrealized potential. 

ATaro and Dasheens (Colocbsia esculentd). Intensively cuJ)ivated in only a 
” few countries, the high-yielding taro.has worldwide tropical potential. Some 

types grow upland: others .groO& inw%terlogged; swampy soils that otherwise 
are unproductive. &sheens are’. sian Varieties that produce many small? crisp - d’ 

’ t: 
&q i 

corms that store. well. .. 0 , ‘? 
‘.? , c 

’ 1 

C$aya (Crzihosc~ltts aco~~itifblius and CI-~id&colrts rha$k~ansa).. ThE;, leaves of I , 
<these fast-growing, prolific shrubs are a #,nuftritious, spinach-like, green 1 
vegetable. Known only in Central A”merica,*chaya deserves testing elsewhere ’ 5 
%,r the tropics. . 1, I ’ I j 

k 
,’ c 

c> ” I : Hearts of Palm (harvest&d from Eute&e, ktris, A?crocoj?zis, Cocos palms, . 
” etc.). The demand for thlidelicacy has increased so rapidly-p,uring t&re past 10 
I -years that, Current sup,plies are inadequate., Wild ‘stands ate being harvested 

f4 relentlessl‘y. Since extracting the heart kills the palm, plantation cultivation. 
,i : ’ (which app ears ‘highly pro-n&&g economica’llyf nrust be Encouraged before .4 

_- 
wild stands are destroyed. ‘m _ *: , ~ 0 

J ’ 

. 

& .s$-L ‘T Wax Gourd (iBknirtcasa,hispida). .This large, melon-likejvegetable is easy to 
grow and can yield three crops per year. Its outstanding feature is that the 1 

ifruit can be kept without ~rei%geration for as long as 12. months.. 
. a 

Winged -Bean (Psophocarpus t@agonolobusj’. Thi$ climbing bean, in-r-’ 
portant in Southeast Asia and, Papua New Guinea but i.&no3wn elsewhere, is 
possibly the tropical counterpart of the soybear.;’ ,With research, it could 

_. perhaps become one of the best sources ofusable protein in thg tropics. 
* 1 I. 

L x. 
i 

, Fruits 
/ 

a’ 

Durian (Curio spp.). The common durian’ is a ‘jarge, spiny fruit that is 
esteemed by many for its taste and reviled by others for its odor. Newly ’ 
discovered ‘odorless species might. be more ,esthetically acceptable ani could 
open a world market -for this crop. -_ . 

Mangosteen (Garcinia mangosiam@. 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. 

-------. _ ‘it . 
;, 
I -- i, . . / * 



. uaranjilla .(,Solaizzrr,l quitoensc). Related to, but Miholly unlike. tomato&, i 
@iis d essert fruit is highly esteemed in Peru,, Co.lombia. Ecuador; and 
Guatemala, but virtually. unknown elsewherq. Its delicious, refreshing juice . 
might become popular in the African and AsianJropics, where the plant could 
easily flourish. 

Pejibaye (Guilielma gmipaes). -The chestnut-like fruit of this palm is 
probably the most nutritionally balanced of tropical i‘ocids. It contains ’ 
carbohydrates, proteip, oil, minergls, and vitamins. Suite,d to the wet tropics, 
the treks,‘once established, require littli tare and yield wkli.” \\ 

P~m‘kiil’~ ~C&cs.,gmdis). This large fruit, pulba,bly a parent 01‘ tii, 
gr,ap,&fruit , is hifly prizea throughout Southeast Asia. Superior cultivars 

. ‘would become important crops, if. produced elsewhere in the lowland tropics. 
‘. Though widely tested ‘in the ditrus fegions of~the world, the cultivars tested 

1 qeuer apprQached {he quality of the best from.southern Thailand. ’ - 

Soursop (Ann&14 &.kicataj.,i Well- known in the South and Cential’ 
~ American tropics, the rich, ardr$tQ~ flail”” soursop pulp c’ould be more , ; 

widely .enjoyed. The fruit pulp and w.ell and at;e pbtefi<ally 
profitable exports to Europe and JNo*rth ,,I’ ‘. 

Uvilla (/‘ourounza becropiaefolia). is almo$unheard‘~f 
outside its hom<Fland in the western basin. ,I& agrkeab.le 
pulp is eaten ra”w and is also tiad,e into wine. It men”ts trial in other fo,rested, ” 
lowland regions of the tropics.\ Absolutely nothing is knoti abou 
-cultivt tion or agronomic po teri tial. . 1.. I 

-1 

ilseeds 

* Babassli (Orbig~zya martiajza). 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 ba&ssti palm has not been 
domesticated. The main b&riers ‘to its exploitation are the labor required for 
seed collkction’ and the-fact that the extremely hard seeds are difficult to _j 
open. 

Buffalo Gourd (Crrcurbita ~oetidissinzp): ‘This wild, North American desert 
gourd, which ‘furnished edible se’eds “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. 

‘Curyocar species. Although p Sir Henry Wickham, the initiator of the 
Malayan rubber industry, promoted this oil source as enthusiastically as he 

-did the rubber tree, Caryocar species rema& little-known trees growing wild 
‘9 

gr .a 
in the Amazon region. They bear large quantities of- oily seeds resembling 
Brazil nuts. 

c 
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LG 
-j Jessenia polycaqa . 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 “edible 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 se.c&?es liquid wax in its seeds 
i$ead of the glyceride oils secreted by other plants. Liquid waxes are 
important in industry. They are difficult” to synthesize, and the only other :c 

source is the sperm whale. The development of jojoba as a crop promises to 
. .:;. provide important economic benefits to arid tropical and subtropical regions. 

I 

Forage Crops : 

, 

Cassid sturtii. Considered unimportant as forage ‘in its native Australia, 
this bush+ providing nutitious forage year-iound in experimental projects 
in Israel: ,Its potential needs to be determined in- other arid regions of 
temperate or subtropical climate. 

Saltbushes (Atriplex spp.). Several Australian species of these shrubs show 
great promise for arid regions., They produce an abundance..of palatable 
forage, especially in saline soils. 

- 
Tamarugo (Prosopis tamarugo)..A hardy, leguminous tree, natge to the 

forbidding Atacama Desert in Chile, tamarugo grows through a layer of salt 
sometimes 1 m th$ck. The nutritional quality of its pods and leaves allows 
sheep to be stocked at rates-:&5roaching ttise of the best forage areas in the 
world. 

,,.-’ 
6; A. I’ ..iD ‘)I . 

: , : 

Acacia albida. Occurring in savannas of East and West Africa, this leguminous 
*. tree is unusual in that it is verdant with foliage and fruit during the dIy 

season; Its leaves and pods, relished by all kinds of livestock, “are often the 
only fodd,er available at that time. 

-I 

::j.* Brosimum alicastrum. This tall, drought-resistant tree bears nutritious 
‘Teayes and small fruit with starchy seeds. The foliage is enjoyed by livestock.. * 
-Little known outside ‘Central. Amercca, it deserves testing in tropical ! 
areas-especially those having prolonged dry season&-where a forage sourze is ; 

. needed. il c 

i$ther Uses , 

BuritiPalm (Mautii-iaflexuosa)..Perhaps the most plenqful palm in the world, ’ 
: the buriti is not ‘commercially used. Yet many products-starch, fruit, fiber, 

and wood-could be- obtained from it on a large scale :- ,In the Amazon basin, 
its, native. ,home, it is a plentiful resource that would well-repay research and . . .: ‘$ 

. . 
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development. Thfre are comparable palms elsewhere in the tropics that 
should be similarly investigated. 

Calathea Zutea. 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 
iutea could’ provide jobs and mcome in otherwise unusablef’.tropical 
swamps. 
’ Candelilla (Euphorbip antisyphilitica). This herb from the deserts of 
northern Mexico has leaves coated with valuable wax., A.‘subsidized Mexican 
industry has produced aird exported it to the United St&es for several years. 
Research3 into the processing and cultivation of ca.n&?Iilla could convert it 
into a highly profitable crop for arid lands throughout $he subtropics. 

Guar (C’amopsis tetragonoloba). The high-protein seeds of this Asian 
plant, which resembles the soybean, contain a gu& that is in increasing 
demand by industry. Because of its unusual properties, 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 wit& 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 land?. ’ 

,..? 

Paspalum vaginatum. This h.ig.h$?alt-tolerant grass withstands inundation - 
by seawater and is recommend&l for the revegetation of salt-affected II 
regions: It is especially good’ for stabilizing sandy beaches. Already 
cultivated successfully in Australia, it provides forage in otherwise unusable ’ 
coastal marshes. 

Ramie (Boi?hmeria nive?z$ The fiber from this tall,+perennial s@b, native 
to East Asia, has superior qualities-strength and freedom fromstretch and 
shrinkage among others. But its use is rzstricted by the-sticky gum that clings 
‘tenaciously to the, fiber. Solving the problem of degumming (without. ‘ 
weakening the fiber) would give ramie a significant role in tropi&l . , , 
agriculture. ~ 

Spirulina (Spiddina 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 simple 
means. It is palatable and is already eaten in Chad and Mexico. 

. 

, 



Echinochloa umerana, * a little-known wild At$tralian plant, has never#been 
I used &directly by man, nor has the possibility of cultivating, it been 

investigated. Nevertheless’; it offers great promise as a forage and,,g;ain crop . . 
for arid regions. Its most significant feature is that only ‘a single watering is ~ , 
required for the plantfo develop from germination to harvest.’ 

Locally called channel millet,’ channel sorghum, and,,,native sorghum, it 
grows almost exclusively in the channel country of inlapd 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 additjdn the leaves,‘culms, a&d seed- 
heads are readily eaten by l&estock. FurtlleiPno,re;“;he whole pl&t makes 
excellent hay. 1’ , 

Field experience indicates that the seed of Eckzinochloa turnerana will not 
germinate after light rains; deep flooding is required. Deep floods not only 
induce germination, but allow the d lant to complete its development without 
further water. So,, unlike ot . r cereals, it does not require a serie,? of d 
waterings throughout its‘lifet’,me., 

d 

- . 

Echinochloa tubzeran’$ ways grows in fertile, silty clay that cracks deeply 
when dry and is sporyd<cally subjected to deep flooding. Sites may remain 
dry for years between flooding:. The plant often grows abundantly during 

. . I. spring, summer, or/karly autumn when floods occur. 
Echinoch&/$nundata, similar in appearance and growth habits to 

Echinochloa t&nerkza, has only recently been identified as a distinct species. 
It grows i/less arid areas than Echinochloa turneraria: in swamps and-clay 
soil depressions (that hold water for several week9 after heavy rati), and along s 

t stream4 and ponds. Collectors’ notes indicate that it, too, is palatable to 
livestock, but its nutritional value is unknown. 1% . / 

m,,*Echinochloa turnerana (Domin) J.M.. Black. Family: Gramineae. 



\ 

Echinochloa turnerana. (R. G. Silcock) 

‘. Almost nothing is known about the agronomy or use of Eclzirzochfoa 
tumerana. 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. 

c 



? CEREALS 

. . 

. 

Echinorhloa fur;nerana. Knotin 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 i-n only one or two doWnpours. 

Some species of Echinochloa are ruinous rice.field weeds: The Echirzochloa 
z ems-galli cqmplex contains some of the weeds most feared by rice growers. 

The weediness of Echinbchloa tzrmerana is unknown, but strict quarantine 
measures must be enforced dhing experiments in case it is like its relatives. ‘5. 



I In river beds and low-lying regions, Echinochloa turnerana grows prodigiously after the soil has been thoroughly soaked. It needs only a single 
,gc. watering to comp,lete its life cycle-an important benefit in arid areas where rainfall is irregular. (S. L. Everist) 

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

The requirements for germination’, growth, and optimum production must 
be determined. : 

The genetic behavior (particularly gehetic variability and possibilities for 
selection and breedingJof ‘superior strain5 from w?ld po’pulations) must be 
investigated- 

:c, 73 .p ; 

Testing with.,available se$d- and forage-harvesting equipment and grain- 
cleaning equipment’should b%<&ducted in Australia. , . : 

Selected Readings _ 

Black, .J. M. ‘1643. Flora ‘of South” Australia. Part 1 . 2nd ltd. Government Printer, 
Adelaide; Australia. p: 72. 

Blake, S. T. 1938. Prdceedings of the Royal Societ), o.f Q.ueerlsland. 49: 187. 
Skerman, P. J! 1947. Bureau of investigation technical bulletin number 1. In The 

Channel CountrIp of‘ South-west Qireensland. pp. 71-92. Queensland~D~partment of 
. . Public Lands, Brisbane, Australia. 

1 Fesearch Contacts and Germ plasm Supply - ’ ., 1 
Department of Agronomy, University’of Sydney, *Sydney, New South Wales 2006, Aus- 

tralia (P. W: Michael) . . 
Director of Agriculture, Department of Primary Industries, William Street, Brisbane, 

Queensland 4000, Australia I. 
-Queensland Herbarium, Meiers Road, Indooroopilly, Queensland 4068, Australia (Ii. W. z 

vj Johnson, Director) 1 
‘ 

5 . 

. 
: 

Three promising species of Amaranthus” are largely neglected candidates for 
increasing protein production in developing countries. Amaranths are 

I’, fast-growing, cereal-l@ ,.plants that produce high-protein grains in large, 

*l. A;n’aranthtts ‘caudatus L. (Amaranthus edulis Speg. is considered a race of this -i 

species),, 2. 2ArrUv’anthus cruentus L., and 3. Amaranthls hypochondriacus L. (also 
known as Amaranthus leucogarpus). Family: Amaranthaceie. 

a r . ._I 1 1 a; I ‘. 
i . ” . d -* , 8 - a 



* : 

* 

sorghum-like seed heads. ‘Their protein-rich, Leaves are already widely con- 
sumed (a tropical spinach that can be hnrvested’many tinies a yearj. 

.Arralxses and feeding experiinents demonstrate that Amarantlms edutis 
grain is rich ‘in, protein and’ exceptionally high in lydne-one of the critical 
ar@no acids ~usually d’efici&it in plant protein. In .4marar7tJzus edulis 6.2 g 
lysine per 100 g protein has been measured.* This value exceeds that found 
in high-lysine maize varieties ‘(opaque-2 and floury-z) even in milk. It is 

i- about the same ‘as that fo;nd in soymeal. n r 
3: The seeds of ah. three species are high in protent. Arilarauthus hj$pochon- 1 

driaczrs seed. contams ‘about 15 percent protein and 63 percent starch. ,The ’ 
* starch is similar to the premium-‘priced starch of waxy maize.? 

I These amaranths are now cultivated as minor gram crops in Latin America: 
At!zarar@zts cazrdatus ‘in the Andean regions of Argentina. Peru, and,Boliga; 

c Amararlthro cruennts in7%uatemala; and* il ruararlthrrs l7i’pljctlondriacll.s in ,. 
; Mexico. They are. ancient crops, which .at the time of the Conquest were 

c ‘ major grain crops in ‘tropical ‘highlands of the Americas. Displaced by’ 
4 la,rger-seeded grains such as maize, they werk.relegated to secondary, often ’ 

inconspicuous, roles. Cultivation of Atuararztlzus 1.1?JI?oclzoi2driaclls’ w’as also 

P *,W. J. S.*Duwnton. 1973. See.S.ekted Readingi. . 
t Ibid. 1 

i 
c 
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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 t; Asian hill tribes, and their use ‘;s spreading 
into the plains of India. 

Amaranth grain-is usually p&-ched &id 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 ate 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 repoJted for Arnararlthus 
hypochondriacus cultivated in Gujarat State in India. 

MITATIONS AND SPECIAL REQUIREMENTS . 
P .s- 

‘The amaranths grown for grain are pale seedeg . The appearance, flavor, and 
popping capability of the pale seeds are best. Wild, dark-seeded varieties are I 
those generally used as potherbs and ornamentals; they are nbt suitable for 
grain.,,Dark seeds should be culled before planting 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 potherbs), oy I 

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

The huge seed heads must be cut when the seed begins to ripen.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 thei; dgp”-length responses: experimentation is 
required to find varieties b”est suited to a given location. 

RESEARCH NEEDS 
- 

Because of the importance of the discovery of high lysine in Amar&thtts 

) ,Q -. 4 
” 

edzilis, the composition land nutritive potential of varieties of the other 
Amkznthus 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. 
Partictilar emphasis should be placed on labor requirements, rotation 
and cropping patterns, and comparisons with other crops grown in thy same 



The seed head of Amaranthus hypochondriacus. (Rodale Pre,ss, Inc.) 
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study’ of the traditional cmti;ation, harvesting, processing$ . 
. . ‘?? / .:. .,., 

aranth$ in Latin America and,,Indias highkurd regions is ,. :; 
necessary. : 

a 
!L) 1 

Since seed shedding (shattering) is .a problem, an eff& should ,be made to . 
eties. \..‘>, , 

-, ,.I- ! 

he gnset of gra,m amaranth flowering depends ‘on day. 
_ RBces.l$r,oufd be selecteb for dqferent latitudes and : _~. 

.> “p, j :<. t ‘, : 

oids of- yield%re needed for different (agronomic tr*eatments 
\ / 

and% different, climatic regibns. 
_I,. Q 

.’ 
Seed size m:ay have imp&tant,influence on seed composition (for $&ample, . 1 

the ratio of husk to, endosperm) cyd’ hence o-r\ seea quality. $@I -size; I-.,. 
+ .therefore, warrants special agronomic attention. t ;a. I ’ . ,*v ’ * - .* ‘* ’ r . .. . .. P’ i 
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A staple of the ancient, Incas, and still a staple for millions, quin’ua* is 
virtually unknown outside the highlands ,of Bolivia, Chile, Ecuador, and Peru. 1 

I 

Its grain, rich in proteiri’ and containing a good ammo acid’balance, may prove 
to be a better protein source than most of the true cereals. q ., ‘_ 
= In the high Andes, quinua is primarily a food of campesinos and poorer .- . 

/ , @asses.; increasing, quinua production and #se could ?:mprove then inadequate 
diet. In particular’, the greater use of quinua in livestock-feeds would result in 
better meat production. In highland fropical areas outside of the Andes __I- 

.’ 
’ 5. quii-rua could prove valuable for improving nutrition, too. 

,L Although long used for human, consumption, quinua seeds have bftter 
-, . .’ tasting constituent&chiefly saponins. They, are in the seed’s outer layer and 

/ can be washed out in cold water. However, this method does not ass&e the 
uniform quality necessary for commercial distribution1 Recently, Bolivian 

i * 
‘.’ F’.” : breeders? have selected a saponm-free- variety, but widespread testing is just 

’ ‘- begighg.‘, .. ’ 
,L. “. .n ).‘.. 

_,. Quinua is a hardy plan.@ before the Spanish Conqtiest it was%nk’of few 
. native grams hardy enongh fo.r .the high Andes. Subsequently? it was largely 

* : 
.’ h supplr+nted by barley-a. 15s~ nutritious grain. An annual herb, qr$ua grows 

b-h 
’ l-2.5 m tall. It is cultivat’ed. a’t ,‘altitudes oE~2,500-4,000 m where;, with short. 

day length, the plant matur&;ti 5 .or 6 mon&,producing an abundance of 

* &ite or pink seeds in large ‘sorghum-like tiliisters,,’ T&se “nutritious seeds 
contain 58 percent starch? ,5 percent sugar, ‘12-i9’ percept ,prcitein*$ and 4-5 

. percent fat. 
k I. . I 0 

Quinua seeds “ae used in soup and groun$&rto flour.for <bread and cake. 

- 
‘ + . . “Although. quinua grows in $hort day length,aool climates, and 

> : high altitudes, it is varieiies &NJ-. be. created .for other 

.I Raceshave ,been catalogued, va and fertilizer trials have been conducted 

sapomn-free variety (cross-br{d and selected at tl&datacamaya Expeiime,nt ” ‘B i 
Station; see Contacts 

/ h& shown no deleterious 
e 23) is called-@ma. It requires no washing, . ,~ 

irk’ food d;“r axiimal feed, and js n,ow being * 
field tested in-the Bohviti {nd~~eruvian atiplano. 

’ ,\ 

2’ /,, *: t 
r .. ; _ _ \,\ 

,: . j ‘\ 
* ~ _II *Chenopbdium quinoo Willd. Alsd known as quinoa. Family: Chenopodiaceae. . / D * ‘\ 

! I : ,I 1 / II 
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Quika. 
(A. Bacigalupo) 

b 

I-$vksting quinua in hivia. (C. B. Hbfser) I ‘:. ,’ 

*s e 1 ,I 
. . 

\ 
t 

-> ” 1 (O”“‘.- 
- ,Two rela~~dT?z&m~adium sp&&s are also cultivated as fdod.pkmt$ in’the ’ 

Americas: CaiXhua Chenopoditim p$lid&au?e and 
. . nuttaliae. Catiua Chenopo;dium p\&dicaule 

ukzantle Chenopodium 
b an’even higher protein 

content than ‘quirma and gmws,at hi&er elebation; in the Andes of Peru and . 
Bolivia. It is a potektial crop plant for extreme hi@lands in’other-par.@ 6f the 



/- 

/ 
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~~NDERE~~LOITEDTR~~LCALPLANTS 

” world. However, it has low yi$d, is omy a semi-domesticated plant, and will 
need much experimental work /before it dan*fiilfill its pbtential;~ - 

Huauzontle Chenopodium tuttaliae is cultivated in south eentrsl Mexico,- . 
at altitudes of 1 ,FOO-3,000 m, largely for its l’o&er ,,@usters (which are used as 
a vegetable), although severa strains are grown as grains. Protein:analyses of 
the available varieties should precede attempts’to encourage wider cultivation. ’ 
This species will hybridize with, quinua, ?which, suggests “the+ pozsibility of 
improving both. L ’ s ‘I 

*\ .- . . Lrm.TATIoNs AND w3xIA~ J~EQWZEMENTS ' ':.: 1 
I, ." 

No intensive res!arch on quinua cultivation has been done: growing methods 
j’ have changed imperceptibly during the past four centuries. 

1 Saponins could be a blessing in disguise; their bitterness may deter those 
insects and birds that- are normally pests in gram fields. Perhaps this ,is why 
strains containing saponins have prevailed. 

I , ^ 

_’ If riot removed, ‘saponins adversely affect the taste and digestibili&of 
.quinua%ased animal feeds. , 

I h. a. ‘_ 
. 

‘ Quinua varieties shovv highly variable protein”content. The P&camaya 
’ Experiment ‘Station has v+rieties with 16, 17, 18, and 19‘ percent~.pro@n;~ 

* 
1; \ I ‘4 

RESEARCHNEEtiS ..* -'"! I 
/’ 

: 
. 1) 0 * d 5 

Collection of seeds frbm all quinua~ varieties grovvirrg throughout the,.Andean 
region is necessary. Safely stored in a seed bank the seeds could provide the 

t, for trials in new locations, and 
d*mgprogram.,L:,.~ * 
o find saponin-free, .high-yield 
and good a&no-acid,balance. A 

ua“varietieS. with the highest 

cific’ and interspecific cross-breeding should be attempted. In 
erous races of cultivat,ed quinua, wild or weedy types are - 

r example, Chenqpbdiuy quinoa var. nzklanospermum). , 
may offer ‘usefql genes (for ‘example, for disease 

quinua and huaiizontle show reduced fertility., 
uld prove possible to transfer ge’nes from one ‘I I 

P 
s a’ pest deterrent should be evaluated. It 

ecologically) to mill .out the saponins 
during the growing season. 

h. .( ‘: j. 
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- Selected ‘Readings , 

. 1964. Injestigation of the food value of quinua and’cakhua seed. Journal 
ience. 29:872-6. 

J. Rea, and I. A. de’ Viscarra. 1970. Bibliografia de la Quinua y la Cariihua, 
bibliogrifico # 13. Sociedad de Ingenieros Agronomos.de Bolivia (La Paz). ,2-‘-l 

Gade, D. W. 19701 Ethnobotany of caiiihu_a (Chenopodium pallidicaule) rustic seed crop 
of the Andes. Economic Baany. 24.155-6 1. 

Gandarillas; H. 1968. Caracteres botinicos ma: importantes. para la clasificacion de la 
qdinua. In GConvenci6n de Quenopodiaceas. Primera, Pluto, Per<, Noviembre 5-8. 
Anales. Puno, Universidad, Facultad de Agronomia. 

Gandarillas, H. 1968. Estudios de ,Herencia de la .Quinoa. Boletin Experimi$al 35. 
Minister& de Agricultura, Division de Investigaciones, Instituto Boliviano de Cultivos 
Andinbs, La Paz,. Bolivia. / 

GandarilIas, H. 1968. Razas de Quinoa. Boletin Experimental’ 34. Ministerio de 
’ - Agricultura, Division de Investigaci.ones, Institute Boliviano de Cultivos Andinos, La 

Paz, Bolivia. 
Leon, J. 1964. Plantas Alimenticias &zdinas. Boletin Tecnico 6, Instituto Inter- 

americano de Ciencias Agricdlas, Lima,-Peiti. (Probably the best general reference; 
has extensive bibliography.) - 

~ c 

Nelson, D. C. 1968. Taxonomy and origins of Chenopqdiurn~quinoa and Chenopodium 
nuttaliae. Ph.D.. Thesis, Indiana University (Available from University Microfilms, 
Ann Arbor, Mi&igan, USA. Order number 69-4792). : 

Simmonds, N. W. 1965. The gram ,chenopo?ls of the tropical American highlands. 
Economic Botany. 19:223-34. . 

White, P. L,, E. Alvistur, C. Dias, E. Vinas, H. S. White, and C. Collazos. 1955. Nutrient 
+ content and protein quality of quinua and caii’ihua, edible seed products of the Andes 

mountains. Journal of Agricultural Food Chemistry. 3 : 5 3 l-5. 
: Wilson, H. D. 1974. Experimental hybkdiiation of t$e cultivated .chenopods (Cheno- 

_ podium L.) afld wild relatives; Proceedings .of -the *&diano; Academy of, Science 
.(Abstract) 82. Availabfe .from author, address below. 

.’ 
. 

-:_y -Research Contacts ind Gkrm~Plasm Supply ‘:’ , . ’ ‘, 

IDRC Regional Office,. Agrkul&ure, Food and Nutrition, Sciences Division, Apartado 
Aereo $3016, Bogota,.-D.!E., Colombia (E. J. Weber) ’ np 

Instituto Boliviano. de.TecnoIogi\a Agropecuaria, Casilla 5783, La Paz, Bolivia (S. Rieia- 
G., DireFtor Ejecutivo) ‘li- - s 

Insti.tuto k$eramericano- de Cienciay Agricolas bEA;...Andean Zone, BOX 478; Lima, 
‘. / * .& 

f P&t Biology; Department’ of Biology3exas A & M University, College 
,Station, Texas 77843, USA (II. D. Wilson) z 

Ministerio de &untds Campesinos y Agropecuarios,’ Biblioteca Nacibnal Agropecuaria, .- 
La Paz, Bolivia + . : 

‘Plant Genetics Resources CenterFCATIE; Tursialba, Costa Rica ‘(J. Leon:Head) 
M.‘Tapia;.Casilla 6057, La Paz,.Bolivia 
University of Lund, Lund,,Stieden (R. Carl&n) * 

~- Universidad Naci’onal Agraria La Molina, Apartado 456, Lima, Peru (J. de Albertis) -. “a I 0 ‘r . 
i. 
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Tostera marina* is (a marine flowering plant that grows in shallow seawater. FI 
1 It is one of the ‘few plants that. grow and flower fully submerged in seawater. 

When ripe, the grain-bearing part breaks loose and floats to the surface where * fl 
it drifts to the shore and can then be harvested. Although little is known 1 

about the use of Zostera marina as a’grain crop, it yields well in warm, cle;?r, 
sun-drenched water. It holds potential as a food crop that, ‘can be grown $-I 
tropical estuaries around the world. However, almost nothing is known about ” -> 

A Zostera marina as a crop ‘plant and only exploratory, small-scale research is , 
warranted at present.” :” 

; 
-_ . t . 

- The ,,.vnly recorded case in which -the sea has been used kor grain 
production is that of the Zostera marin; harvested’ by Seri Indians on. the f - - 

~ ’ 
West Coast of Mexic0.t The Seri Indians prepared Zostera.marina gi+ by ‘Z . 
threshing sun-dried plants with wooden clubs and loosening the fruit by 
rolling the seed heads between their pslms. The product was winnowed 

0 
8 (tossed in the air), then the grain was toasted, rewinnowed, and ground into 

flour. Cooked in water into a thick or thmgruel, the flour has a bland flavor; 
Traditionally it wab combined with other food, usually sea turtle oil~or .. 
honey. ‘5 JP 

The plant is native to the coasts. of the north&n hemisphere from’ the> 
JL . subarctic to the ,subtropic. Related species occur in the southern. hemisphere. 

The grain derived frotn Zostera mapha i&3-3.5 mm long and 1-l .5 mm in 
diameter.-Like wheat flour, Zostera gram flour is relatively bland and can be 
variously flavored. The one samplr+]‘analyzed to date shows its’ protein and 
starch contents compare favorably with those of wheat; rice, and other 

I. gr&rs;: 13.2 percent prote&&..t).9 percent, starch,* and 1 .O p&cent crude fat. 
The leaves of Zostera &zti&‘may also prove valuable as fodder, thatching, 

or -packing~material. The foliage i’s an important food for some sea turtles and 
water fowl. An important shallow-water, mud&at stabilizer, the plant helps 
to sustain the productivity of estuarine and other coastal areas. %. 

I* ’ I . I 
ATIoNs AND SPECIAL REQUIFtEiiENTS ’ c- ‘i 

ransplantation and seeding experiments are under way,, and sbme 
cultivation w,ork exists; little is known abou+?tlie propagation or 

-. r p ’ product@& .of, these plants as a crop. Even among the Seri Indians, only the 
,“L * elderly ,,know about its traditional use within the tribe.. Thus, even the 

limita&ns and special requirements of this plant are now-unknown. _ ̂n 
$ _, - ; 

@ @ ..~ ..~ e e 
*2oster& mizrina.v41so known as eelgrass. Family: Potamogetonaceae. *2oster& mizrina.v41so known as eelgrass. Family: Potamogetonaceae. 
tFelger aid Moser, 1973: See Selected Readings. tFelger aid Moser, 1973: See Selected Readings. ‘ ‘ 
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A S&i Indian woman at El Desemboque,~‘Sqnora, Mesicb, winnowing the grain from 
Zest+ moi;;ilza hhryeskd from the sea. n&$y. (R. S. Felger) . . .’ 

‘W h );,. ,-’ 
.’ 

~ESEARCHNEIEDS. L 
.' - 

.'s 4 , . 
‘Keiearck on botfi harvesting proc 

i Zoitera marka seeds is needed. G,,,p&-scale collec’fions should. be made for 
a$ysis and general experimentatjdh. 

! 



; Attention should be given t: the teiriperature tolerance and day-length 
qquir~r$en$s of varieties from I ditferent areas. Attention should also be given 
io certain tigoious, wide-leafeg-varieties, which may’produke higher yield+ c -. 

‘, 

? s , Sele5cted. Reading: 1 .’ \- 
.. \ 

i- ./ 
. j I P Felger, R. S. i975.j$21utriti0nally si’ 

de’sert.‘-‘9~.P~io~rities 
ificant new. crops fog ,arid,,ypds: a.model from the, 

‘I Soq&an in D@v@lopit;g Countries, ed. Je’an 

~ &lay”er. Vbl. II, Section 16. U‘njted- Nations Childrc?‘s -Fund, New Yoik. (drdcr 
=Ntmber: E/!CI$‘/~.1328.) . ’ L’ 

! Felgei, R. S., atid C. fi. Mkl?oy. 1975. Ssagrasseg as potential food plahts. In Seedbeahg 
Ha!o@ytes-- ra’s ‘Food Plahts;--Proceeditzgs of a Co!zferqrzce, ed. C.. Fred Sonxxs. 

.” 
) i’ Del-SG-3-75. pp. 62-9. College of M,arinZ Studies, University of Deliware, Newark, 

: , ,’ 

‘1 * 
Moskr. 1973. E&>~s,jZostera marina f.) ,in the Gulf df 

qf its nutritional value by .thc.Seri Indiaqs.,Sc@ce. lS1:355-6. 
. ‘den H’artog, C. 1970. The Sea (Grasse,s of the Wo&L North-Holland Publishing Company, 

.I Amsterdam. -, T 

:.. Iv$Roy, C. $.,-and R.8 C. Phillips. 1968. &ppler;entary bibliography on eelgrass, Zostera 
-. c.1 ‘. tIiariua. U.S. Fish qnd W$dliJif Serflice Specinl Science Report Wiidlij”e 113. 

L i @&nmEnt Printtng Office, Wasitingt&i; D.C., USP. ,, 
’ ’ I%iIlips, R. C. 1964% Comprehensive l%bliography of Zo:tera tmri~za. U.S. Fish and 

m WildliTe Sqrvice‘ zpeciql Science! R6@rt Wildlife 79: Goyernment Printing Office, 
#C Washineton. D.C..‘USk. j1 <,I’ * ,I 

-ii 
Research Cdntacts and Getrn Plash Sk~pply L ” ,.: . . 

Arizon&onora Diicrt Museum, Rout’c 9, Bos 900 Tucsdn, Arizona,85;04, USA (Ii. S. * 
Felger) */ _’ c. 

Department of Botafly, Seat@ P&c College,‘%attle,‘,Washington 98119, USA (R., C. 
_, _-. _* Phillips) 

Institute of .Marine ~ Science, ‘Universjiy of Alaska, Fairbanks, Alaska 99701 (C. P. 
McRov) 
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All othei parts of the @Iani are als6’used: offsets for the next planting, the 
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A Colombian farmer among rows of gracac’ha, a crop fpr highl~d &gions. (I;. Miguitia 
Mufioz 1 



_ .e--, 
- . 

1 



Y_ 

” Arracacha cultivation shouid be tested in the highlands and hill country of 
fi East Africa, Central Africa: India, Southeast Asia, Neti Guinea, etc: Some. 

remnants ,of’ old introductions may still exist’ in the ~highlands .of @n&l 
America (e.g., Guateymala) and the West Indies (Jamaica., Cuba, and Puerto 
Rico);.local agronomists. should investigate. Given some research attention the 
remnants may. provide material for arracacha improvement and expansion.., . 

-L%‘eie. direct testing .of the environmental tolerances of ariacacha. has been a 
, I .-‘; conducted; study of the ‘latitude, altitude, .temperafure, soil type, -and . 

moisture requirements is’ needed: A. study of ,pathogens ,infec&g arracacha . 
,-should. also be mader .2’ 

Three varieties of cultivated arracacha (disting&hed mainly by the color 
I of. the-flesh of the roots) are known. Wield varieties may exist in the Andean 

region; they~ sh-ould be sought and preserved. No analysis of the relative y 
nutrjtioi-ial and agronomic merits of even the existing varietieshas been done., 
Research on this is needed. ,,, a; ’ 

* .. .a > 
I 

1 ,a? . I 
‘- . .. c’ ‘, 

~~Constance, L. 1959. The South American species of Arracacia (UmbeIliferae) and some 

related genera. Torrey Botanical,Club Bulletin. 76139-52. ’ 
Hodge, W. H. 1954. The edible Arracacha--‘a httle known root crop of the Andes. 

Economic Botany:8( ); 195-221. 
.- Higuitia Muiioz, F. 196& El cultivo de la arracacha en la sabana de Bogoti. &&~lti~~~ ? 

Tropical. 24(3):13946. 
Higuitia Munoz, F‘, 1969. Comparative yield of nine s ofArracacia xanthorrhiza. 

&#cultura TkopicaL25(9):566-70. Field Uop Abstracts. 24(1):101,5. ,. 
Leon, J. 1967. Amlean tuber and root crops: origins and variabiIify:Proceed&zgs First 

‘v Intefnational Symposium.. Tropical Root Crops, 1 Pt. 1:,121. _’ 

Ray, D. E. 1973. TPI Xfrop and Product Digest No. 2: Root Crops. Ti&icaI Products 
’ Institute, London. (Available from Publications Section, Tropical’Products Institute, r 

56/62,Gray’s Inn Road, London WClX 8LU, England. Price, tl1.50 plus ,postage.) 
- , c 

.. ‘k. 
; 

I : _ 

1 .kesFch C&&s an& Germ k&m Su&?k~ i , 
Botanical Museti$ Harvard University; Oxford Street, Cambridge, Ma&husats 02138, 

USA (R. ‘E. Schultes) “b 
--;-W;-II&~; 3~C‘ayugaVk~ Rd., Trumi&br.irg, NewrOTKl4886 USA * 

%t - . 

Instituto de Ciencias NaturaIes de la Universidad National, ‘Apart ado 1$535, Bogota, 
Colombia (A Fernindez-Perez) 

Institute Interamericano de Ciencias Agricolas OEA, Andean Zone, Box 478, Limi, Peru 
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‘Great eff@t’has beeni%eGoted “t.6 introdu&rg Ad adapt& fhe potato totlie : ‘ 
.,A 

l&knd tropics, whi4e indigenous ,tropical root crois have been largely . 
neglecfed. C&oyams,* native to the Americas~ are already,idapted PO tropical 
cc$&ion&nd have, been s!ccessfully introduced to other tropical regions, 
e”spec$.ly :West Africa: Therea ‘3040 cocoyam species growing , 
randomly throughout the f$e or six are important sources ’ \, 

“’ of e”dibl~‘pro,ducts, Des ite thei: adaptability, acceptance; and cornrner@l 
_I \ 

food v,alue, $coyams4 4 ave received little attention by researchers. Con- -’ . .~__ 
. . * sequently] their potential is not being rea@ed, and their use is dechning. . , 

‘.._ . . 

Much of the pot!enti& of cocoyams lies in’ commercial (rather2 than 
subsistence) production. ‘If a&onomists’ select high-yield, good-quality culti- 
“vars, and develop a fechnology for! their intensive cultivation, cocoyams could ’ 
become a major .tropical food cro’p. Their future depends particularly on 
reducing production costs, possibly by mechanizing some df the cultural 
practices. ‘- 

Cocoyams have’ a centr’aJ tuberous_.root (corm). surrounded by smaller + 
pot&o-sized tubers Qlcwels). only the cormels are normally used for human : ‘* 
consumption. The &I?& are used for animal feed and for replanting. &pabl> 

‘, of yielding 30-60 tons of cprmels $er ha, coccryams canbe grown in various . 
types of soil. Like potatoes, the. Cormels may beti boiled-, baked, carboiled, 

I” ‘fried in oil, or ground into ‘flour. Jr-r West Africa, freshitubers are ground (to 
: ’ produce fufi) and, used to en$ews and soups. (i 1 1.. 

q- I>. 

The corbels- compare potatoes$r nutritive v&e. They-contain 2-3 
percent protem (fresh weightj but are deficient% lysine, methionine and 
cyst$ne. Rich in minerals and vitamins, they are palaiable energy foods. The A 

,, tender leaves and shoots$re a ntiritious, spinach-like vegetable. ‘( * 
Some cocoyam varieties yield a cormel crop in y little as 3 months, others ’ - 

6 

. . in JO months. Cormels can be hkvested iridividuallyas each matures, or they ,’ 
can be left until all mature and then harvested simultaneously. Some cultivars 
(in fairly dry soil) can be left’ in place for as long as 2 year.s without the. 
cormels deteriorating. Harvested cormels can be stored in ‘a cool, dry place for “; 
2-3 months with little effect on quality. 

i 

Cocoyams grow best at :low to medium altitudes in the humid (frost-free) ’ - ’ 
is well suited for . 

-__ 

-1 I . 4. q\r. P 
*Xanthosoma sagittifolium, X&thosoma viokkeum, Xanthosoma brasili&$, L&&ho- 

_/ soma atrovirens. Also known as tad, tanier, yautia, new cocoyam, etc: Family: Araceae. ‘. i 
*. 3. 7 

., # , 
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distributed throughout the year. In areas khere the rainfall k;inad.equate they 
can be grown’ under irrigation. 

Cocoyams can, be grown within,a wide temperature range, but do best in 
an average ,annual tempeqatwfe of about 24°C. They are relatively disease- and 

“pest-free:. The; most common diseases are soft-rot anderoot-‘iot . Care must be 
taken to. avoid bfuising the tubers during harvest; otherwise they are~li~ble to 

ijLrot instorage. .- -‘. S z? ,, : 
i . 9 

; I+IMITATIO~S‘AND SPECIAL REQUIREtiENTS 
, I, 

: Ekcause virus diseases can devastate root crops, extreme caution shoq d’lje 
exercised and quarantine‘ enfok ed when Cocoyams are ‘introduced 

/ 
I”. ,: 

$01 new 
areas. @ r ,p’l . :\, 

.Cocoyams Bequire abundant and well-distributed rainfall. Where prolonged i 
-droughts occur they are not likfly to flourish unless irrigated. ^ . . 
L Like most root crops,,cocoyams have specific‘soil requirements. .?; 

.: ‘: . I. ’ 3 ; e’ 
0.’ ._ ,, L 

Cocoy’am ro& arid the ‘edible c6rms Jhat surround them.’ Individual corms can be 
harvestCd& shown here by the stump qisible in the’ ce of the roots)*le?ving the 

._ plant in the ground for the others to mature. (D.’ L. * 



\ 

P i .I v&ion, pest and disease problenls can be expe$ted t~~incrt?ase i/J. scvt:ci,ty,:rYl’ , 
9e ‘. -” ~ , 1 ,\. $ ‘1 j . t 9 . : i 

.’ I RESEARCH NEEDS c ./ c E \\ . * \ . , -.-A -., ~~ - --__ ._~ -r --- 
P ‘; Many Focoyani varieties eXist and tiley differ widely in yield, adaptat.ion to -’ 

cork ,size, palatability, and starch 
must” be cillecte&frbm many tropiCa regions and 



culture Experiment Station, Rio Piedras, Puerto Rico,) .I 1 ..---)--- F I. 
Coursey,~D. G. 1968. The edible aroids. World Qops. 20(4):25-30. ’ I 

‘Coursey, D. G.:-and P.--H. Haynes. 1970. Root &ops and their:potential as’food in the . / 
’ tropics. W0rZd Crops. 22(4): 26 1. il ‘. i>, 

de Albuquerque, MI, and ,E,. Pinheiro. 1970: Bserosas Feculantas. Seke: Fitotecnia. 
i(3):33-47. Institute de Pesquisas e Exparimentkao Agropecuarias do No&(Now: r ’ . =’ 
Ckntro de”-Rec,uros~Naturais de Arkknia, B&m, ‘Par& Brazil.) -’ 

” Irvine, F. D. 1969. Xarrthosoma. In W&W African Agricudtu~e 3rd Ed. .Vol.., 2: I@sf~ :j 
African Crops. pp. 177-9. Oxford University Press, London. 

Kari.&ui, S. K. 1971. Cocoyam cultivation in’Ghana. Woz%&cFops. 23(3): 11.8-22. _ 

Kay:‘D. E. ‘1973. TPI Crop and Produ.ct Digest No. 2: Root,CZop& Tropical Product ( 
Insfitute, London: (Ava&bl,e from: Publications Section, ,T$opical Products Institute’, ,j z 

1, 56/62 %ay’s Inn Road, London WClX 8LU, England. Price ~1.50 pluspostage.) a 
Morton, J. F. 1972..Cocoy%ms’ (Xanthosoma baracu, X.. &rovirens, and X: n&ens), i 
f ancient root and leaf~vegetables gaining in economic importance. Proceedings of!’ ‘, 

“Florid; State Horticulture Societj,SSZ85-94. . ,,, -. I 
Praqziin, 3: Y.., and H. C; Miche. 19.71. E&i de conservction‘de tares et macab& au’ 
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Superior varieties should be field tested “together (under. quarantme) to 
deterrr@e ‘performance &rd ,corrnel . quality. I&& the genetic .variability 
,available, and the’~simplicity of clqnal sele~=tion,,varieties with increased yield 
and quality and higher protein levels must be selected. 

Many’ (or most)‘co~oyam plants aret infected by virus. Although.noj fatal+ 
to the pk-rt, the infection does reduce yield. The virus is found in the corms 

. 

and cormels, so’plant~g them transmits the virus. But reproducing cocoyarns 
by seed-g+erally ., thought I to be impossible .but recently shown by 
researchers.‘at~the$niUer&ty of Florida1 (see address below) to be eminently 

-feasible-produces new’,plants that.-are virus free. The modern technique of. ‘.’ e 
tissue ,.culture also promises to remove. the. infection.. Once virus-free 
~ocoyarns are obtained, ,A, certjfication program and strict quar&tine will be , 

“-needed to avoid reinfection. 
Other agronomic Factors requiring research are shacing fertilizer, soilland 

water requirements, pest tid -4eed control, and a compleie study of- the 
physiology of tuber formation. :, 
. l$.n,ritional research is also needed because nothing .is‘ known about the 

bio~ogical’value of co,coyarn protein or -the digestibility of the starch. 
’ Research is need&at0 industrialiie~~ocoyam products. The feasibility of 

producing fried cocoyam chip&and flour op a commercial kale should be sB 
mvestigated, . I I ’ . /’ 2 t ,.” . . :. ’ I x -,- ,‘. iRi . , .q 

‘.W : .3 

_ S&&d ReadingiL 
?F I“ ,. ” 

2 ‘2 
, Abrusa-Rodri’gues, F., E.E. Boneta-Garcia, and J. Vicente-Chandler. 1967. Experimen$s 4; 

on. tarrier production with corzzervation,m Puertp Rico’s mountain’,region.‘Jourzzal of . / 
f A&ricultik, U?@etxity of Puerto Rico. $1(2):167-75. ‘(Available ,from The Agri- I)! 
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P’ F., and G. w. Miskimen. 1967. Ifeieiable ,,Gardening in the Caribbehrz Area. 
ure Handbobk No. 323. pp. -77-79. “US. DepartmeAt cof Agriculture, 

0 re, Research Service, Washington, D;&, USA. I 
,’ P 

cts and Germ .P!asm Supply 
., 

Staiion, Bos‘H, R’io.Piedras, Puerto Rico 00928 (H. Irizxry) 
arch and Edilcation Center, Univei’%#ty $f’Florida, 18905 S.W. 280’St., ’ 
lorida 33030: USA (R. B. Volin) ” 
lant Patholbgy, University of Flori$, Gainesville, Florida 3 26 11, USA 2 

, Trinidad (J. A. Spcnde) ; . 

I ’ 21 \ ‘.. ‘I. m 
-grown; its tuberous roots are rich in &arch a&, like 

oilid, baked,. roassed, or fried in oil, However; only in 
certain. other P&ific;,‘and Caribbean Y 
crop. With increased’- research and .’ 

ropics, taio, with its exceptional, yields 
%oiild help overcome foo.d shorta&. It has 

terlogged regions and for coastal and 
ause some cultivars are highly ‘salt- tolerant). ,. 
usually has one central dorm avd 6-20 splieri’cal ,corrnels - 

and ‘corrnels are eaten. They *ars often used as rice 
tid Asian countries. From the flesh, which is usually % 
e, nutfy flavor, a flour similar to potato flour can be 
cuits, ‘bread, beverages, and puddings. Easily digested, i 
in baby foods, hypoallergenik foods, and as a cereal 

or victims of celiac disease. In Hawaii*, tafo is m$de into ‘- 
O&I boiled, mas+hed corms fermeoted a &%y or so. It is also 

k- 
Low in ,protein and fa*t: .taro is essentially 4 carbohydrate food. 

Nutritjonally it compares favorably w,ith other ro&’ ‘irops-casqva, yams,’ ’ 
D ; 

‘, -1~ 
*Colocasia esculenta (L.) %hott (sometiAes called Colocakia antiqupmm.) Also kljlown 
as old coc’oyam, dasheen, malanga, tania, tanier, tany B , elephant. ear.‘,Family : Arac$ae. 

\ ~ 
: -, \ , t 

I* ,? 
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d 

i -. 
‘Tar0 corm surrounded by; the edible tubers. The variety -shown here is the disheen. : 
-‘(U. S; Depp?men.t of Agriculture) ” .I * . *’ - *.: 1 : , 

Irish potato; Sweet potato-and with cereal+crops, especia,lly rice. It is a go.od 
source of minerals: Calcium, phosphorus, and vi&nins A, and B. Taro leaves L 
and petioles ctin ‘be cooked and eaten’ like spinach. They provide protein, 

. calcium; phosphorus, iron, potassium, and vitamins A, B, andC. 
-x.‘-“‘.‘?L’aros are adapted to fl-ooded environme& and, like rice, can be grown in ~ . 
paddy .cultu‘re.’ Under paddy they are-,,grown in all soil. types. ,?hey gr’ow 
.rapidly if fertility and water 1 
months ifter $Bnting. 

evels .a$maintained; the corms mature 5-18 
i * . 

I ,T’ .* r *L 



I <- e. a 

Taro~ar&q, wegterll- Sahlda. Her6 t& crop is’being gown under dr;-land conditions. 
.’ (.D. J. qluck-nett)‘ :‘- :’ j _ ~ 

b 
r ’ =Y ’ 

\ 1 I 7 .i I .- .* 

I 

In marshy aieas such as this in Hawaii, tar.o”is grown ljke rice under flooded paddy 

conditions. (l&L. Plucknett) , ., ’ . . 
6‘. * -)\. J 

b 

f 
: 

9 
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\ 

.- Taro can also be ,,growrlf in dry, ‘upland areas if’ water is -provided by 8 
irrigation- or by rainfall (mulching may be needed to m@ntain high soil ‘* ’ 
moisture). Grown “dfy” ‘the best results are obtained on deep, well-drained, V F 
friable,(patticularly alluvial) loams. % 

The plant responds well to intensive agriculture: land preparation; 
L planting, and harvesting can take place during all seasons.. A field may often - “’ 

have taro plants in various .stages of maturity, and’ the grower can also sell * 1,” 
them year-round.& they ’ 
iI After harvest the for upYip 3 months, depending on 
var.ieiy . - . 

In Hawyos have a high and profitable yield. 111 the island of Kauai, * 
2.14 milhon kg of corms have been produced from only 69 ‘ha. In 1969, the _ . 

.Y ,,;,i ‘ prices paid for raw’ corms ranged ,from 17 to 20 cents/kg. From an average .. 
,yield-of 22,400 kg/ha the gross income ‘per.ha was jalmost $4,OQO:* 

P i -* 
:> ; Several taro types, characterized by numerous, symmetrical, smaller tubers. 

f. - 
? 

‘ - called da&e@, are grown-in dry-land agriculture. Although popular in China, 
Japan, and among Asians throughout the tropics, ‘dasheens are _largely 
neglec-ted plants. With high yields,.high nutritpe value, and superior keeping k 
quality, they have great unrealized potent’@. Grown either rain fed or / 

s irrigated, dasheens mature more rapidly than paddy-grown ‘tar&ar$l (*yield SC ) 1 
I less. They grow best “m loose, water-retentive, clay-soils. Usually pl’ahted at i 

the beginning of the “rainy season, 
I\ 

they &n,. if c&fully, managed, be”. ” i ‘, 
prodtried< year-round. Dasheen shoots are Japanese,and, j .,: 
if canned,, they offer tropical qountries a ’ ,A L , 

.i 

0 LIMITATIONS AND SPECIAL REQbIREME-NTS 
: 

decreasing. .’ ’ ” 

;. “/ / -.- .‘ ’ ‘. I ./ 
& L 

’ *Plucknett and de la Peiia. l,&$,l. Sec. S&c&d Ready&s. 
..\’ 1 .’ ,’ > 



:’ 
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ROOTS AND TUBERS s ’ .- 

,’ 
* “;-: ’ 

41. (. 

Water control is absolutely necessary.’ Upland taros and dasheens:require 
wellrdistributed, _ year-Lourid rainfall .-(or substitute irrigation) and”~:a along 
‘growing season. ’ 

If stored, corms must ,be kept dry’and injzry free. Dasheens can be sto’Fed 
at 10°C ..for up to 6 months. In Egypt taros are stored at 7°C for more than% +: I 

,:’ months at’a time. SolomonrIslands. taro corms cannot be stored; decay begiris _j 
within q week of harvest. -*.* . . , , ’ 

I 

,Phytopathogens sucli as dasheen r&3&. virus are widespread among taro: -“\ 
Removing the .pathogens will gi<e an immediate ‘increase. in, yjeld. Repro- 
ducing taro by planting corms and cormels ~&‘o..trmsmits the infection, but 
two avenues promise .to produce virus-free pfan.ts-tissue cult$re and ’ 

. reproduction via’,seeds. Taro tissue culture has been~;successfully accomplished ’ 
in Hawaii and offers d ppe for clearing cultivars of viruses. Though taro will 
flowet and set seed,’ there ‘has never been a breeding program eit%er for, . 
removing pathogens- or for genetic improvement. Once pathogen-free taro’is :’ ? . < ‘. % G ,, + I. . , , -. . .- 

; 

.c 

tar0 ,, weHierp 
(D. L. ‘, Samqa. 

Plixkni :tt) 
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c, .$ . 

obtained: a certification program and, strict quarantine will be required to 
maintain it:’ 

1 0 
/. ‘\ 

In Hawaii: tar6 and dasheen &ieties are well known., and prqduction 
techniques well .$veloped. ’ The U:S. organizations that’ fund technical 
asSisttince should wpport efforis to distribute varieties and d&en&ate 
informatioti ab ta,r<s and da&x& thro’ughout the tropics. 

T?rQ p>odu n meust de mpdernize 

h 

’ mechaniiation, crop Ganagement ,‘ 
systems, ‘and &ed control are the m&t critic needs,. Mechanization in the 
paddy &W.ron&kht offers engineers a great challenge. Mechanical methods ’ 

_, for planting taio aie”&dly needed. Planting on ridges is a possibility (it also 
stiplifies--water control and harvesting). Mkchanical hariesting is even more 
tihallenging. Ultimately it may prove ne&,s&y to drain and dry the fields .- 
before -mech&ical harvest. Adapting s$a!l, hand-propelled rice cultiva$ors ixas 
brought some. progr& in mechanization JO Hawaii. * Upland taro mechaniia- 
tion is in its .early ,stages, but it, can <be done”(bn a plantation scale) usipg 
modified tomato transplanters and po&to diggers, 

.t: 

.’ Research on virus diseases of taro is critical. The virulent virus ii>+jew 
Brit.ain and t,Fe‘ Sblomon Islands” is under study (at Malaita; see-l&earch . 
Cdritacts), but increased support and effort is essentjal to prevent its spread 
to new a;eas. - ..2 -- 5 * 

The pathogens r+esponsible for decay of stO;ed’ctirms have been identified; 
4 

research is needed on the use of fungicides and other*meth6ds to combat I_ 
,them. 5. ,- e_ 

The development of .‘proce’ssed tarp food products that could..be “used .in 
hypoallergenic specialty foods would stimulaie interest in-the crop.’ . 9 ~ 

-Basic botanic and agronomic &nowledgk of dasheens. is inadequate. $luch 
more research is warranted. Collection and evaluation of dasheen varieties 
wduld be an .imporiant fist step. Cultivars’must be collected and conserved 
to prevent their loss. D, I 

* rg. 7- .1 
Sek$ed Read&s , _ ” b7 

Bar&; J. 1953’. Tare (&-I, annotated,bjbliography). South Pnci$c Commission Quartzrly * 
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..+nerican Horticultural Society, CaribbeiiLRegidn. 5 16-26 
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.D. L.~Plucknktt, Deputy Dirbctor; Board for I%ternationaI Fbod tid Agriculture Deve!- 
opmeqt, AID, Washington, D.C. ItO$t.Ef, USA I 
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1 shade shrub, is a. sdurce of nukitious 
tle .maintenajce (for.ex&iple, the ioil , 
reduces ,large arn&ts of greenery.for 
ally in Pue;‘to E&o have outgrotin and 
.<* . 
ften seen $s.-&dge’s in Mexico and 
ickets‘ or,‘open4for@ (oft& iti rocky 
3lEre ( are ~wt) f&i?is: C~zidosColus 
lards from southern Mexico t6 Costa 
rn as a- hedge ,or dooryarh ljlait’in-the 
, British HoQduras. Cnid.osc&s chay- 

ida and Cuba, but ,seem$ nbt :to hgve I 
1% .;r . 

aves are cooked and eaten h&e. spinach. ., 
n,’ calciurrq I-‘iro.n, carotene, thiamin&; 

They are probably suitable for- carmirig 
ets, but this hsnot yet:be\n attempted 
ie Bests.. and diseases that &agile -green 
;, an i&ort+m ecoriomic and ecological 
an’.Fapidly defoliate it (but ‘the. plant! 

n’. ‘b -. 
l,$nrttings, arid koody *stern section! 
ijroduced w@hin 2 br 3 months, @catis{ 
it is easily pruned and main:tained withir 
&rate heavy rainfall *and. respond wjti 

lerated, and plants recoverytiell when thl _ .i ~ 



Freshly plucked chay:~ leaves. Befmc ,being eaten tliey are.boiled in wale; and beuonle 
tender. but chewy. (J. Morton) “I1 - 

\ 
*F” . . I ’ ..< C 

* ‘~ s ” 

LIMITATIONSAND SPECIAL&QUIQEMENTS -.- \ 
i _. + :: 

The h&ticultuie of ehaya has n&er’been stud&d. 
The* plants vary from srnooih tq hairy, ‘and the hairy plants slirig like 

nettles, so that harvtsters must wear ‘gloves. The;;-~tinging~disappears with . -. 
1 cooking. Cultivated~‘plants are ah-n&t free of sti-nging hairs; it is likely that 

this is the result of long years of selection by the harvesters. _ 
Chaya must be, -cooked before qqtjng: the fregh leaves contain toxic 

‘- hydrocyanic glyco&des, b‘ut cooking in&tiqtes them. 
..?” s 
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- t. 
“’ ., _(, 

*“‘.s+_ Chaya grows brodigiously and, can rekh ;a height <f mote than sixf&t. fiiS sir&e piant 
S’*“i’%;ju@three ye& old. (F. Marti’ii).,, : 

_~---. -:- Tb,-j- i -i 

-Experimental plantings‘ of cutttigs of Cnidoscotus Swyzmansa (t,he lessh&$- 
of the two species) should be established, and those plants selected that have 

I; a ni$-Grnum of hair-s and contain a,minirnum;, 
‘Q f hydrocya%c‘glycosides. L ’ 

2, Bipassays should be undertaken to verify \the app&nt wholeson-reness of 
this vegetab!ei-special attention should be paidto the t&ins: I’.- I ,. _ 

m Trial plantings should be made-to deterr$ne yield ‘per he&a&, labor 
requireme’nts, and dther factors bear@g on the feasib&ty $ commercial 
production. ’ ., , “i ‘ho:. , 5 

\Investiga’tions should be made into the potential wessing and 
marketing the product-‘fresh, canned, or quick-froien, --\ 

’ Cuttings should be distributed.,for. testing in tro!$ical areas_.outs?@%+ 
nat-ive honie: . 1 

I ‘ 

” 

1 j -_ 
. 
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kny palms c.an be used as a source-of hearts of palm. This is Euterpe edulis, which, in 
\ ,’ 

’ 
braz$ is widely ha’kested for this purpose. Theo “heart” is inside the smooth portion of 

\ 

p stem, visible here between the fruit clusters and the leaves. 6. H. Hodge) I_ 

: i. , 
-- . 

. ! 

., 
*ih h’ 

ifi 
e t inning wild stands provide 

Brazil, replanting 1 is 
kncouraged? c, 

i 
f 

The palm heart is a cylindrical bun’dle of leaf bases. The heart may. be. 
A- several inches in diameter and several feet long. Itslcomposition and food 

v@lue is similar.to that of cabbage (Brass&). ., 
‘I . .:.I-? \ The possibiIities=.of establishing .palm hearts as a plantation crop .are good. 

Fast growing palms, well- suited+ for this purpose, are recognized, and other 
pbtential spesies are abundant. A few, such as pejibaye (GuiZiel&a gasipgqs; r 

1 i 

.~ 5. , tie page 73) produce several stems emerging from a common root cluster, I 
.I . tiat only one stem, not a whole plant, is sacrificed to harvest the heart. 

d i In the past;$‘lrn hearts hap been harvested entirely from wild specimens 

.’ 
04 Euterpe, Prestoea, Guilielma., Roystonea, Sabal, Acro&h, and other .j 

u pahns in tropical America and the West Indies. Brazil is*tie principal supplier _’ .” 
ofi can@ palm ‘<hearts ,for ‘the North Ameri.ian <market. Bfazihan ;assai 
palms (Egterpe edulis Mart.), +oth wild and cultivated, have been a source of P 

I z : pa@ heart’s since the mid-1960s. In the past few years in Costa Rica,,pejibaye 
I , B 

u 
, -7 

B -i- 
, 1 __ .I -e I . 

_A 
?.----- c -. 1 e. ,. c ..1’ 

-: i : . ~Z . 
I .* _-. ‘I( 

j :’ s: ‘I 
_--- a $ .* - 

L-- , :a - ,I _ . 



1 .palm has been skt out in plantations for the pioduction of pilm hearts:‘?Vh.e~ 
the seedlin.gs are 3% years old,,the hehrts are’iiarvested and &n%d.: It is 
reported’ that other poter?tial commercial palms are ~Sabal spp.: Elrtir/jc 
o(eracea’Mart ,,, Caqwta spp.. and the coconuta palm Cucos Irzrhfera L. . 

i .i _’ .x ,‘.” . . 
g ‘.,? 

. . : -. ‘r 
,’ ‘1 

,’ .t . . 
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I . Canned hearkcof palm are widely ixporte$. (W. H. Hodge) I1 p , ’ 

Eu@rpe and pejibaye are. common ‘in htmid tropical forests- of South * 
’ .Amer$a. Euterpe aho gro?lvs in the West Indies, while coconut thrives on 

.- tropical coasts and neighboring inland regions of the northern and southern . . i. 
hemispheres~ (?aryota“spp. -are common ,in forests ,at lo+ and medium eleva- ’ . 

1 _ % tions in’ the Philippines and throughout Southeast’ ‘Asia. Other genera kndivn * = 
-’ 

.- i L \_ 
~ for the wholeso@eness and palatability of their’ hearts are Astrocarykriz, 

Ge~gmbmh, Hyospathe;’ Iriartea, Prestoes, Socrbtes; and” Welfia 
i 

bitte dough, and ,’ 
(for example, the heart of Orunia species& Some 

Coconut palms are subject to serious T?. , 



UNDEREXPLOITED TROPICAL PLANTS 

I I 

diseases ‘(such as lethal -yehowing), and ,it ‘is not known what effect such diseases ‘(such as lethal -yeho‘wing), and ,it ‘is not known what effect such 
diseases would have on the qualit$*of the, terminal bud at the time of harvest., diseases would have on the qualit$*of the, terminal bud at the time of harvest., 

.( / : .( / : r r /. /. 3 3 ___ ___ ’ I> ’ I> 

1 

RESEAkH NEEIjS L, ; 
, 

d. 

The first requirement is to collect ai many promising species’as po&.ible in 
order ,to’ select; palms appropriate for use as a palm-heart plantat’lon ‘crop. 
Jr‘ial ,plantings should be made to determine if any can surpass the current 
corn ercial palm’heart sources. 

..Sju.dies of the botanical, agronomic, T ’ 
81 

I and economic aspects of palms as raw 
mat,&&1 for palm hearts are essential. Surveys should be made of existing 

‘pal&r heart plantations to note the present procedures and possibilities for 
‘,. im~rovenient. Research ,is needed to clarify the details of productivity, labor 

requirements, and bconomic return to grower. and processor. ” 

Selected Readlhgs * :’ 
: ‘) 3 ‘ . / ... . 

Camacho, E., and J. Soria V. 1970. Palmito de pejibaye. Proceedingq 7’ro;ical Re’giana~ 
American Society &f Hohiculture Science. 14: 122-32. \ s 

Hodge, W. H. 1965. Palm cabbage. Q-ihcipes. 9(4-): 12473 1.. . 
Leao, Marilene, and M. Cdrdoso. 1974. Instruc6es para a ?hltura do Palriiiteiy (Euterpe 

’ edulis). Superintendencia do Desenvolvimento do Litoral Paulista, Instituto Agro- 
nomico de Campmas, Sla PaLlo,. Brazil. 

’ See addition@ 5eferences on pages 76-77. d‘ 
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Bailey Hortorium, Cornell University, Ithaca, New%ork 14853, USA (H. E. Moore) 
Department of Botany, S$ithsonian Institution, *Washington, D.C. 20560, USA (R. W. 

&ei;l, ‘e * 
Dir&tor, Botanical Survey of India; P.O.-Botanic Garden, Howrah, 71,l 103 India : 

:He&rio Barbosa Rodrigues, Aver-r. Marcos Konder 800, 88300 Itajai, Santa Catarina, 
Brazil .’ .’ . et” ..> 

Jardin Botanic-o de1 Valle, Apartado aereo 5660, Cali, Colombia (V. M. Patirio, Director) 
Las Cruces Tropical Botanic-d Garden, San Vito de Java, iosta Rica, CA. (R. G. Wilson) 
Library a$d Terminal Services, .Centro Interamericanatde Documentation e Information 

Agricola, TurriaIba, Costa Rica 1 * 
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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, crisp, and juicy. 8 
An &tstanding feature is its resistance to spoilage. Preserved from attack of -- 

T---- microorg&nisms by its. waxy coating, the fruit can be stored without _’ ,’ 
1 I refrigeration for as long as a year. T&plants are prolific, rapid growers (over 
.’ a 4-day period one shoot grew anaverage of 2.3 cm every 3 hourst). Three 

or four crops can be produced each year. The wax gourd is now grown mainly 
as a hq&ehold crop, but the market ‘could be ,greatly expanded. It has 

’ :- . irnportant*pd$ential-as a new .vegeta.ble”‘for large areas of Latin America and 
Africzi. _3- -- 

Q The fruit can be, Consumed@ during ‘various stages of maturity. The 
.. mild-flavored, easily digested flesh may be,*used as a ‘cucumber substitute, a 
‘cooked vegetable, or food extender. The Chinesease: it in soup. In India and -e 

, ,Cuba, a popular sweet is made by cooking the pulp in syrup. . . L- --., ~.- ~~~ --~ __ 
i 
: The fruit con&a&s 94 percent water: 0.4 percent-protein, 0.1 ,,percent fat, 

3.2 percent carbohyd&te, and, 0.3 percent mineral matter. There are ttio 
‘/ distinct types: round and- elongated. /5&y when young, they grow to.‘\, 

5 .irqnense proportions. They may?‘measure as much as’ 2 m ,long-and 1 m in 
diameter, and we@h up to 3.: kg. The thin, tough skin is coated with white, 
chalky wax. (Some varieties have r&ute hairs even when mature.) The pulp. 
has many flat,, oval, light,br’owrf’see@ up to 2.5 cm long, s&rich can be fried 
and eaten (like pumpkin seeds). They also yield- a pale yellow oil, which has. 

h 

. , ,o 
‘.Y not been studied. ; -’ ‘ 

Young leaves, flower buds, and vine tips are boile@andeaten’as greens. j . . ..- - _ 1 
,. * The plant,, EtizannuaI, creeping vine, resembles $-pumpkin vine. It is 

r reportedly easier:!% grow than any other cucurbit (pumpkin, stguash, melon, 
etc. 

1 
. Usually planted on mounds or ridges, the,f&t is’harvested inless than 5 

.__ ..mo ths.; i;l Sri Lanka, seeds sown in ,tlie rainy season produce wax gourds in 2’ 

. months. The plants can be grown on a ..t,rellis, but since the hea,y.; succule’nt 
fruit needs strong supports, the plants ark sometimes grown over ‘roofs and 
trees. In China the seed is planted on the banks of village ponds, and the , 
plants grow over a bamboo framework erected, over. %ater.. -This method 
provides abundant water for, ,tlie plant, and the framework eve:, the water 
.permi?s the land to be used for other ptirposes. ’ c 

c I-, . 0 

,*Beninc&a hispida (Thumb.) Cogn. (B. cerifera .Savi.$ Also known as white gourd, 
ash-gourd, tid petha. Family: Cucurbitaceae. 
-fHerklots, G, ,A. C. 1972. See Selected Ri,adings. t “ c 
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. . 

J The’ wax gourd is relatively drought tolerant. *In India, the’ furrows are .‘ ‘* 
flooded at-weekly intervals during the dry season, -but .not during the rainy 

* season$rlessthere has been no precipitation for 10 or 12 days. 1 
0 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/hairy cover, 
maturingfjuit by its%vaxy coat. * I -I--- -I -.- -- - _L.~ -. _-. - --~ ,. ( i 7 . 2 . 

,... = . 

LIMITATIONSAND %%CIAL~~E~UIREMENTS . . "* 
1 

: The wax’ gourd -is an ‘ideal food ifor those with excess wei’ t or digestive. 
1 problems., Its only handicap” is its-mild taste. Those accusto ed to richer fare 

- f’ ‘.may not like it without the addition of seasonings or ot er vegetables or 
fruits of strong flavor. It is ,similar in flavor- and texture to the chayote 
(Se’chiu’m edule). ’ 

3 0 
‘, 

-. Wax gourds grow best in medium-dry 16wlands. They ‘do not grow- well in 
! 

.i “. :Mmimal ,research is needed to extend the use’ of, wax ,gourds. The prim&y 
eed is to acquaint farmers and consumers with its possibilities. * 
?.@cJo~ technology @dies to develop its market potential could lielp its 
“‘troduction to new areas. I 

bommercial seed sources are’needed. 
0 

. $3 

-’ Selected Readings > 
&nibotri, B. N. 1948. Petha-its”cultiv&ion and economic uses. 

” 
I -& II Indian Food 

,r @cker. 2(2):9-10; and 2(i2):17-18. .1s ., t 

I H%&ots, G. A. C. 1972. Ve&rtibies in South-Bust Asia. Ijafnp Press, 
‘. Publishing Co., Inc., New York. 

Morton, 8: F. .197f. The wax’ gourd-a year-roun& Florida’ vegetable with 
keeping quality. Proceedings of Florida Sra& Horticulture Sociery. 84 : 104-g;. ,’ 4 

a i Srivasta&V. K., and S‘. C. P. Sachan; 1969’. Grow ash-go&d &he‘ effici!nt wayi Indian 
Horticulttrr~. 14(1):13- I . 

8 
,. *. al 0 

I 

Research ‘Contacts and Germ -Plasm Sup~ly~ 
Tro.p&Pak, 3664 N.W. 48th St., Miami, Florida 33142, USA (D.-MXrasap) T 

i 
E. R. Witt, 10’3’7 Brock St., Colpus Christi, Texas 78412, USA c 
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----p----mm- ,The winged bean*? is a tropi$al legume with -a multitude of exczptionally 
large nitrogen-fixing nqdules. 9t’praduces seeds, pods, and leaves (all edible by 

’ humans .or livestock) with unusually high .protein levels; tuberous.roots with ’ 
exceptional’amounts of protein; and an edible seed oil. c\ 

The winged bean has important potential for small-scale farmers. *It is a 
fast-growing perennial that is particularly’valuable because it grows in the wet 
.tropics where protein- deficiency in human diets is not only’great but, difficult 
to remedy. Winged bean seeds @al soybeans in oil and protein c,ontent, and 
the plant has,the, added advantages of protein-rich roots and edible foliage. 
* Though relatively unknown, this multipurpose legume appea”rs to meet 
many dietary needs of the tropics. It is grown in quantity only in Papua New 
Guinea ,and Southeast Asia. I. 

‘A twining 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 smobth,,shiny seeds may be white, brown, black or mottled. : 
The roots are numerous: they grow horizontally At shallow depth and become 
thick and tuberous about ‘2, months after planting. ExGellent- nodulation 
without need for inoculation. has accurred wherever- the crop is grown, ever-r 
on/sites cleared from virgin.,forest. Individual winged bean plants may iarry * 

X3. over 600 nodules, and the fresh &eight of the large nodules can reach 0.,85 
tons/ha.$ ’ ’ 

Neither pests nor disease. appear to be a ‘serious. threat. Nor do soil 
requirements appear to be demanding.,Winged bean crops have always been’ 

‘grown in regions having bfairly heavy rainfall. The lower limit has not been 
‘established.-The plant.. thriv.es in regions with an ‘annual.rainfali of 250 cm or 

’ 1 
more. 

The winged bean is cultivated largely for its young, tender pods, which are 
sliced and cooked, much like green beans. >Pods are picked beginning ,lO 
weeks after %owing, and .the plant continuesi to bear pods indefinitely,‘The 
young leaves and.shoots may also be eaten as aleafy vegetable. 

,bnripe ‘seeds can be used in soups. Ripe seeds are roasted and eaten like ’ 
peanuts. The nutritive ‘value of the-ripe, dr,y ‘seeds is.very close to that of ’ 

* .! _ c . I 
i> 4 r’ 

.?Psophocarpus tetiagonolobus (L.)’ DC. Also knowh as four-angled bean, Goa bean; ’ :i 
asparagus pea. Family: &eguminosa;e. I 

tThe ex&$onal prdmise of this plant & detailed in a companion publication, The 
Winged Bean:.-A High Protein Crop for rhe Trdpics, available without charge. To’order 

I see.page 188. . 

SMasefield. 1961. See Selected Readings. ‘. 
.; I( 
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Sinall charcoal-blackened winged, bear). tub&s cooked inhqt ashes by highland tribesmen 
in Papua New Guinea. The tubers contain ten or twenty”times the protein of other robt 
qpps..(N. D. yietfieyer) 

_ ;$ 
* . . / c 

> . \ .s . . *’ 
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considered for mass commercial-planting. 
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1 ‘i ’ > ,I \ . -7 
‘,? . r flPo&ible toxicants and ahtinutrition factors in the’ ma&e $eedS rieed 

*analysis; and &&iled study’. Research should alsqi i,nclude an amino acid assay 
,I . an’d an investigation into the-@Vera11 nutritional value of the roo.ts. 
- ’ Otheimajor research needs include: , - _. , ’ ‘. , ’ 

a . I Determining digestibility gf hrotein at different stages of develophent 

I. - of i’eaves, stems, pods, etc.; 
D -. 

0 Investigati?g-seed,physiology and ‘the germination and ‘storage of see&; 
o Developing ways to prepare,t.he~&y beans and.r.oots; and ’ - * 
e Studying the plant’s palagbility and value for livestock; 

“, 
‘a - 1. = 

. 1 . 

Selected Readings ’ ” _ ~ i j r . ’ 

Hymowite, R.; kd J. Boyd. 1977. Origin, cthnbbotaky and agricultural po~cnr~al $11 IIIC*+ ’ 
wingkd bean--Psophocarplts tetrgqouolohus. Eco~lo~~zic B~tat~.\‘. 3 I : I X0-8. 

t Khan, T. N., J. C. tiohn, and R. A. Stevenson. 1377. WiI$rd Beans: (‘ultiva!ion in Papua 
, “’ * New Gujinqa. World Crops. 29(5):208-14. 

Mascfield, 6. B. 1973. Ps$hicar,uus tetragorzolphrts- ;t crop with a futllrc’? ,Fichl Crop 
Abstracts. 26(4)::157-60.’ p *. c 

National Akademy of’ Sciences. 1975, The Winged Bea!l. it High Proteh Qup jOr l/rca 
Trqpics. National Academy,of Sciences, Washinftun, D.C. 43 pp. 

Poypisil, I:., S. K. Karikari, and E; ~bamah-Mensah. 19,7 1. lnvestiga tions ot’ wing&i bean 
F, ‘inLGhana. World Cr&s.23:260-4. . * * 4 

I < _ , 
I - 

. 

Mascfield, 6. B. 1973. Ps@rdcar,uus tetragorzolphrts- ;t crop with a futllrc’? ,Fichl Crop 
Abstracts. 26(4)::157-60.’ p *. c 

National Akademy of Sciences. 1975, The Winged Bea!l. it High Proreh Qup jOr l/rca 
Trqpics. National Academy,of Sciences, Washinftun, D.C. 43 pp. 

Poypisil, I:., S. K. Karikari, and E; ~bamah-Mensah. 19,7 1. lnvestiga tions ot’ wing&i bean 
F, ‘inLGhana. World Cr&s.23:260-4. . * * 4 
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in soups, chow.mein, aitd other traditional dishes. (N. D. Vietrqeyer) 
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rsity, Papua New Guinea. 

. , 

(N. D. Vietmeyer) 
.O. Box 3223, Sk I:ranciscoj California 9 13 19,. 

kch Station, 18905 S.W. i80 Street, Home- ,, 
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taste-of its fruit:-“? :. . . 

The huge f;uit Sary from spherical to ovd zind-m;y, g?ow as large as 3~~cin ,a 
loirgrand 15 cm in *diameter, anh weigh up to.20 kg e&h. Tlieir Qard, 0&k _ : 

ured with almonds, 

,.I “^ 
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wild... &i&ls,” particularly ele;hants, tigers, and monkeys, are very 
r attracted to the fruit. Harvesters buildE~shelters beneath wild durian trees so 

and Borneo. Little 

._’ 

a mild, inoffensive odor. ,,, ’ 

: 

n ‘% 
.. ’ &IMITAfiONS ~)Nil SPECI&J3EQUIF&M&S ’ 

_.‘. 
As mentioned, the strong odor is offerrsive to many people.-I; is attributed to 

‘i indole derivatives.. : i 

control, harvesting, etc. . .I ‘. -- 

The”trees,are slow to pioduce and only begin bearing after 7 years. Each 
not fully ripe’until it drops from .the 

,> 

-c 
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-. 

.’ 4 * _ The ‘~&&rd-like pulp must be eaten shortly after’harvest because it .- 
I( qu quickly turkrancid a& sour. Since fruit is not easily transported, o&y local ’ 

distribution of fresh fruit can be considered at present. 
-.. 
i’,. _ ..a The seeds quickly lose their ‘viability, which makes..it difficult”to introduce 

. . .--. the. species to other regions. A few durian trees have been introduced’to~ : -- -._ 
Honduras, however, and the fruits are much sought after (apparently the qdor 

\ 

L” --.,was not an insurmountable ob&cle);- 
A, 

1 ,I i_ Since durian trees in Southeast- Asia neither receive nor require much 
. attention nothing is known about the best methods for pruning, irrigation, 

* pest control, etc. 
I i. 

‘e ; 
+. 8 The tree does not thrive where there is a distinct dry-season. ” .I 

’ ~RESEARCH~EEDS 
II 

, ‘.. _’ b .r 
’ . &. ’ 

Durian hdrticul-tire, breeding,. ands&ection are ,needed. Duri’ans have many W 
‘k - varieties that offer great possibilities’for improvement,~b&Etailed analysis is 

. j still jacking. Agronomic research is needed to select elitk strains from.each 
i species, irnprove’horticultural practices, andintroduce’~duriatfs to neti tropical ,, 

regions. ’ -’ 
c 

9 
‘- ‘Food-.technology research. is needed, particularly for preserving, trans- 

po$ting, and processing ?the fruit or flesh. V j . . 
- ‘\ : > 4~ 8 r, 

Select6d Readings, ’ ..’ .T ;:y* ; * 
. 

.$&se, J. 3. et a&l961. Tropical and Subtropical Agriculti?g. The Mat&&n Company,‘ 
Collier-Mac+lan Ltd., London, . . . 

Popenoe, W. 1920.‘ManuaZ of Trcipical and Subtropieaj &yit& The J&mi&m Company, ’ 
. ‘. 

‘_ Ney York. >; _;- 
I. Soegeng Reksodihardjo, W. 1?62. The species, o;fszrFtir?.~with edible fruits. Ecotidmic 

:i Botany. 16(4):270-82. , . . her a- 
Stanton, W.. R: 1966. The chemical composition of some t&%al, food plants; VI. 

Durian. 7kopicaI Science. 8(1):6-J!. / c .r 

. Valmayor, R. V., R. E. @roneli and D. A. Ramr’rez. 1965: Studied on floral~biology, 
fruit set and fruit.development “in. diirian. Phil&pines A&%uJture. 4’8(8-9Jt355-66. 

” iWyatt?-Smith, J. 1953. Mater&s for, a revision of Malayan Durio, with notes-on Bomean ” 
spec~es,Kew.Bulletin. 4:5M-34. 
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. . :; ’ Research &@acts+and Gerti P&n supply ‘! 
Kebun Raya Bogor, Indonesia (D. Sastrapradja) 0 5 

I IW. Soegeng Reksodihardjo, Pio$eer Agricultura Ltda., Caixa Postal 131,861OO Londrina 
h - (P.R.); Brazil ._. -. , * , 

i ,, 
University Herbarium,‘SchoG of Biological Sciences, University of tia$&i, Kuia Lumpur, 

’ 1 Malaysia (B. C. Stone) 
’ . 5 



America, Europe, ,and the Middle ,East. 

areas. Howeverb because of horticultural difficulti@ no widespread corn- 
merchl..production has been successful-even in the Far East .tihere the fruit, 

‘.. 

which comniands high prices, is picked from uncultivated, wild’ .-trees. 
Extending its use offers a formidable research challenge. . r * 
^ The mangosteen rgrows in high rainfall areas-over; 2;.500 mm per “. 

year-where, because of the high humidity, few. commercial crops can ‘be _ 
economic-ally cultivated.. 

. . ,. 
,. I. 

The fruit-the size of a-‘tennis ball-contains a segmented; white ‘(almost . 
translucenti pulp that is protected by a purple shell 6 mm thick. The pulp is + ,.. .. : 

-+Ub sweet, subacih, and agreeably flavored. OX *all. the exotic tropical fruits the 1 r ‘*. . 
-?%rngostte,enis perhaps the one-most readily accepted by western palates. ’ 

’ The trekis a. slow-growing evergreen&h large,da$ green leaves. It thrives. ’ 
,, _ , 

., 
best .in war&,’ humid, rainy cl&a% with few seasonal_variations in rainfall’. - 
and temperature. But’mangosteen trees have been grown successfully under-’ I, b 
dry, c9nditions with irrigation:.Temperatures between 20” and 30°C are’ ideal, ” , 

,especially. if they are not subjectto sudden changes-cool spells (?yC) can.be j, :, 
- fatal to young trees:The trees rarely grow over IO m in height. i ’ : 

j. _. 
.’ : Deep,’ fe&ile, well-drained, .slightly acid soils are needed. to grow the best 

il trees and to produce the heaviest yields. Under such conditions, yields of. , 
200-800 fruits per tree have’ been obtained in good years. They are harvested 

, at maturity.;and must’be handled carefully t+:preverit damage. The tough, 
thick rinds should. enable the fruit to be ‘shipped and, .;marketed. If - 
refrigerated, the fruit can be. storgd for several weeks. .- ’ 4: ,Z,’ 

# 4 
._ ‘. 

LIM;TATIONS, AND &I Ai R@jJF+MENT; ” ‘T’.-y 
. 

, 
,-%. c. ‘ *1 Though the mangosteen has long beee’regarded as hg$ng great potential if its 

. ,_ 
-.-- 

, horticultural limitations could be eliminated, it has* &ceivediT’very little 
c’ 7 research attention from trained horticulturists. Consequently, today the& are i 

*Garcinia mangostana L. Faniily Guttiferae. 
* 
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_ 
, I . no improved varieties, that sustain high / produc$i ‘n -and that; have’ good 

. ‘~cjmmercial character%tics The ‘horticultural lim’ .ations are ‘due to the 
follo@ng factors: . 

I e Mangosteen W.&reproduce the characters 
tliere is no genetic variation produced.,This 

. . , -~ tyhes diffi&& : ._ _ p’ ‘d?. - 
. 3’ :;e Growers hesitate. to plant’ 

,bef,ore -their investment brings 
produce a profitable crop. 

(’ . . I ‘. 10 No reliable method has 
F ^ i .‘vege&fively. 

: :i. It is ‘diificult to establish: 
- ” . .- 

identical to its natural habitat. 
: ,: .-’ i- Mangosteen plants 

production of superior 
I 

because *of the delay ;. __ 1 

* J 

I 

; 

0 problems: - 
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methods (for example, tr+ f&d rootstocks,,suitable for-grafting). Mangosteen 
appear: to be graft-compa&bJe with other species of Carcinia * - : 

. 7 a . 
,- r 
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Almey&, N., and F. W. Martin. 1976. Cultivatiok of Neglected Tropical Fruits with ’ .__--~ 

Promise: Part 1. F/le Mrmgosteen. Agricultural Research’ Service, U.S: Department of 
Agriculture. [Order No. ARS-S-1551 + A. ‘-‘; . 

Hume..%E. P. 1950. Difficulties in mangosteen culture. Melayan Agriculture Journal. 
33(2):104-7. T I .-o .., 

c Krishnamurthi; S., and V. N. Mhdhava ‘Rae. 1965. Thentangosteen, its introduction and 
’ establishment in peninsular Indi,a. ‘In Advartces;‘in Agricultural Scieke.. pp. 401-20. _. 

i ‘” Agricultural College and Research Institute, Coimbatore, India.’ . ) 
E 

Ochse, !.:I. et al. 196 1.~. Tropical and Subtrspica!AgricrtZ)Irre. TheMacmillan Company,L ~ 
’ 6.’ 

, 

r. Collier-MacmiBan Ltd., London,,E&$md. 

- ‘s; 
Pynaert, E. 1954. Le bfangoktanier. Tract no 37. Publication de la Direction de I’Agri- 
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culture des Fpret-et de l’Elevage, Brussels~,Belgiur%. 
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- ‘a Research Contacts and &rm Plasm S~~pply 
-,~; __-~--7 

1.. . , AgriculturaI~Colleg~ and .Rcsearch -Institute, Co&bate&, India _f CT : 

‘. Botanic Gardens, Kebun Raya, Bogor, Indonesia (S. Id&), , ‘3 
7 ’ L . __. . -Department of Agric%lture, Bangkpk, Thailand ’ 

Mayagtiez Institute of Tropical Agriculture, Mayagiiez, Puerto Rico 00708 
* . b. 
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’ El Naranjilla:* “ the golden fruit 6f the”Andes,” has great potential .for’ the 
4. 1 . future, ‘though at p:esent it is little known outside its native home, Colombia 

” 
_: --‘and Ecuador;-An excellent dessert fruit, it- is also used to flavor confe&$ons, . 

h ,jel$, jam, and other preserves. ; ’ _’ 
c _‘ 

, YFreshly squeeied naranjilla juice is used in Ecuador and Colombia to make 
sorbete, ’ a green, foamy drink. with an appealing sweetTsour flavor ‘\.\o ,f = ’ 
-pineapple and strav$berry, In Panama, .Guatemala, and Costa Rica, whe$e’.the 

i -plant . has .been introduced, 
concentrate. * I’ 

the fresh ,_ juice 1 is processed Jnt.o..:ffozen~~~‘ ‘q;,“““” “I:‘. >./-,-;...-“, -. -- _ 

The plant is a ‘large, robust shrub (1-3 m h$$$iith. hairy leave,’ and -;A 
- .\c 

z v 
‘\” 

f . -. i sphericai’ yellow-orange fruit ,, sometimes & large as tennis balls, ‘\ 
:’ I I * c&ergd with easily removed white hairs. The acidulous, yellow-green 
(, -. numerous seeds. Unaffected by season, fruit is produced throughout th : 7, 

year. . ’ 

*Solanum q&o&se Lam. Also known as hilo; Family: Solanaceae. 
9 1 
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1 

The shrubby nlranjil!a bush under cultivation in Ecyador: [C. B. &iser.) \\\ \ 

\ 

j 

6. 

Na&njill~ fruit. (W. .H: Hodge j 

-_ 
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\ . 
-. -In Bcuador, the’ naranjilla ‘grows best on fertile, well-chained slopes, of 

humid, uplancl valleys where -the annualJrainfall is at least l’,SOO’mm. The 
plant ‘grows ra$lly and bears large .quantities of fruit. It yi&lds 1,000 to .. ~ 

t 2,009 kg of fruit per ha with little care. 0 
a . 

h 
\ % c ,r 

LJh$ITATIONS AND SPECIAL REQUIREMENTS 
i 

. 
:;, 4 / 

1’ 

The pl&\s’ h&e exacting ‘climatic requirements. Frost sensitkk, they need 
.good’.$ainage and moderately cqol and rather kimid climate at altitudes of 
800-$&&m. The plant does not thrive in the lowlandk . : 

They @e susc;ptible to rootknot nemstodes, viruses, fungal disease, and 
., $araFitesl’ which shorten life and reduce production, particularly in’ sandy 

soils., Therefore, in Ecuador, new land-uncontaminated by these .pests:is \ 
.. , .Yused ‘for each planting. Seedlings or grafted plants begin Ito bear when they 9. 

are!&12 months old and continue to produce fruit for about 2 years.,before ’ 
‘they’ b&n/to lose vigor (because of the $:ests) &rd must be replaced. 

. .‘The naranjilla plant is easily controllable in Colombia and Ecuador. ’ 
‘Ho$ever,it’l,is’a well-establishedweed in-some localities of Costa Rica. ” 

; c ; The plants need frequent fertilization (preferably once a month) and water 5 ,’ during dry ,periods. . 
,.’ ~,.‘ny\,.‘ 

:. .‘* 
,.:_A. _ F 
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, 

~olahlm quitoenwin the pp hc n&k t, Pasto, Colombia. (R. E. Sctiu&tes) ‘b., 4’ 
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72~ UNDEREXPLOITED TROPlCAi PLANTS * 

RESEARCH NEEDS 1 ‘I 

., Little improvement Oaf naranjilla has been attempted. Research emphasis * 
‘-1should be on finding varieties and rootstocks resistant to neniatodes and the” 

‘$&al and bacterial diseases that limit production. The closely related. 
S&gnum- hirtum crqse.;, with naranjilla, is tolerant of rootknot nematodes, 
and’.-& a promising species for breeding and rootstock. tiother nematode- 
resistant relative.is Solanum macranthum. It may make gobd rootstock, 

e 

Widening naranjilla’s adaptqtiori to climate and soil, type would inc’reasl its 
use throughout the tropics. Research is therefdre recommendkd. Investi@atorz L 
should test Solanum .fopi;o, crossed jar grafted with nafanjilla, because it 
grows at lower elevations and yields a l$ger (also populay) fruit. ., L 

. 

SeJected Readings . ’ * u 
‘. Garcia-&eyes, F, 1967. El cultivo de 1~10 en la zona’ cafetera colombiana. Reuista 

-Cafe,tera. 17(142):75-7. 
Gattou A. 196 1. La naranjilla. Ministerio de Agric&ra. Panama. _ 
Heiser, C. ‘B. 1972. The relationships of thc~nar~njilla;~ola~llcm quitoense. Biotropica. 

4(2):77’84. ’ > .- “i. ‘. 
d 

Heiser,’ C. B. 1972. Notes on sdme species of SqZu~zur~t (Sect, Leptostctnonum) in Latin. ’ 
Ameiica. Baileya. 18(2$:59-65. 

Hodge; W. H. 1947. Naranj$las, or “little ora$ge’s” of the Andean HighIands. Journal 
4’ New York &f?anical Gardens. 48(571):155&O. ‘. .r 

Ledin, ,+ ,B. 1952. The naranjilla (Solanum quitoense.Lam.). P&e‘dings of Florida * 
6. St@: Horticulture Society. 65 387-90. 

,: L Minier, R. 1962. La culture du lulo en Colombia. Fruits. 17(2):91-3. 

i j %!’ 
Pache’co, R., and J. JimBnez. 1968. El cultivo de la naranjilla en .el Ecuador: Ministerio de’ 

. , 
’ 

Agricultura y Ganaderia, Quito, Ecuador. . , 

G Patiiio, V. hj. 1963. Plantas cultivadas y animales dornCsticoS en America equinoccial. V. 
1 ‘.. 1. Printin 

S&ultes, R.’ E., and 3. CuatreLasas. 1953.. Notes on the cultivated 1~10. &rvard f 
Department, Cali, Colombia. p. 403. 

. ’ 
c Univehi{y Botanical Mu&m Leaflets. 1,6:97. I’ i 

Schultes, R’ E. .and R. Rhmero-Castafieda. 1962. Edible fruits of Solanum in Colombia. ~ 
Harvard Universgy Botanical Museum Leaflets. 19: 235-286. 

i 

. 3 
. RoAero-Ca taiieda, 

., . c 
R. 196 la. .El ,lulo: una fruta de importancia ecorkmica. Agiiculrura 

Tropical 17(4):21+18. ’ ’ 1) 
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i Research Contacts and G&m Plasm-Supply ,‘I ,\: ., .” 

CATII?, Inter-American Institute of Agiicultural Sciences, furrialba, CO’sta’Rica ’ 
,? Department of Biology, Indiana University, Bloomington’, Indiana 47401, USA (d. B. -_ 

w 
’ 

Heiser) 1 ‘I ,t 
. Jar.din Bo&nico de1 Valle, Apartado aereo 5k60’, Cali, Cal’ombia (V. 6. Patko, Director). 

J. Soria Y., Edificio Venancio 2.000-&a 638, Caixa eoital 1316, 70333 Brasilia, D.F., . 
Brazil 9 ..;‘I 
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; ‘* :/ ’ &her than the coconut, date, and.African oil palm-few plants of the far&y 

PalA e, have b;en $$Iely exploited. Many could become useful sources of 
* ---..., - oil a,nd food..A notable example is pejibaye,pr peach palm.* It could become ” B : I 

an important commezial crop throughout’, the humid tropics. Proba.bly the 
2 _ 

most- balanced of all4ropical foods, its fruit contains .carbohydrates, protein,. --- ’ :, : 
, oil, minerals:,ancl ;ritamins. I- _ 

Ahho@ favorably mentioned by”Spanish writers centuries ago, pejibaye ’ 
today is little known outside Central America and northern. South ’ .* ’ 
is a palm with many spiny’tIunks en%rging from a common I ” ’ 
fruit,‘2-6 cn$long, is. borne ‘in bunches weighing up to 12.5 
of up.to 300 f’$jts. There may be as much as 13 bunches 

,. andj under ideal ‘conditions, two crops are harvested per 
.’ starchy mesocarp surrounding aseed. It is not sweet; itsflavor an 

reminiscent of chestnuts. Pejibaye ‘fruit has twide..$he 
b$@na and can prbvide rbohydrate and 
maize. ,, . j 

.F ed b>y-“boiling in 
._ removed before gting. To preserve the fruit, it is boiled and 

can be ‘restored .to original cons$ency and t%vor-even F 
more,by a second brief b$iliog.~I@:also delicious when 

Ip addition to the ‘fle$hy meso&&, the, white, I 
sometimes’katen. I,t tastes some$h$%ke coconut and has a high percentage . 
OfOiI.“‘. . 

. 1 , . 5 ‘. i ‘. 
. 

e Planted in. tiopical America’&& Bncient times, sizable pejibaye stabds 
now .exist in Costa ;Rica, and innumerable dooryard ‘trees ari scattered’ over 

i ::,‘I 
.-I . 

the lowlands, of Brazil, Costa Riga, Panama, Colombia, Peru,’ Veneiuela,land * 
Ecuador. The’ pejibaye is of major economic importance tioughouti the. 

I 

. . : region.- At least -part of. the year it sugpiies the principal. food for; many 
inhabitants. ’ ; ( 

.p 
i 4 ,?I 

i The- plant is, adapted to tropical corn&ions, preferring regions; tihere: “! 
:’ .’ ’ annual- rainfall is ,>2,5OO mm. or less. In Costa Rica it grows at all. elevations * @ i 

‘f I*. ,;from sea level to 1,200 m, and ocCas?onally as high as 1,500 m. It,grows-best : 
jn heavy soil: Pay loam, ~or’cl$. 

- , . 1 .< 
-J i i 1 c h , . ., : 

’ *G&e+ g&&es (H.&K.) L.‘H. ,Bailey: Formerly known as .&dieZmh,speciosa Mart. - 
and G.dlielma utilis Oerst. Also known as Backis gasipaes H.B.K. and Guilielma’chon- ‘. ._A. 
fad& Triana. Commonly called pejibay (Central America) also s@.led pejival&, etc., ’ 

,’ : piri&$o (Venezueia), pijuajo* (Peru), paripou (French Guiana), ari;d;g,pp,unha $&a&). 
Family: Palmae ! - 

i’ - 
:‘. 1 J I Q <> . a. 

. ‘i ., w .*i . 
I . / 
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‘j ‘ Conunonly, propagation is by seeds, although the. plan,ts form suckers 
readily (an important benefit foPxommercia1 Ijlantings for ‘it allows superior 

I 1 ‘varieties to be rgplicated e y).‘,When .grotin from ‘seed, the pej.ibaye begins 

:.I, - 
“to bear after G or 18 years has an,ecbnomic life of 75 years or more. Once 
established, the plant requires little care. 

:* / i Varieties of the pejibaye are n,ot well defined; but there are many. Varietal 
differences in fruit size, fruit-cluster size,’ spine length, and fruit color are 
known; . c 

.* 
’ , *.-. Because of its multiple stems pejibaye is one of themost promising palms 

,’ for the plantation production of hearts of palm (see page 49). 

i 



1 
7 

5 



. ~ LIMIT)$TIONS GND SPECIAL’REQUIRtiMENTS I : 
.’ It I . The’ major barrier to propagating large numbers of pejibaye for c,ornrnercial 

plantations is the lack of superior’ cultivals. There is a scar& of “ehte stock 
material (suckers). Seedlings vary too much in quality and performance-and 
take too& long to b%r-to warrant large investment. Existing selections are not 

_ suffidiently productive, despite cl&ns to. the contrary, Seedless (‘@-theno- 
I carpic) types are lower in quality and color anh are not so producti% ,as ’ ._ 

seeded types.’ .a( 7 I\ 
’ The trunks ‘of most gejibaye strains are densely covered-with spines, but 

~ I the .northwest Amazon has @meless races. Ha”rves#ing is difficult and expen- 

r” c sivei Cutting off too many of the spines kills the palm. q 
i/’ : z. 
- ‘, 

.i REiEAR& NEEDS .- v 

Collection of seed, classification of &ltivars,‘, diffusion of 1 seed, and 
* ̂ \.. ” ” information-on the pejibaye crop could lead to its cultivatiorrin many areas. _ 

An ibtensive campaign is necessary to expand its cultivation, beginning - 
the areas in which it is already familiar. 

,ith 
, Ym 

Efforts, must be concentrated on management and .vari@al selection 
~, ‘(especially to select spine’l’ess varieties). There are “some little-known varieties, 

mostly found in the northwest Amazon region,, t&t, lack spines. These should 
be collected and selec.ted for use $-r propagatioqand crossbreeding. = ,F .L. . I Food technologists should test ways to can and preserve pejibaye because 
at ‘present the fruit is not ea<y to. store.or transport in quantity. So far, most 

I -. food research has concentrated on itsnutritive value: &B 

Agronomists should study. the value of interplanting’other crops among ’ ’ 
,r ‘the ,peji&ye for this could provide a-.cash return while .the .pejibaye are : ., 

. . i .+ 
‘. maturing. - 1 

‘Z* The pejibaye .research’at Centro’Agronornico Tropidal de Investigation y I 

‘Ensefianzain Turrialba, Cost% Rica,.shou!d receive full support from teGhni.cal ~ 

,i -assistance agencies. Funds should also be .allocated for a oarnpaign to extend 
/ 

:-- their results.30 other tropical cquntries. 
9 I 

‘, 
‘/S ::-.. . 

I 

Selected Readings _^ .) : * 
i’ , _ 

Johannesseri, C. L. 1966. Pejl%aye palm: yields, prices tid laboi costs, Economic ’ “’ 
= botany. 20(3):302-15. ‘. 

3’ Johannessen, C. L. i966. Pejibayes h commercial reduction. Trtilba. 1662):181-7. 
(Available from the author, address bejow.) P 

5 Johannessen, C. L. 1967. Pejl%aye paJm:‘physical and chemi@‘a&dysis of the fruif. 
Economic Botany. 21(4):37.1-8, 

Patiiio, V. M. 1958. El cachipay o pijibay, en la +xra.de-los indigenas de la America * 
, 
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r intertropical Instituto Indigenista interamericano. Mexico. Ediciones Especiales. 
39:1’?6-203, 293-331. i 

Popenoe, SV. and 0. JimCnez. 192l.‘The pejibaye, a neglected food plant of tropical 
America. Journal ofHer&ry. 12(4):151-66. 

@ . 1, Seibert, R. J. 1950. The importance of palms to La& America; pejibaye agotable I’ c 
example. Ceiba. 1(2):65-74. 4. * 

I’ ‘;. 
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I 
L Research Contacts and Geim Plasm S&ply -s ; .J 

. 
Ce& Agronomic0 Tropical de Investigation y Ensefi’anza, Turrialba, Cosd $.a ’ n Se 
‘Department of Botany, Smithsonian Institu-tion,-Washington, D.C.’ :u56O;‘USA (R. W.. . 

Read) c i 
Department’ of Geography, University,: of Oregon, Eugene, Oregon 97403, US’A (C. L. I 

Johannessen) 
Institbtode lnvestigaciones Agro-Industriales, L$a,Peru (M. J. Fort B., General Manager) . 
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To produce fruit of high- quality and makrnum yield most citrus crops (i.e., I 

oranges, lemons, tangerines, tangelos) requ’ire subtropical climated.with cool 
* 

L I I 
c I ’ winters. and vr(arm sknmers. QThe pummelo,~ however; is a citrus fruit ideally 

7 
suited to the vast lowland tropical zone; the uniformly warm climate reduces 
the q@.ity and yield of otJ-rer citrus’, but the pummel0 appears to thrive. 

The,pummelo is native t; Southeast Asia ‘where it ,has been cultiv.ated for- 
1 

_ 
centuries., In ThailanQ where’it is most highly cultivated, fine commercial 

3 L ‘_ varieties+witJr a shelf. life, ase,long as 4 month&-have been exported to I 
,T’ 4 = neighboring co&k.ries for’ more than 60 years. 7 / i 

An attribute of the pummelo is its relatively high tolerance to &ne . > _ 
-’ co ditions. This tolerance’ has been exploited in Thailand; unproductive 

-. T ,\ I ‘coastal lowlands around river deltas and brackish marlhy areas are devoted to 
‘0 

pummelo- cultivation. The popular belief Qr Thailand is that the flavor and 
quality of the fruit are,,enhancedby the salt. However, thisis questionable 

J 
.:; 

~. .’ and requireS;,.experimental proof. 
. I%.Cnmel,o is a crop .witJr potential for coastal lowlands elsewhere in the 5- R : i .% b f 

n ! 
“’ *,Citrw grandis (L.) Osbeck, Also known as” shaddock, toronja, pamplemousse; etc. 

‘>FamiIy: Rutaceae. - v *. w I ,s * 
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t$opics; especiahy..,. those where climate, moisture, and salinity prevent 
cultivation of other popular citrus fruits. 

Although: the purnmeldhas been introduced into citrus-growing aes’ of -- , 
the world, the varieties- chosen produced disappbinting Jruit, inferi& in ‘= 
quality to the best in Southeast’Asi& * “3 .’ .. : 

P~rnrnelo treks are generally mediumsized, 5-l 5 m tall. when mature. They .‘. ’ 
/ have broad, shiny leaves; the young branche’s~ &-e.covered wi.th spines. The 

fruit is green or yellow and is the largest .among the citrus varietie$la?ger 
i 

, even than grapefruit. T.hey-are either spherEzd.- or pear shaped, and have a ’ 
thick$up to 2 cm) rind, The internal segments are formed of firm juice s&s - ‘- . -- 1 

_ (vesi@es). Th e b est varieties have a ,,pleasant balance of. acid and sugar and 
lea@ no bitter aftertaste. ’ 

0 : 

.’ 
I /I 
\, 

B@+-+- 
, 

II 
l,_,.L 

5.. 1 
i, .- .LI&fITATIONS @D S&I&L Rli@IR&lENTS 

” For zptimum performance, pur&&los require warm, frost-free din-rates pith 
. i well-drained soils and adequate moisture; d 

There are few’research or agricultures extension reports on pummelos. 
Citrus canker iis a common affliction of pummel0 trees inSoutheast Asia. 

: - , ’ ,: L‘s I) . r e s 
I’ RESEARCH NEEDS ., I . ‘ .I 

* a d . ’ - 
% Considerable information on p&unelos has. been accumulated by generations 

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 rootsto&s for different soils, the - 
unpredi?table seedlessness of some types, and the tolerance, and susceptibility 

. to diseases. 
= ., .> 

* -., 0 c’ *’ D 

P Research to select superior var:eties iskelped by the genetic characteristics 
of pummeio: the seeds of most citrus tend. Jo reproduce the characters 
of the mother .plant, but pumrrrelo &eds are gainetid (they contamIbn.ly one 

’ embryo, %hich,‘is subject to ‘genetic segregation) and give rise to plants-with 
entirely*neiv horticultural characters. This produces a $ealth of varieties‘@ 

~ chooie from. . 
Testing of rootsto&s&urd culfivars’ in different ds of soils is also 

i Yieeded, especially mcoasta$, s$inersoil locations., \ ,.‘. :, 
Using superior varieties collected’:in Southea 

’ es+bli@test plots in new tropical locales in Afric 
and Australia. L _I 1’ ., .-V , .* * Q 

ir .- 
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Selec’ted Readings ’ . u 

_ Groff, G. W.: 1927. Culture and varie&s.of the Siamese pummelo as related to introduc- 
Journal. 5(3):187-254. 

of Neglected Tropical Fruits wifh 
Prokjise. Part 3. U.S. Department of 
Agriculture.(Order 

Ochse,=J...!l:, ,G: H. Soule, Jrl, 
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* I ‘Department of Agriculture, Bangkok,‘Thailand _ 

: Department of Botany and Plant Sciences, University of C’ ‘fornia, Riverside, California e 
9252l$SA (6. K. Soost) p. : 

‘I 
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Mayagiiez Inshtute of Tropical.Agriculture, Mayaguez, Puetto Rico 00708 ’ 
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a- The soursop? is-a iropical fruit with potential’for development as a processed .i 
industrial commodity. Native to and common in tropical America .and the . 
West Indies, it was one of the first fruits carried from !&he Ne*w World to other 

, tropical regions. It has become pc$ular in areas as diverse.as sout,hernChina, .d 
Australia, and Africa, Though mainly .eaten as a fresh fruit, soursog .can be . 
processed and preserved without losing .its aromatic flavor. Because of its ’ 

’ . 
.A distinctive qualities and its desirab$ity,for‘puree, nectar, ick cream, and jelly, _ 

Jt’ offers developing cduntries excellent export’ possibilities. European and .’ 
North American markets appear particularly prom&g: , 

The soursop tree flowers’and bears fruitmore or.le.ss continuously, though ‘r;“. 
there usually is a principal ripening season. Varyirrg&c)Prm and size, the”fruit ’ 
often weighs. 4 kg or more. The*.whi$e,.fibrous’, juicy fleshsmells somewhat 
like pineapple, but the: musky, rather .acid flavor is unjque;‘Soursops a& 
usually cut ,in sections and the flesh eaten with a spoon. -The pulp is often 

4 ‘added to fruit cups or salads, or chilled and served as dbssert, but generally it 
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is,.used in .ice cream or is mixed pith water and sugar to make a refreshing.: ‘~‘\. * 
drink. Frozen pulp is sold in plastic bags in Philippine supermarkets; fresh*. * .\\ . 
juici is marketed in waxed, cardboard cartons iq the Netherlands Antilles. 

t,\, 

‘. 
The soursop fruit has many black seedsscattered through the pulp, but 

n ‘, most of its closely packed segments are seedless. The fruit contams 12 
i‘ percent sugar; mostly glucose, and some fructose and. pectin that, 4 
. commercial operations could be an importanttby-product-,’ 
. 

,j The tree, low-branching and bushy-but slender becatise:of its uptwne 
limbs~reach..s a maximum height of tic10 m., Seldom grown’in con-&e 
orchards., it is often planted’in backyard gardens 

-, by budding onto rootstocks of the same specieso -. 
grow rapidly and bear fruit by the third year. _ 

’ 

LIMITATiONS AND SPjkCIAL ,REQUIR I, .‘~ 
i ’ .‘-- -._._,_ 

ii .! Adapted only to lowland areas, the soursop%. 
‘-‘“““‘below i 

* ‘5 an altitude-‘of J ,000 m, 1.t re@.r& an an 
s more. It &ill not tolerate dry, cold winds and, le 

..’ . R produces few fruits in chilly, mountainous areas, . II waterlogging, thesoursop can be grown in a 
1 - ‘4 g 3 
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3,. - 
“* Soursops are soft andtperishable when ripe, and they fermkt &ckly. 

.: * Consequently, they. are difficult to’ transport and’are not ekported. as fresh 
fruits. ~ b :. 

/ J ‘;& i- ‘.: 
The tree; unfortunately, is’ not prolific, the usual crop being or$y 12-24; 

--. ; fruits peri tree. In Puerto. Rico, produntion -of 2344 tins of fruit per acre is 

“. considered a ,good yield from well-tended treeg. Generous4fertilization will 
i&crease the crop. *. i . .* 

3 . The fl’owers are pollinated by insects, $ually ‘$eetlos. P.ollination by hand 
,’ L encourages fruit-set ‘because pollen is often shed. bei%xp tlie stigma ‘$3 

receptive, and small,.malfo~rned fruits result. ‘1 
r’ 

. . . . Iu very humid areas of El Salvador it has beenxobserved\thtit,soursip trees 
-_ 

often grow well? but bear only a few Poor-quality fruits. lvlos’f of ,their-fk&!&s -~ - I 9 
1 and young fruit fall. due to anthracnose caused by the fungus ColZet~tric4zz.m 

glogosporioides Penz: Anthracnose cad. be controlled with. fungicides.‘&Jealy 
bugs, fruit flies, “and red spiders are” ommon pests, but can bei co&rolled 
with appropriate pesticides+ > : , and Trinidad, fruit must be bagged to ,:I .;. 

,,p 
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wasp, .which irde>t young . . , 
be taken‘ to assure that”. aIlmare 

tamarind and blended’. sopxsop-tamarind soft 
ty of PuertgRico. 58(1):99-104. ’ ; ’ :. 
(&mona muricata) en Vxnezuela. ProceedingC 

ultrrre. Univekty of 
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Uvilla*. (pronounced oo-vie-lya) .is a small tree of the western Amazon 
(Brazil: Colombia, Peru). It produces large racemes,of purple; grape-like fruit . 

.-up to 4 cm> wide, with a large pit and a sweet,‘white pulper The fruit is 
consumed raw and is also made &to w$e; It-grows in wet equatorial .forests , 

.: ‘.j- 
I* a 

and could easily ,become pantropic.. People living in the ecological environ; 
-ment where..it ‘grows have difficulty getting* food: But uvilla is prolific; it 
fruits heavily and over .a long period-3 months or so-during the wet season; 

= 

fe-y fruits (other tha”n pineapple) ‘grow well in similar wet equatorial forests. i ’ > 
This -tree- is recomme$ed for testing as 2 home-garden crop .throughout 

‘- the humid tropics. I 

A relatively fast grower, it beg%s’ to fruit in 3 years., The tree apparenfly 
has few, if any, enemies. The tree is sult$ated singly. around the Indians’ _ B’ 

^ house< The fruit at the top of the tree ripens first. A forked branch is used to \ 
c knbck it off: 

4 . -n .- 
” Uvilla exploitation. has been totally neglected by science.-It has never been 
the su%ject of an agronomic study, nor has any effort been made to establish * , 
plantations. It is ,proposed here as a topic, for small-scale testing rather than 1’. 
.for mass cultivation. ; 3’ 

. 
kelated species,2 especially P. sa$a,‘grow in the forest ascwild trees. ..?ey 

bear edible fruit; but little else is known about them. ’ ‘r 
\ 

I’ 
.;‘. o 

iIMITATIONS ‘AND’ WECIAIiREQUIREMENTS~ 
,‘2,’ 

’ ) ----a 
9 ,9 ,* 3 

Nothing whatever is kno&r of the agronomic requirements’of 
nothing is known of the composition and nutritive :value of 
that it isrichin sugars,‘ ’ * ’ 

The skin is acrid and ine’di?$e and must be,Jemoved, but it peels off easily. 
Uvilla is dioecious,(pollen a&d.t%.rit are&&i on different,individual’plants) S .’ 

and care must .be taken in dommercial orchards.to plant enough polliniferous 
trees, ??I some regions, natives believe it is possible to distinguish the- sex by .‘. 

:’ = 
3 .; examining. the’seeds. Thit needs experimental confirmation. 

a-- ‘.* , 

i. ‘.J 
’ L, . 

-, . . . ._ 
r 

I. RESEARC-H NEEDS .7 ,: ( ’ .’ 
:a ,o . 

A.progr’am for uvilla improvement should be initiated. It would notbe costly: ’ 
All krio6 regional vafjeties and strains (some may be distinct spebies) should 4 
*Pou~ouma cecropiaefolin, Mad. Also known as ’ 
cairna&, Amazon grape, etc. F;‘amily :‘Moraceae. 

,baliba do vinho, uva de ,;notife; 
I ,a ‘ 
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, Uvilla tree in the ColomlSia? Vaupks. (J.\?Zarucchi)’ 
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:, . : . ..~ The babassti,* a palm native .to ,.the northern , f&ion of South hnerica, . _-. 
.- produces an abundance of fruit-contair@ig~up to 72 percent oill Although it 

has been slightly cormrrercialized, further research is necessary before its full 
potential can be real&ed. 

2’ , il 

. _ Babassu kernels taste, -smell, and look like coconut.meat, but thei contain 
I more oil, Babassd is perhaps ..the only vegetable species tha.t ‘5~ )uld replace 

coco.nut in the pr&&@ion of olein and stearin:’ , .. 
’ The b.abassu p&i ‘grows wild throughout more than 35,$llion acres of 

f * I the Amazon basin. ‘Be+e World War II, most of &Cl’s babassd nuts (about 
-e .40,000 tons) were exported. But local’ processing for soap is )expanding. 

>Domestic production of $l rosefrom 6,0Q0 tons m 1940 to 53,000 tonsby 

d. 

(6. ’ $88; The potential output is enormous, but diffyulties of cracking ‘the hard, 
thick shell and collecting and transporting the m&limit productio.n.OT,l : . I$ 

(,: various .levels pf yield are, reported for ,individual trees; a’ b.ab&sti palm 
& 6 ; . may produce “a ton of nuts a .yea.r, representing 90 kg of kernels. Palms on 

/’ ‘cultivated plantations have yielded l’,SOtJ kg of nuts per. ha.t ’ 
Babassu is a tall (as high as 20 m), majestic, far&aped -palm withlarge, 

’ . 
A..elegarit, curved leaves that.grow to 9 mlong. Itsbunches of oblong or’conieal 

_ -- fruit cften’reach up, to 1 m in length, The bunches weigh from 14 t&O kg and 
contain 2Q0,600 fruits; l-4 bunches per year are produced from the time the 
tree ,is 8-10 years:old. The fruit.@-1 .5rcm long and 5-9 cm thick) resembles 
.a small coconut, weighs .150-200 grams, and contains 3-8 Ikerniels~. The 

~ kernels contain .60-70, percent oil and constitute 10 percentlof;the fruit’s 
-.. -I weight, - : , . -_ . . . . 

,’ : , _ * - / ‘The kernel is surrounded by a pulp that is lO.percent starch,’ enclose~~by .a I 
hard, woody, shell nearly 12 mm thick, “much like coconut shell. The pulp 

‘r ‘, constitutes 20 percent of the weightof the$uit. , ’ : ~ -. r.. . ‘ .* r 8% 



i 
, 

. .” 

:* 
_.. 

; : 

Them-section ur’ a,babassti nut gives an idea of the difficulty m shelling’$e nu.t to 
- extra& the kernel. (Braziliarz Btdletirl) % “.’ 

I ,L, ,.: , 
. c *. .‘tp _ Babassil oil can-be used for the vme pur&ses.as c,ocdnut ,oil-for exan,l;le,“?3i 

. _. for margarine, s%orteningl general edibles, :td& soap, fat_ty acids, and . 
; ’ detergents. The oil- is dbtailied by conventional &ethods of oilseed extraction. 

._,:.. , ‘It is &nost colorless,, has an agr.eeable odor, and does not easily becoF6 
rancid.. Aft& thc,oil ,is e&c&d, the remaining seed cake is used for an’ ’ al 

“I’ 
-‘. 

feed.‘It contains up..to 27 percent protein and resehlbles cocqnut cake/ in 
:* ? /. _ co!npOsition. / 

The hard shell (endocarp) ‘makes an egcellent fu_el that i.s bur;lcdidircc$y ’ * 
- . : or,convert.e=d to charcoal. 

. i *. .‘; 
\Y In gqeral, native tiabassti.gro-ws in fairly pure stands in river valieys’qnd 
deltas ndt isubject ,to prolonged or perlnanent flooding, although ,it is\ <lso’ 
found in areas of high to low rainfall and dry to switipy donditions. It thrivfs 

.a. iq weli&ained, alkaline ‘X gYeut;jl soils, but it grows also-in siliceous soils. 
-- ; . In Brazil the fruit Fipens from Jyly to November!, then falls to th’e ground. 

bter colle&oli’ thi Fruit is usually dried in,@c.~ss-i ,td ,facilitate retnova of _ __-.- -I-- 
.~ .ti~~e’~eU from the kernel. ’ f .-* _: ,. Two nwin species of babas%,are found in Braz& O-bipq~a rnartimla Ba<b. 

Rodr., whichS grows i!i .-the wej forest ,&eas of t$eq Amazon,. ,baSin, and ; 
Orbigxya oleifera Burret, which grows in the dry, serili-deciduous fqrests of 

. . 

yazil outside Amazonia. The preceding descriptions are based on :these 
Species. However, other related palms offer commercial potential as oilseeds: 

* Orbignya cuatrecasana. A. Dugatid grows in the Choc6 region on the 
Pacific cgast of Colombia. The seeds, known as tlip&os or tiparos g-m&s, 
are eaten and used in’ other ways by the lo;al inhabitant? in’much the same 
waf that coconuts are used elsewhere. 
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As&entioned, Ithe unusual har&kss of the ;e 
obstacle to the i’ncreased u’se of baba&i. 

’ A!J species of babassti.require tropical climates:: warm temperatures, ample 

P hbignya oleifera cow 
A$hough the kern 

economical. to tram@ 

:.. 4 . . 

Macbhs have be 
from the-husk, b 
fo’r 57 percknt of &e cost. Research should 66 conducted to &prove . 
-ml@anization., , - q: ‘, .: t’ ~~~ - -.A 

Tons [of residue are discarded ihat should’be pui to productive use. The 
‘. .‘_ : 

exterior of the I;lut, the fibr,ouS epic$p, probably contains a wealth of new ‘:( 
prodkts. h: ’ ‘. I L * ‘. 



Babassb palms. (H. S. I&in) ,. 

Q ” . 
I * r /’ 

Considerably more data. should be-:‘acquih.zd OII the wild standi in South 
America: ,High-yield varietleS’ with chsirable chhracteristics should bc pr&- 

,I’ 
,! . 

.agated. in a germ p&n bank in Brazil. The reasons for the great’ dift’eren~ial in 
the iate of productich in‘the various regioni shouId bc investigated.; e I 
I ,.JI~ough a few babassti plantations are well established; mai. agronomic ’ 

$Iata hre needed before widespread plantation cultivatich can-be achjeved. 
i 1‘1 V”&i i ‘4+.bb 

Adames, G. E. 1943. Babassil. A hard n;t to crack: Agrig~ltrrrr in tlir Arj7cricas. 3(10). 
Eckey,E. g. i954. Vegetable Fats atui Oilslsl Reinhold, Ne’yv York. 

i’, 
‘. 

Gadin,-V. J. and i*P. C. Spensley. 1971. TPI Crop aqd P&%nct I&ycst No. 1~ Oils md 
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London. (Available from: Publications 

Y 
56/62 Gray’s Inn Road, London WClX 8LU; 

of Brazil: Economic Botany. 25(3):267-304. 
Babacri. Pubzation Ser. Estud. e Ensaios’~ l&+.8. 

wonder nut: Foreign Commhe Weekly. 45,Oct: $4. 
a$o do baba&*. 1952. Revista de Quimica Industrial (Rio de 

oilseeds. ~l&ine&. 12(3): 172-4. 
: 

-’ 
a distin&o e a” distribuiqao das duas csp&ies de babacu 

(Orbighya). Revista Rrasileir@e Geografia (Rioyde Janeiro). 2543):3 13-26:: 
Sadaba,,R. M. 1953. The.importance and economic future of the babaqu ‘palm. Bolctitl 

Oleiculture InternpcionaL. 3~23-31.’ R 
Silva, S. A. yerreira*da. 1971. Pheira contribuir& ao catdlog’b sistema’tfco de plarzias 

Erasileriiis produtoras de~cileo, &a e resinn. 1’ Parte, Monocotiled6nebs. (First con- I .-..- 
.tribution to the systematic catalogue.of Brat\lian oil, WRY, and resin-producing plants. 
1st part,,Monocotyle*dons.) Ce.ntro de Tecnologia Agricola e klimeqtar, Depaitmento 
National de Pesquisa Agropecuaria, Ministerioda Agricultura, Rio de Janeiro, Brazil, 

Smith, N. 1974. Agouti and babassu Oryx. 12(.5):!i81-2. The Fauna Preservation Society. 
Sduza Rezende, E. J. de: -1964. Approveitamento economico de’ baba@. Rfvista .de 

Quimi$industtial. 33125: : 
Weiss, M. 1955. La babassfi, r’ichesse national du Brisil, O$&inetis. 10( 12):83g-43. 

: , 
*I, SC 

r . . ‘, *- I ‘- 
I_ ” 

Rksearc~ Confkts an& Germ:Plasti supply’ 
. . 

I 
I (; P ., 0 

Department. of Botany, Smithsonian institution, Washington, D.C. iO.569, USA (RI W.% 
Read) I 

lnstit,gte of Iridustrial Techhology, B&o Hip_rizonte, Brazil (A. V. Filho) . 
Pauld de Tarso Alvim, C~TLAC!,~~45600 itabuna, Bahia, Brazil’ 
Tropical Products h-rstitute,’ 1!27 Clerkenwell Road, London EC1 R 5DB; England (K...P. 
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I3e~~~d~~f0r~rnPl~ &I%fld-pToteWiri ai-i,dLlands &e i&easing.-Until rgcently; 
wild gourds belonging to the squash family, Cucurbiticeae, 
o$erlooked as a potential source ofA oil aiid protein for lives&k an 
Several oP these. aye l&hly drough;t-tolerant, particularljr the buffalo g&d.* 

’ : . -, ; ’ 
: : 

kCucurbita &&d&s&a HBK. Also known as buffalo’gourd, chilicote, or mock orange. : 
Family: Cucurbjtaceae. J. 

/ 
i Q * .’ - 
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’ &-vesting these two buffalo g&d- &nts-gmwiing~&ld- nex-‘-Snyder, es&, yielded ,I .3 a’ 
.kg of dry s‘eed, despite arid co?ditions, bck of care, e:yiack of agono$ic improyr&$mt: 

Ij;roteip and oil sources.su&, 
water. But little research has been 

plant is covered with a dull, yax coating, It produce&yellow; hard-shelled, 
spherical frui,t (to 8 em diameter) containing pulp and flat, white seeds 12 

~mr-n long. and 7 “mm wide., The fruit can be mechanically harvested and the 
.flesh dries so’cBmpletely in arid environments,that the seed inside,can be 
threshed otrt.~ 1 ’ -’ ’ * “, ’ 

\ ’ 

Each fruit of tIrebuffalo gourd contaikabout 1’2 grams of seed and, on 
the basis of 60 fruits to 1 hectare’of plants can produce 2,$‘tons of 
seed. The seed -35 .percent protein and up to 34 pe’rcerrt coil.* 
These’ (e&mated) yields compare favorably with other oil- tind protein-. 
bearing crops such as soybeans and peanuts. z Ds 

if’ . - a 

The seeds can be crushed to obtain the edible polyunsaturated oil for iwd 
and .industzial use. The pulp from undried fruit is used for cattle*fee-d, 2’ 

’ The’ buffalo. gourd’s enormous root can weigh as much as ‘30 kg (7bi 
percent moisture) after’justJ,two growing seasons. It is filled Gith starch and in h J “4 . i’ v 
“Jacks, Hensarling,‘.and Yetsu. 1972. See Selected Readings. 

I * I I 
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:I. _ 
addition to.its other uses buffalo gourd,is now” becoming recognized as aroot 

the leaves and fruit) ,contam bitter-tasting 
gan be separated from them by soaking in*a 

dilute salt solution. ‘C 

5.. some are reportedly over 40 years old. They are 
beetle and squash bug. The plants can be 

,’ *i * 1 propagated asexually from n~dal~root’s’: ,if -the long, r~‘nning vines &k stapled 
to the soil -and w$ered, a.fresh. %ot s;arts. This cloning process -iroduces . 
new. generations rapidly: With&:2 years, thousands of genetically identical 

” offspring can beready to plant. 1 ’ ,: _’ . 
.- .The buffalo gourd has .bee6 &zd by. North American Indiins for centuries. 

=~- q 
._ 

They used the seeds ‘for fo.od and soapy .extracts ‘of the fruit pulp and ‘vine for 

_’ washing clothes and Cleaning hides. , -’ * * 
-. w 

d One research project on. the buffalo ‘gourd, a+ the Arid Land Agricultural 
- :$3evelofirrrent Jnstitnte in Lebanon, is hybridizing ,varieties to obtain- seeds 

that produge plants that mature ‘more quickly and give a higher ‘yield. The 
. 

I I institute -is also working to develop. seeds with higher oil and protein content 
and a.purer..oil that can be stored, without turning r&kid. Recently, some of 

~ ~ the highest-yielding -gourds Rave been found to be male-&&Be, o&ning.vistas . s- :‘-$f simplified replication. i ‘.t 
c . .,.I v c 9 i . . !* I 5 I .-. . % “. ( 

1 “,. 19 F ‘. L ’ 

I .1 
’ 

Buffalo gourd growing wild in “thk desert near White Saids, I&w Iv&&a. IL. C. CuIy!s) ’ 
i ., 
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: _ 6ne half of a 3$eqr-o&i 
buffalo gourd rootThis ,F &cimcn wkighcd 45 
kg. Although this &as O . 
pridud.ed ‘by a plant 

..grOv& Ilndcr cxtren& 
;ly arid- conditioris, the 

(, 25 kg ,of starch it con- 

,/ 
tainsisequivalent to the., 
aniount produced by ? 

3 score of potato plants 
/ ‘grown under good con- 
A ditions. (L. C. Curtis) - f _-, , I -CT ; . ., 

I” -‘--. .~~. ’ -? ‘* 
*. 

‘, ,$Jh$ITiTiONS AND SPECIAL RkQUIiEMENiS ’ ‘. ’ , _( d 0 ‘I 

Quffalo gourds,, requie long periods- of warm, /“’ 
I 

dry weather’ for optimum 
\. 

‘bowth. ‘They-are sen3itive to\ frost and intolerant of,wet, poorly drained soil. 
.:i . ‘Great yield differences occur among individual plants: some\ are esse,$afiy ‘- f. _- ., 

barren, ‘some .-prolific. The : size of the fruit varies. ’ Some :va.riatjons are. . , 
undoubtedly’ <due to seasonal’ fluctuations, others .are genetic’. I Se ~plan.ts 

Ihave a preponderance. of male,, some of female flowers. j c A r . . b’ As already mentioned, it is nota known hoti the oil ‘and the pressed cake * 
dontiining the protein will comiare we “tK’&her o& and proteins .as‘food for 

- humans a$ livestock. The’~ .possibility* that ,the meal or protein, might ,-be . 
. inediblg mu3 be investigated by extended feeding trials. . 

Buffalo gourd protkin-like other plant proteins-is low in lysine and’ the 
sulfur+ontainirig ammo acids. 

II 

Ll * i ” I 
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Buffalo gourd under cultivation, Lebanon. (L. C. Curtis) 



‘1. ‘ - b 
selectio;, and’breeding a& needed in many new 

I_ c+ : 

acih,.content, and extensive feeding t+ts should 
be <undertaken toi determine whethir exce.ssive sagonins or other toxic 
substances are pres$ t e CL More 

p*- ~ 
infor*matioh is needed ‘bn water requirements and other aioriomic, I c . 

-” * Selectbd~ Readin& _ : 
Ba-Amer, M.- A.; and W. ‘P. Bernis. 1968: Fruit and seed .development in Cu&rhita 

+,l foetidissima. Economib Botany. 22(3):297-g. 
Bemis, W. P., L. C: Curtis, C. W. Weber, J. W. Berry, ar$‘J%M. Nelson. 1975. The BuffaZo 

Gourd (Cucurbita foetidissima HBK): A. Potential Crop for the Production. of 
Protein, Oil, and Starch on Arid Lands. Office of Agriculture, T:k’chnicaI Assistance 
Bureau, Agency for International Developme& Washington, D.C. 20523, USA. 

0 
B 

%;>‘Berry, J. W., W: P. Bemis, -C. W. Weber, and .T. Philips. Cucurbit root starches:. 
Isolatioh .and some ,properties of starches frgrn-Eucurbita fwttdissima HBK and C. 

..’ ‘, digitata Gray. Journal of Agriculture and Food, Chemistry. (In Press) 
‘Bolley, D.‘S, R. k. McCormack, and L. C. Curtis. 1950. Utilization of.the seeds of the .D 

wild perennial gourds. Journal of the Amerhan Oil Chemists’ Socielfy . 27:57 1-4; 
.-. . Curtis, E. C. 1972. An A?temp’t to Domesticate a @d, Perennial, Xerophytic Gourd, 

_ Cucurbita ‘foetidissima, Progress Repprt No. 1. The Ford Foundation, Beirut, 
Lebanon. ’ j 

i Cur?,‘L. C., and Hi G6mez, C. 1974. Cucurbita foetidissima, una fuente potential dk 
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!/ 1 3 a potent&I oilseed-crop of the southwestern drylands. Journal of the American Oil 

,:- # 
Chemists’,Society. 28:90r5. 

3. -’ c. I: 
?, ,* 

e: 

3 ) 

4, 
Research Contacts and Germ Plasm &q$y .- : 

. .I L. C. Curtis & Sons, Inc.,~Watkinsville(Georgia 30677, USA (L. C. Curtis) 
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Caiyocar* ’ ‘. 
.’ / ‘. 

species; tropical New] World .&ea,,are 

._. a .basin, the’ $3.rianas, and, central- Brazil.,.Their seeds are. an 
.i,, r: edible oil. Oil production from. these species could 

’ . industrialized. But this is a lqng-term project 
.* In. the 19th century, Sir Henry, Wickham, 

. - trees to’lvlalaya,’ gave equal emphasis to ‘the 
an# of.rubberrwhen hesent tire seeds of both ., . -_ 

; - caryocar did ‘not receive equal attention by 
reported that tde, trees still surviving from Wickha?n’s~‘seed were sadly . 
neglected, arid that there had been no postwar production of nuts or oil 
there., ~ -m 

‘:_ -’ -- Carjiocar -fruit, like those of-oil palm, yields-two edible oils-one from die ‘.. 

- pericarp and one ,from the kernel. In texture and fla$r, caryocar kernels are ’ 
said to be the best edible nuts in the tropics; 

.There are 15 csryocar species. TKbest kn&?aryocar brasilktzse oi 
1 

pequi, is a me&urn-sized tree that’flourishes iri the qlanalto of Central Brazil. 
A closely related, species, also showing\great promise, is Caryocar villostin~. 

, , 

Caryocar b&silieme probably has greaterpotential, because it isa smaller tree 
3 

4.. 

and’ther‘efdre easier to harvest. It grows in marginal, low-quality soil; where’ :’ 
, i 

‘:“’ ’ ,- 
‘\\\ \ \ 

few other edbnomically u&ful crops .Ml gmw. .Carjlo& brad&se; ” 
,\ 

‘l -flourishing in the -cefiados of ientral ‘Brazil, ,is rt, low tree with beautiful I ‘, , ‘\ 
. The-fruit (about the size of an orange) contiins an 

. . ernel thit are uged ‘for food. -So far, they have been employed 
cooking. The fruit is made into a tasty liqueur; well -known in 

.i .;:,. ” ; * . <\ ‘. 
rounded ‘by a fibrous ,husk (mesocar$J,similar-to coconut. 
of the fruit is a s&h. The large, fleshy fruit, weighing as 

shell (endooarp), .wh$h,m like coconut 
or after conversion to charcoal. Inside 
sirrrilar tb Brazil nuts, co’ated with a 
sweet”oil and is an excellent~ substitute. 

composed largely of glyceridk esters of 
oil that&it resembles, it can 

’ 3 (y 
j,, hick $ell 

‘\, 
almost’ impossible to crack. They, too ‘(like 

‘\ 
oil, p-a&-r kernels), cor$rin an oil highly prized by the indigenous populations 

‘._\ \\ of northern South Airierica... + . j ‘,-’ ---.,?,, ‘.- 
.- ,*. .?* 

I ‘. ‘.. . 
0 ,4( i: .\ ,r‘ - 

_ . Y’ *e.g.,Laryoc% brad&~. Camb. Also known 2% pk@i or piqui ‘in &zil’; and Caryo&- 
‘i villosum, known as piqui4 in Brazil. Grimily: Caryocara,ceae. 

\~ .(S 7 -.- . i / 



So,pari,rnuts fF0.m CaFyocdrglabt-urn. (Field Museum, Chicago): -. j 1 I & 
. ’ .b, 

-. I, 
\ ‘.. .Ej .the time &l~xy a& 9’years dld, ihe trees reach a.height o’f I4O,.ni; the 

, ; spread of the& branches -equals theii height. J’& -wood from &ml caryocar’ 
species (e.&,Cary@car- vil~osur~) is so durable tli%l-i$ used in &ipbuildiqg. ” :. 

. ; t b ” 
Y<, 

Other carypcalr species worthy oi commercial .considerati$ir&de: 

Y+, 
I :e Calyocar a&gg&zEiferurn Mutis. This tret growsJ ~.TY 

i 
f@r,t$ern Sbu’th 

merica and pro-d-uces seeds that are, a source of pleasant-ta+@ sawatre or 
marifat;u$ed hfpqrji n : * : 3 : 81 ‘. _ _ 

k\\ 
! *g 

3. 0 C~~dcar “gldvum ,Perr. A: t&e of the’ &i&as, it is, k&wn also as 
“!i, soapwdod. 

: ) .“’ , 0 * . 
h,, I *I i : I i., 
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% 
Caryocar mrcifenh L. It is a tall tree that grows in Brazil and the 

Guianas, and is also cultivated in the West<Iodies. A product of the tree is . 
suari nuts or butternuts, whose edible oil is exgorted. 

Catyocar tornentosur~~ Willd. A large tree of the Guianas, j r 
known as suari tree. ‘z’ ,__ 

h C?ii AND'SPECIALREQUIREMENTS 
VJ 

.c 

is also 

$jg The caryocar tree has never been agronomically researched, but it appears 
,qq$ x3.1 thtt economic considerations are the onjy real obstacle to success of the tree 

as a tropical crop. Even inntial- investigation might produce cos ,t. 
L 

measures. / 
, The ripe fruits must &treated as .&on as they ar: harvested, 

enzymes cause’ Gee fatty acids to develop during storage. 
I- _ + 

I 
0 

because 
.' 
i 

.$I : >: RESEARCHNEEDS“ 
. " . . 

.i 

A earyocar seed bank should be developed to supply interestkd agricultural r’ -, 
“organizat:ons throughou@%he -world: Horticult&al requirements must be 
determined. _ ,,% ” 

L All, econo&&spects of harvesting, procgssing, and marketing require .: 
&dy. ;‘v;..’ J-.,“. 

_. .$ - 
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OILSEEDS 

Resqu-cl1 Contacts and C&II! Pl?s~n Supply -’ . . . 

3 

’ . 
1 : - 

resembling’ .olive oil.. It grows ,abundantly in some lowland areas of the 

or c.osmetics. The mi.ky, residue from ‘oil 

.il 

,. 



almost identical to olive :oil, is obtained by’boilirlg the lllacerated fruit in 
water. Its production is very’limited at present. 

Jesserlia weberbaucri Burret of Peru bears esceptionailq large fruit (to -l 
cm long with s‘eeds 2.5 cm long, i .5 cm wide). i 

. i 
/ 

. ’ 

4 

’ A’ jesstkia palm in the.V@pis of C.olombia. (J. Zarucchlj - 
, 



. LIMITATIo.NS~ANl+SPECIAL~REQ~.IREMENTS i 
. Ic “, 

Very. little is kn”own aboui any Jesseuia species b’r their produc’ts. Suc.h basic 
‘iriformation as the number of years required for the plan! to mature and bear. 
‘L seed has not’ ye’t, been determined. ., ( -m 

n : 

$I. ,’ ‘. .i. . 9 /. _ 
Al! specie; ofJqser?iu should be che’ckeil for 41 
Te’stiqg Jesse&~ @prpa (crf anot,her 

ir oil prod~;ctigri.~,~dqual.ity. 
if it proves s$perior) under 

bkantation, donditio‘r;rsis 
it tiould be the key ‘to 

“_._ 

:’ 

.-Seleited Read&s _ ~ 

L (raulu Lugarl! . \ /i’ 
tment of Bdtnny, Sbiithsonian Institution.~;~dshington, D.(Z 20560: USA (R. W. 

, r’ ,.‘...I 
,.‘I a\ 

.’ 
, “) i 

.I 
; $ ” . 

Jojoba” (prondunced.l~o-l~~r~) is ;I ,ha;dy shrub thdt .gro$ ip.arid rcgions’yf 
f northern Me’xico-and \\~e United States. *I/t-s $eeGs contain a 

that has in~prr$sive~ind;str~al 

, * 
,.k; ’ \ ..‘. 
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t ,/ . 

Jojoba seeds, oil, and t,he verG\hard was that is obta;ncd by hpdrogenaiing jojoba oil-. (I:. 
Batta$ia) P 

\, 
1 ‘,... ._ . - / z I 

eventual.[y replace spem oil and Save ‘the specks by making ir unccuwn~i~al 

-,’ to 11lpl.t sper111 ~llales. ; .’ I 

i 
Iiidustxy usds sperm Oti( ‘in lubricants th:‘t must .withstand &st~&lc 

i 
’ 

~Ipre~su~es -for e_xanipk, i.ti. -rplachinCry gears and automabilc~ Iransn&si&s. B 
Spgm whak oil is so valua~~lc to industry in the, Unit& S~a@tcs -that it has 

been clm%fied as ‘!I strate@o material and dlkkpiled against qa,tiunr~l 

emergencies. The liquid wa% from jojoba may ,providc an ccor?~~mically 
attractive alteina tive. . . 
‘-7; Some other @ants yield sat\uratcd, solih wascs 2s.c 
leave’s, and. stems, but jojdba bil is the,pnl$ uns$tura 

+jrlgs ol1 seeds. [ruiis, ‘-., 
, ‘liq”i’d ivas readjJ$, : “’ 

, 
extractable in large quantities fi,om a *plant ,Source. 

. : 

Joj.ob?t cultivation and proce$sihg, the Jhanufscture of,joj,oba products, and . 
’ the ut,ilization of bv-product‘s~i~lig~lt,.llklp imp$verished peoples in arid kinds ’ 

,,,.’ 

t$b&ornc cconorpically s&If-su&orting. ” 
. . 

The jcijoba planL to)erqlcs ekutrrniti desert ternpc~aturcs: daily ilighs of, ’ 
35”-45’c shade ~rcadings ill-e commc)~i during Lhc suriinlcr. A true drought- ’ 1 
resistant’ deskrt .shrub, it thriv,cs ‘under soil and nlciislurc conditions ilot , 

suital$e for most~agricultural crops. CJ 

Five limdred hrn -ot: r+nfaIl a~car is sufficicnf lb support productive 

stands of iojoba,.+{n 100 WIT. ma)i”‘pr&duce a light crop of seed. The shrub , 

has been known to survive as long as-a year witfi no rainfall at a.ll..Acaih crop ’ 
of jojoba would not significantly deple-te scarce wa tcr supplies, which are now 

, 
’ 

in great demand’ t&sustain increased$opulation and.ctiltivation of water- I 
~onsuming~ crbps sUch as cotton and, sorc$u~n. Jojoba re’quks water during ‘. c .:” ,“,’ i. - 

B i ” .’ ,, ” , ’ ‘. (3 /c * I 
I .I . . I \ 

I Ij I 
, ’ ‘i : , * -. 0. .‘;.’ ‘. 



/ j I., 
..-_ _,,-- F -_ “~,~. 

i‘ 
:&3s : . , 

4.. : I, 
I 

\ . *‘.” .,, ” ,. 

1; 
f , 1 

. 7 

OII;SEE~S - L ‘B ’ -‘y ‘- ’ ” 107 
i .D: d I. 4 I .* 

winter and spring months--- to set its flowers”.and seeds. Its summer 
requirements ?re low in contrast to most, crops that, in ,arid regions, need 
%ater when it is most scarce to.‘ protect ‘them from drought. Jojoba‘ also ’ 

i appears .to be fairly salt tolerant: +one tested variety, Vista, ihowed no 
.’ detrimental effect ori growth or flower production at a soil-water salinity of 

about 7,600 mg per liter.* _ 
Fi-equently’ stunted to’ a height of 60-90 cm by the harshness of its 

’ -environment or heavy browsing by iG.ldlife or 1ivestock;jojoba grows as high 
as $3 ni + in. tie&tiate’red‘ sites. Ann evergreen,, it has thick, leathery, 

* A . bluis$green leaves and brown nut-like fruit.‘Its n&r& lifespan appears to be 
mo?e/,than IO0 years and may exceed 200l’ye%. Jojoba is a rugged plant that 

% ,can regenerate lost limbs and survive harsh treatment. . ,‘ b . 
Jojoba seeds, contain about 50 percent. liquid wax. T$e vax can be 

obtamed in high.,purity by pressing orby using’~ solvent to extract’ the seeds, 
using &onventional oi&ed equipment,, It often requires. little refining for use 

, in lub&a”nts: It ,is very slow to turn rancid. Its viscosity, flash point, and fire 
d re similar to ‘those .of sperm whale oil. Perhaps the most important 

y of jojoba -wax is that it is-undamaged by repeated beating to hi@ 
.* .:,. - , temperatures an& reportedly doe: not change viscosity after repeates 

temperature changes. 
“; ” I 

c *. ’ 
The ‘wax has been suggested for use. m-a .varik$ of products ranging from 

.’ linoleum to detergents@-pharmaceuticals. Its stability in terms of oxidation 
and ran@lity make it particularly attractive, for use, in $osmetics and. other 

*; 

‘. 
after processing; for livCs$ock 

.E 

“(which would circumvent- &is) ha&’ proven difficult . 
,’ : 7. 

‘c ,: 
‘/ 9; 0 I 

# ., Francois L. E., qd Tammadoni, T. 1968. E$&mic Botany’. 221 : 
. r ,’ . 



L@ hill sloees inI the Sonoran dc.scrt IW;U Tucsoll.. kizon:! Jojoba bushes cc&ring th’ 
(U&ersity of Arizona) 

- -- .-.- -‘-“-- 
I 

&’ * 
.-: . 

e 

Harve&$g jojoba ti a 10 y.&:old plantation ai Bilal’ Israel. This area’receivcs about 23U 
mm annual rainfalL, but without any irrigation some,of the best plan 
in g single harvest. (M. Forti) 

s y’leld 3 kg of fruit 
.I . . 

6 .__ i’ I ’ / 
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‘? .:,JOd _ . ,: / * b-‘;,, j ; * I . ‘i‘\\i:,<,\, ‘I .’ 
) ‘Frr’~~~lanting iint3 the E~li+iC& takes 4-5 years. Investment money-is,,’ 

8’: _. -L 

therefore?, ti e d up for ,a long, time’ before inc,orne’is ~realized. Bekause ?‘to 8 
&Gs --are kq&ir$~eve full yield potential, jojoba- research must be” 
planned on a longltermbasis. 
: .‘Jojoba bushes are either staminate (male) or pisk.l,late (female; Only the 

*$stiIlate -bears seed. At present. one. cannot distQ&sh the sex of seedlings 
until they flower. Sever-al seeds must be planted at each site *to ensure that 
enough.~pist&late plants will be .a$aTIabIe. Most of the star@nate planis are 

.-re.mov$d at maturity leavingonly &rough to pollinate th,e pistihqtb plar&. .I 
., ‘Jojoba.plari’is,~~~a~wh’-an young, are sensitive to frost. &! * 

-_.,&-- f +‘ 1 L 
-57 ., .s *C3 g/ >A’ F 

. R&$&(.,lj FEEDS ’ -.“‘; , . , 
I( @Jh c ,. ‘,,.. ‘. 

Jojoba will‘need an integrateiresearch arid development program designed to . 
&clude the following: , . ‘6”i ,’ 

,I T .Development of large-scale’ jojoba #antations ‘for technical and eco- :’ 
nomic evaluation:-- ’ #se7=---- ’ a 
I. k%k’tlon and breeding fo&pr,oductivity, heimaphroditisqr (both sexes _b+- 
‘on the same’bush), cold resista’nce, multiple’ annual y.ieids, ea$y’qraturation, 
and a shape that,facilitates harvest; ” 

7 Agronomi~i$zstigatio.n~to define factors infiuencin growth and .yield 
% 

such:~as.alt&@e; teniperat&e;moisture, regime, fertilizers, plaTt-s Bcing,jratio 
of-male’& ‘f&male plants, and soil types; ,, i‘ ^,/ -.:.. B ,., ;,,.* 

,bi Development of YW uses for jojobti wax and itsIderivat’lves, and testing 
‘ergducts for- their imIk\tan~e and value to industry;‘. 

-- 51 . s.. ‘,. E p. . 
,.a, Detoxification of jojob? meal for use asanimal feed;:. _( D / ’ ‘. 
-0. Research, to .find siDyc-linked cbar&eristics that Would allow early sex 

jaentifi’cdtion of a seed o$e$ling; . .. ’ ” 
1 e / 

0’. Develop.ment ‘of co&m&&l me&rods of repetke propagation for rapid, ~ A 
production -of d&sirab~;variet$.~ This. would make possible large glamations ’ 
of the uniform, selected ,parietie&r-rost~useful to ag&‘ulttire.&d industry. _ 

i’ i” ‘,, 1 . a . . i 
,. “, 

85719; USA.:Price $5.00.) ., -- . . * 
Jojoba Happenihgs.. Quarterly Newsletter. Aq&&l &sqiption $5.00. Published bpth.2 
, ‘; ,Offiie of.Ari$ Lands Studies, University pf Arjzona, &&&$ess abbv5 

2~: 
k i . .._. . . 

. ..~ ..~ . . -.-L ..* . .._ ._ . ~. _ .. =._ --. . . . ,.-._ &.-. - “., _ _ v- G ._ - -_ ..- 

:t 
I 
: 
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, 
1 F ’ :$y 

:. : 1 
Miroy, N. T.. 1952.+Simmondsi,a or jojoba, .a probiem in economic botany. Economic 1 

+wry.6(1):41-7, ’ 1 

National Academy ofsciences. 1977. Jojqba: Feasibility for CuZtivation on Indian Res- ’ 
ervhfiqns in >he Sonoran Desert Regions. Washington, D.CI (Av@able from Printing a 
and Publishing Office, National Academy of Sciences, 2101 Constitution Avenue, ’ 
Washington,.D.C. 20418, USA. Price $3.00.) 

. 

Sherbrooke, W. C., and I$ I!. Haase. 1976 -(reprinted). Jbjob& A Wax-kod&in’g &-ub’ : ‘, 
of. the Sdnoran Desert. A Lit&attire Revie’w and Annotated ,Elibliography, i974. : 

‘,a Offi& of Arid Lands Studies, University of Arizona, see address above. Price $1 O.OO., .e 

Sherbtooke, W. C. 1978: lojaba: An ,Annotated. Bibliograph~c’~.@date. Office qf Arid 
I Lands Studies, University of Arizona; see add,ress above. Price $5:00. ‘s. ’ . I * .’ 

.f ‘A. L” q&g 1 , 

c 
OJXese?,i$h contacts and Germ pIa& Supply d . j,, P I 

* 1 Department of Agronomy; University 0.f California:. Riverside, California 92562, USA,‘; 
(D. M. Yermanos) +.\. , -_. 

,Deseit Botan&l Garden,.Phogn&, Arizona 85010, USA (H-5. Gentry) * _- .,k 
‘,’ 

. ..Nation$ Academy of ‘Sciences, 21.01 Constitution Avenue, N.W., Washington, D.C” ( 
20418, USA’(N. D. Vietmeyer),, 

Research and Development. Authority, -Ben-Gurion , .. 
,- Beer-Sheva 841 lO,,I&tel (M. porti) o, 

University ,of Arizona, 0ff;ce of Arid Lands Studies, T.&on, 
(J. Johnson) .’ . _, z ’ . , 

:Lists of ,resea&ch contacts, as well as suppliefs ofjojoba seed, 
‘be found in ~ojob4;Happ&ings; see Selected Readings.; ’ 

- ” 
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, . I, ,. . 

; then reboiled to ‘&parate the kernels. A mature tree can propce more than a 
million seeds a year., i 

8. 

I . ( Acac$z altid~ pods may be mixed with maize and groundnut meal for food 
“’ or com&ned with hay and succulents for fodder. 

. 
‘I . i . . In. southern and eastern Africa, Acacia albida is ‘always found in’riparian / :;\ 

1 . i. ~ comrnunities~ but in West ,Mri& it also grows away. from river banks and 
e ! --.i : watercourses-often “in cultivated lands. Its-,growth patterns vary widely; * ’ 

) 
^ “I. .. (. 

sametimes the trees grow&ngly, ~some?irnes in groups,-whose, up’per branches 
, grow’ together forming a canopy. Although it can be found in altitudes up to. , A 
) 1,804 m m Uganda, and as high as 2,pO -2,500 m in the. Sudan, it is more 
~ usually found below 1, ,$O:m. In areas where the soil is permanently moist, 

o ‘, 
:. the tree is likely to re am’ green for longer ,periods than in those areas where ’ ’ 

the iso& are only seas nally moist. Where there is a bimodal Fainfall pattern, 

I 

.,-” there are two flowerin , periods*and two flushes of leaf per year; c * 
“A The @wood is dirt .white. The soft, yellowish-white heartwood is subject. . . ’ 
’ *!: to attack by borers and termites.- Although it ‘is easy to work, it sp,rmgs and. .; -. 

.B twists after sawing, even when the wood is seasoned.’ The old bark is rich in . ’ ” 
tan *’ 13’ .!, = :(28 ,pe,rcent),, the ,roots ‘and pods are not (5 percent). In,*.northern ; 

. . Niger 
3 

, the pounded bark makes a packing material for.packsaddles 
and onkeys. ‘In West ,Mrica and ~Tanzania the tree yields a gum 

j qu*dy. ’ ,’ L ‘! ; ,,- . “ 0 
/! 0. , 

,/, ” i’ a’ 
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LIMITATIONS @D SPEbIkr, RE@JiREM,ENTS c’. 
; . I 

~ A&@,dbk&z trees are thorny. Some pods are reputed to taint ‘milk when fed 
to dairy cqws:- 

4 . . .: 
The seeds,,ss is-many ,.other species ‘of dcacia, are sometimes heavily ‘. 

infested irJith bruchid be‘etles. -The see@ngs’ are especially susceptible to , 
insect- damage,, but no more so thanmany other native species. 

\’ D .* - 1 i _ !i ., 
J 1 i ’ / ____-- ~- -4--y-“ - ‘--- .- i_.~ 

, i i ---;------- - 3 : . , ,: :’ ,’ s 
a- a I. 
a 8 i ’ J B 

~&aciir @[bida* deserves further investigation throughout its natural habitgt to 
“determine e&!ogical demands .and- lim$ such.as soil, climate, and altitude. 
Experimkntal. plantin.gs”in arid regions of Central’ and South America, Asia, 
and Austrdja should.be conducted, to determine: 

‘I: ‘T h : : P 
y T,he amount of‘fqage produced and its nutrient idue; “’ * 3 : r 

, *‘m The effect on liyes$o~ck~of protractedjfeeding; ‘, . ‘1 .I :. 
; The techni&es for propagating and cju~tivating the plant; * 

._ : z...ltspotential f@ qppicing ‘(regener&on via neti shoots); :A.- j ” .’ 
. 0 The effect ofbrowsjng on the plant; 3’ 1 I 

* The effect, of the thorns on aninials (camels don’t seem to care); ‘A 
0 Thc.effe&of nit,rogen fixation; anda 
0 Its potential tq-fix nitrogen; ----‘.--,,.i-, ‘. 

.’ , 
Codd; L: E. ‘k. $951. ,Trees ?pd &rubs ofithe Krugerknational park.; Bolaliical Survey 
” Memoiy 26.. D,&a$‘ment of-Agriculture, Cape,,Ts)wn, Uriion of.So;uth Africa. * % : 

?%lziel;-- JQ&& 19317,. .Uiejiil Plants .of West T%fiica! Afica. Crown Agents t?% thi 
1 Col~~s,.Ldndon!p..2e?,. * .: 

Hunting Tech&i1 Services (G. ~E:‘W$kens)~k9%3. Lund kzd Water Rqkources Survey of 
,, the Jebel Mark A&y, ‘Rep.ubl&.of th<‘Siidqn, Reco&iai+ncq .Vege’tation Suhey. 

Acacia-albida btil.~&gener~ sur$y (with seecial,reference to .qb&vatitis madi. m. 
‘the U.N.S.F. J&b&T&ura.Projecf)! Yolume 2, Adpen&, IV; pi). 2&72.., Food .&: 

.‘:. &rk~lture Orgar&&ori~T of phe ,l]lnited “Nations, ,Rome. ,(Order ? 
%A:SF/SUD/lsl.j , ’ ‘.: . ‘. <’ .‘, 

‘Ir&e,“F. R, $961. Woody’~~~n~~oJ~~ana.‘Oxiord Univ&ity Press, Lo;don. 
@dwanski, S. A., and G. E: @ickdns. 1967. The ecology ofskacio albida%n m&-&e so 

arra, Su&n. Joumqi of Applied Ecology, 4569-7.9,. I 
G.. BrkyerlBrand$jk. 1962. Medicinbl und Poi&ous Plot&.&f 

\’ Southern and Eostek Af?icu,2fid G.Ei. E. & S. LivingstoAe Ltdi,.Edinbu&? ’ 45 

j 

.\ 

’ Wicke&, G. IF;. 1999;. A’ study of’ Acacia albidti Del. ,(Mirnosoideae). Kew Bulle tiy . 
? 23:1$1:2?&. .’ /_ c. 

1 F 
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,c. ‘. 0 _ ,’ 

j a ‘1,; , ” i 

Rese{rbd Con&~ tind Qtxm Plasm Supp$ ‘, 
? ~ 

i 
1 ,I t 

‘a I 

*&&mum n&a&+$& SW. Also kn&n ‘as ran&n, capomo, etc.-Far&y: Mbraceae.. 
WI 

.L ::,” -‘. I .rrc‘: I . . . 5 ,., . . .z 
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0 .' - D 
j .: ' , 

‘&at the animals can, browse the. leaves, nuts, and twigs, ,which they eat’ . 
eagerly. ,Groves of large Brosinz~nz aZi&s?runi trees are consideied’.a source .of . .’ q. 1, 1 P 1 -1 I_ r,. . L--L”---1 ___^^ 0 

- * 

Y 

; ; nvestockreeaequar,ro me oes~pas~ur~s. ' '\ , . 0 I 'W; _ 9 # :I 
* ” ,. * LZMITATI~NSANDSPEC~IAL~~~~~R~MENT~~ ,' * -j .,, * . . . ‘\ 

Brosij~@n~bZicastrum trees grow to.heights of 20-30 m; t..re trunkmay’ittain 
. managed for fo&d&, the plant c&be maintained as a Iq 

._ ,,’ ‘- 
i.! 3 tree! climbers ‘a,re reqdi&d to $p o,fL the branghes of 

\ .’ -‘.- 
L _.. f , I .J 

i 3 1. v !. * / ._ . c , f , _/’ = I /’ 
1, - _- i 6 / / q, . , 

Y /” %I t‘ I 
/  

, ^  ,/' ./. WSEARCHNEEDS j ; 
/ I 

,~,I * ..' 
,,' ' 8; i .' /. ) 

I .- 

<The cultural requirements of Bro;imum $ic@zntm an,d its adaptabili& t”o new- 
- 1 . . .-. regions need testing. Reportedly, the:“tre’e can be grown from seeds,cuttings, 

ilr air lav.&s. Exnerim&rts ar-e needed to.d&ermine whether the trees.can be ) 1- ..- --, ---_ ---r - , -. 
clmely elanted- an 

1.: 
,d regularly .coppickd, The fodder y&d of coppiced~ trees 

; ‘~t1~11ld ibe determi&d “an&compared; ,,qith ,‘that of- other- droukt-tolerant 4 . . 
:r’$antsi, “- ! .‘. ._ _ ..I. .’ 

-.---. . __________ __ ‘%eeds ana leaves should ,be &died to determine the’nutriti#nal basis for ’ 
-IV- feed and ‘food values.‘- ‘. ;.’ ” :/- \” ; . ,G ,_ ,..A 

There s%e three named varieties in M,exico. These .and .other/,typ&&ould 
evaluated as feed 2nd food sources, ~ i 

I 
- 

I -<. ,: 

I- 
Brusimum alicl?sinini~]is:‘related to Arto,dx&us cornmu@, the, 

I _ -: ._ ._-- the Pacific islands, and Secause~ fermynted breadfruit paste has .a 

.I i remarkably long shelf life, a ‘study of the. fermentation arid storage behavior- 
of. Brosimu,h- aZica92 .-,. @-“et”fr 7 uit pericarp c&id b? of great, * 

‘. 

1 
,/ 

\ 

-., 

. -i ; . 
:, 

i 

.i I :-j hhtimd, h4.’ 195p. “Las P/antas ~edicino(cs~~~-~~~~~$d. ,4tll-cdi &dicio@s Botas, Me’sico,, 7 
1’ “,I:., Me&Go. 

r ., 
” 

,+$I- , I 

i4.: Patic J Tejeda, IL’ and C. Sinchez Mtiiiod. 1977: I3 I 
.,. 

osin’~umalicastrum .l&n!ort, .&Q~Q,. . ’ 
I’.. .I (Iii&, Ojoclle) d&irso SilvestreYT+-obical Instituto $2 Investiga- ,, t _’ 

&nes Sobre Rec,ursos-Bibticos, A.~~~,.Xalapa:Ver., Me&co. i, ’ 1, 
1 

* _ 

_pn,‘T.-.D., and J. Sarqkhan. 1468. &boles Tropicples d’e Mexico. FAO- and. In- 
-stituto National’ de Investigaciohes corestales, Mexico, D.J?&, Mexico.’ ..q ‘:,; :’ p _ _ -- .--. - 

Souza-Novelo, N. -1950. ,klaritqs Alikei?ticias y Plant& de Condimento que Vfven en . _ 
I Yucath. Instituto~T&.cni~& Agr,icol&fcnewenero. tierida! Yti~ata~$iMexido. ‘. ..r;, -- 

.- --- 
_ lf _ : ..‘i -- 1 
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, * 
1 BioGhemistry Departmqntb Laboratorids ~Nac?onalk. de *orhen& Industrial, Apartado 

‘Postal 41-537, Mexicd IO, D.F., Mexico (E. Arias-Torres) 1, 

Instituto de Investigaciones sopre R&ursos Bibtidos A.C., A&tad& Postal k3, Xalapa, 
’ Ver., Mexico (E. P&d&Tejeda) ’ , 

Jefe de Campo Uxmal, C&tro de Investigaciones-Agricolh de la Peninsula de-\l’$catan, 
Calle 31~A, No, 144, Cpl. Nueya,A@maq Merida, Ykatab, Me&o (P. Villanueva P.) * 

~Quf@to Biblogo: $alle 57 #$+74-C? $entraa Pediatrica, Merida, Yucatan,gMesicQ ,bF. J. 
s C&l&as-Pgtr0.n) ’ “$ - .- .‘,._* _ G 
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’ ;c;lssia stAii*, a beautiful’yellow-flokered shrub from the arid and.&niarid., 
regions of soutl-qrn.- Australia,. was introduced, i&,&a&as an ornamental 

,,.pIant. However, recent ,resear$h con,ducted.at.the .&search and ~eveloprirent ’ 
Auth$‘ty~~~of :-the ..B.er&Jurion. -University ,of the Negev in 3ee&heva, has 

“. shoiq that it has @eat pote&iala& perennial-fodder bush. = _’ ’ : , , 
Under :the conditions of the Negev desert, it has, demonstrated beiter 

I year$o!und. pal$ability ,t@n any bush .yet treated (A@plex ,spp. [!ee p%gc *._ 

~ 1221 ;Kuchia.spp., other C’assia spp.+etc,). It has gpod grazing resisrance and i I 
% The #leaves; have ‘a high protein co&e-r$--about 5;“i V percent-and annual 

,. dry-matter ‘yields (m: two grazingV periods).&f about 1,000~ kg,. er$a$n a 200 n I L--. . 

_. ,’ 
._ ‘ 

1_,, .- 
-- ._-;-L 



Un&ed Cassia s&ii. (gT.Forti) e: 

yew areas. Only. small-scale plantings 
trials should be instituted early. 

percentage of ‘Cassia @urtii 

. Iive.stock, toxicity may:not have been ‘evident.: : 
L 
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UNDEREXPLOJ: :ED TRO’PICAL PLAN+ * 

:\y * : q 3. I’& D - ,, _” j . z T -‘, ,.. , 

‘. ” . - i L,. j * ’ .; ’ I ;, ’ : !1. ;F -- . ’ : 
&%nnon, W. A.c-1921. P&t Hubits ami’ Habitats &the Arid Portions of Sc$fh ..&fn;li~ 

Carn~gieInstitutidn of Was@gtqn, Washington, D-C; 0 ..; 

Tydder Shrubs and ~Th&ir Eval&tion for I/se in’.:, 
s$rn Negev. Negev $rstitute fo’r Arjd,Zone -Rdsear&: e : . & ,_( .- 
. The.Use.akd &we of Shrubs and Q-e& is Fodder. 

mperial B*urcau of Pastures and Field Crops, ~Abc&twy.th, \ 

imperial. FordstrY Bureau, Oxfo;d, Tmrjerial Bureau of A,ni&l NtYtritic&%berdee.n. 
‘gymon. D: ?Y.’ 1966. :A rqision of the genus Cassia L+, Caesalfiiniao$e’i;i Australia: 
- ?raqsactions Ro)al, ‘efy tif,Sduth A&ralia. 90:73-151. “’ 

* , I’ ’ w 
:. 

: . Researcli Cant bid .GerniJ%sm SUpply. ‘. c . -: 
.i 

BotaAic ‘GardeG and State ‘Herbarium, North Terrace,% Adelaide, SOLI% Australia,. Aus- Lq @I m . :. * 

University of the Neeev 6.O.B. 1025,’ 
L -. “, 

‘:a _) 
&elaide, South’Australia, (D#ymon] [,no’seed] - 

. . 

. ,.:’ ., 1 . .-” i * I . . 
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<.C... . 
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I 
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_ ,a L . . * .: : 
. c * ‘, P. r 
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Saltbushes of’ the genus Ab-ipZkx* ‘grcy throughout the- world. They are 
highly salt tolerant, and many are p&eruial An&s that remain green all year. 
They make .useful forage in ifid zones of the world. For example, A triplex 
nummuZ~l’ie’~~~ows wid in .dkep soilvwith omy 1 St)-ZOO mm annual rainfall. 
They resist temperatures aslow as - 1kj-O to - 1 E~CjYwithstand~heavily kxtured 

’ soils, and tolerate~salinityin soil or-water. _’ / 

&.earch indicates~that, the. nutritive value of Afiiplex num~uZaria a.nd 
Atriplex haZimus is high: both 6av.e a digestib!e.protein content averaging ‘1’2 
percent of’the dry-matter ~(about the same as that of. alfalfa). With ordy-2Op ~~ 
mm of rainfall these two ‘species have’ produced. 1,000-l ,50@.feed unjts-pti 
ha, which? is abut. 8 to. 1 0-“times more’ than a- good, native past$e’j&oduces 
under. the-same conditions.7 They have tivived (but without re~rodkng) a, 

’ 12-month period with only 50 mm rainfall.$ .I ‘. ; 
* : ‘, .’ ’ 

*Atriljlex spp. Commonly known as saltbushes. Family: Ghenopodiaceae. 
mc .; ,- 

TMalet, ,I 969. Ziani, 1969. See Selected Readings. 
*Franclet and~LeHouerou, 1971.. See Seiedted Readings.’ . 

,, 2 



i plaR&ticm of,A&pZex s&c\es kstablished”‘near *Beer-&&a, Israel, to provide forage’fqp 
livestock. Rainfall Rcre is’ab0q.t 200 $m.annually. At the 1eSt’i.s Atriplex n.ymulariai i!l 
th.e center (heavy “wif.h Gruit), ‘A.tripfex cane$&x. Atriplexes can make areas productive, 
that a;e ot’herwise &eies $~:pd’ s$lt. deva’stated:. note the’barrenn’ess 6f thB surfcmnding 
landscape. (M. Forti) - ,_ . . i . &‘C D ,* 

:’ . 
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A triplex hz~~&$$ q$ltho& not 1 cop;sidered. a’&q~i&r! iplant: reaches 
‘,into some tropical areas of “Au&alia,- Because. .of its %pofta,n~ as a‘forage 

k plant for arid and semiarid .afeas; ‘it ‘should be a&&g, the first ,to”*be 

g ‘introduced into regions with similar cl@@. It is one of the n-r@ palatable of 
the atriplexes and is highly drought resistant, It has- beerr ,intro.duced into 
Israel, South and North ‘Africa, a.r&n$o several Sou& Americab countries for 
testing as a forage plant; yields in I&e1 have~b~$+r~high. o .- ’ 

Akiplex canescens and k triplex cane&&$ ssp. like&s gre$Ior.tli Amerkzan. ,_ 
species that grow il’r semiarid. aleas where”s$ng and fall rainfall patterns are 
typic&. These plants have as high a ‘nu$itive p+.re as A triplex n~mnzulad.. : 
Datability is siinlilar to rirunm~laria~; they are eaten by sheep -and - 

8 1. . :. 
. 

Atriplexes kill g&v.h$aljne soils. be&& they have-% 
the salt that their roots gbs0r.b. Hairs on. the leaf suxfaces swell 
accumulate salt;‘eventually they’burst, scattering the’salt over the outside surface of 
the leaf. (J. R. Goodin) . ’ ’ 

- a 
: 1 v 

t 



the dry ‘season; In+~&riXed system of 1 -- p 
ese~and_&l-Wnetily i$&&&ed7 $&i&s .+, 

3’sheep .perha”in.‘ad~ area- of 1250 mm . ’ . ,“ \ : ,‘ .” . ” * ” 7 
< hhnus, a Mediter&ne’an splcies, has 

:. 0 . 

e, canes&hs -or th~~~2I.rn*i?lula7li~,~-llowever, it J ’ .b. 
It will .grow in shalloiv_,so~,and on slopes where $k others . 

and c’ittle. show “a preference, for it during the ‘j 
It does well with a rainfall of 200 mm? 

a 

. 
._ _ *. ‘. * , ’ . -:‘, “- o 

( Atriplexes are salt iolerant. ‘Laboratory experiments‘have demonstrated ’ 
: ~. 
, 

*. that Atriplex hlimus, for instance, will grow ade.quately wl~en.‘irrigate-d with ” *,, , 
’ saline (nutritive) solutiob containing as much as ‘30,080 ‘rug/liter of sodium 

,’ .’ 
I_ ,P I i 

. 9 * chloride-.* :They excrete’salt by forming ,Jsmall salt-filled bubbles (vesicles).on 
,’ the leaf surfaces: When fu!,l, the vesicles burst, ieleasing,the salt to the wind. p I 

* ,/I Atriplex cuItivat$,n is &imple,r Seedlings ,o,r cuttings are grown in a nurser ,~ 
,’ . for 3-G months, apdthen,, jlarited in‘ .t$e”fields:(l m+ by 5 ‘m apar.t)’ early rn 
v*\. *( spring, preferably after ram, No:rmally atriplexes’may be ‘grazed .@en they,. ” . 

Fe 1-S m high; tiliich~is &ten in the second or ,third year. Native &nds of m _- 

‘I’ A$riplex halimus yield about’)he same’amount of browse and tiodd. ’ * ” 
‘-Atriplex is. r-10; cultivatedi,in Tunisia as a fodder ciop and several hun~dred e. . 

‘additional hectares are plante,&,every year. * ‘; _, . b+- Q %y.:. ,,- 
, Although only four *specie$ are mentioned hc,re% other” Ai~pkx,k@ecies * . . 

should be co&idered’by researchers testing the use of atriplexes.for arid-Tone * : 
Cfodder., . 1 ;,. : ‘” 

\ ‘” * <p e- .> - .I. I * 
. : ‘< :-* 

: ,.’ .j I 7; 
LIMiTA?IOI’$ AN5) SPE&Ai REQhREMENTS 

‘9 . .i i 

; ~, 
‘\ ---’ 

.v:, “I<’ I - ; :’ 
,.-r m,. i ,~, 

j, Some sdientists-have questioned thejpalatabil~~.df~~~~i~Z~~ species. However,O .,” 
2. numerous experime,nts an@* the ex&r.ience~ -of .farmers”-show that attiplex is ‘. I 

’ accepted by .liv.estodk dymg the sur&r& anh fall (winter and’early spring in ’ .’ 
western United States rangelan&) wl&i there is no green feed ont,he ranges. 

Under saline conditions the leavei,,may h&e surface’ deposits of salt_$&t * 
may limit intake by livestock, especially .when drinking wajer als,o~lra#?high b ~-1, 
“salt content or is in short. supply. Lo% levels of oxala_te have beflound in 
ktripZ&, but they are well below.harmful amounts. ,. 4 ‘5 * ajl 

t *Zid, 1970. See. Selected Readings. Fpr, discussion 6f the’impc&nce”“b~ salt-tolerant b 
‘I, plants to the development of arid lands see Mar@ Water for Prid fmzds, .BpID . 

.Report Number 14: Avail,able without charg& as noted on ptig,e 187.3 _- , * , 
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<The pla$s must fgst be *$u-sery &qwq,“&ich is a limitatibn becausk it 
*creases investr+nt cqsts: I\ - v. 

‘I ‘ln niany areas @A@jkx spkciesiattrac; r,odents and othe$ wilfl animals, 9 
: .; which consu,m-e’;the seedlingi b+ore they have a &axe to, grow. O ’ : 

. 
.ti . ..> ’ - _..’ L 

‘ .;-cJ 

&at @{rarate’4 defoE&i& %ell ‘and Xhat have a vigorous patter9 of’regroh 
after brbwsing ar’e &~neede&., n . 8X, &’ p e : ,: . , _. , ^. 

,’ Bonsma, H. C., anaG. S.@‘M&&,.i972. ~actus~n#Qldr&-Saltbuihas Feed’for Sheep. ’ 
_’ I$partment of a&cult& e tid kres’try l&/llnt$ No. 236. The.G~overnmBnt P&ter, 

Pretbrii~ So& Africa.. 
” ..kx%j M. -1971. ~Mroduction of @odder 

-I’m’ **. L 

Semi-Arid Areris if the:’ Nort$Western. 
and -Theirwbaluation for Use in 

.‘*. I’ Reseafch, BeerBheva, Israel. : 
Negev, Instikte foi Arid Tone 

Fianclet, AT, in&@.‘N. Le HO&OK !I9711 Les 
“’ ‘(English and French.editions) Inktute ce. 

t&Zex en’%nisik et en Afrique du:Nord. ” 
bbisement;T&&e, FAO, Iiome. :- 

-Imperial Ag&dltural Buredyx. 194-$ The Use did visuse of Sh-ub~ and TFi?eS as Fodder. 
+ - Joint qublication &o. 10. Imper+l Bureau of Pktures and-Field, Cro&, Aberystihrythi 

/Imperial For&try Bpreau, Oxfoid; Ikiperial Bureau o’f &in@ Nutrition, Aberdeen. 

‘. 
Jones,, R. M.,et, al. @d.)>I9J70: The ;&ology ,of Akplex.. Studies of the Aus.%alian Akid 

Zone. ~bmmonkealtjj :Scientif$ ar(d Indust$p Organizgtiwi, D&ion of ,Plant 
Iqdu&y, C&&q A$&& ::‘T,,” 8’ ‘01, . . ’ 

Lac$we;r, D., and N. Ta>$m$. 1,965: .&de qualifative de l’&riple~ haiimus comme 
plarite fouriagke p&ant d+s ‘ies co@itions ;semi-aric@ Td’Israel. ‘L ‘Agrtino*%zie 
Tjwpical.. 20:.3, l.3.2P&is. ’ ; t;-.‘ = ; “’ ‘.!,. .’ s 

Le H~u&ou, H. N; 19.!4. The U$efti_l S&ubs of ihe jIkditerr&~ari iash and the Arid. 
~?$@kal,B.$t Sou(fi ff the Sah$ P&t Division, ljj40, gome. , ‘, 

I+ / :y; ,., 
‘sg ;1. i k:,J I 

$ I ‘; -‘, ; ( ;: ~ = 
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I.+z HouBrou, H. N. “1670. Nqr& A-frica: Past, Present, Futui6. In Arid Laizds in - 
fian&on, Ed., . H&old E.. -Dregne. &. 22,7-78:* Qer&n ‘As&cjation fbr ,th& 

XAdvancement of Science, ,ashington, D.C. A: i-3 , * 
_ M&t,.P. H. i969.@%miers Resultats diun Essai d’Atriplex~urnm~$tia.sw solAigilleu~ 
. noi Sali et sous Pi&viositt! Naturelle fi‘BCendi Zimun dans’la..Plkne dt?‘Kafrouan. 

I 
Document Technical 133. Centre de Rkchefche,de Genie Rural, Tunis,.Tun$ia. * 

Plummt&, ,A. P’., S. B-. Manse?, hd P. R. Christensen. ~?66.‘FduMirig“Sa~us~, a”Shrub 
for Fu@re Game -Ranges. Utah State Departmeiit of Fish and Gamd; Publication.. 
664. Salt Lake City: jJt@, USA. 

Rodin, L., ‘B. JJiiogradqv, H. Kalemov, Yu. ,Mirochn$chenko, & P$t, -and’ VQ. ’ 
Botschantzev. 197%. Etude Giobotaniaue’des P&rages dti% Secteturl‘Ouest du 4%: 
partement de ilft$ea’~(Alg&ie]. Inst. Bot. Leningrad. ’ : ~ /’ 

.Sarsan’;- M. 1990. kksultats d’un Es& su~.ljllimehtation du Mouton Sn P.$iqde de 
Disette Fdqmg&e au Centre d’Qusseltia, Technical NQte 6. .$AO;,F!w/Tui 17., . 
Tunis, Turiisia:‘. - . * ’ .& 

” Uja,h State University..0i972. Wildlkd Shnks-T%eir BiologY qd ,Htiiiza&m.“U&&d 
States Dep&ment * of Agrictilture Forest Service :Geheral T+h&al ‘Report INT-1.’ 

. . ‘Int&moun~ Forest and Range Experiment Station,Qgd&G %I?& USA. ,: *’ .. 
Wilson, A.‘ D. 1964.. The Sodium Intake df Sheep Fed with .A&plex sp.. and%oc.tia sp. ’ 

Commonwealth Scientif?c and, In’dwtiial ,Organ@atioIT,, .Divi$oh of Plant Industry,. 
Melbourne, Australia? .I ..I . 

; .* I 

‘: ~SOII A D. 1966. The valup;’ of Atriplex &l&&h) a& kochia (biuebu‘sh) species-a; ‘1 
c3 

“1 .‘l& fir sheep. Australian Jou&al qf Agric&rul Research. 17: liy-53. - , 
Z&i& P. 1969. Exploit@ion &s for&&ions natuielles d’At;iplex h&rnus. Commission 

pour. 1’E’tude des AtripZex.’ Do&neiit No. 13; Inst$te Ratio& $e Resberphe 
Fores&e de T~,JI&!~ Tunis, Tunisia. 1 _, Cd, 

23. 
Zid, .E. i97#.*~lmf2u~~iiC~.;,d;.,.-~hlo~re de’ Sodium lpur la kioissance. et .la Nutrijion 
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Aride, Tunis, Tunisia. _ -’ -1 3 -. ‘, - ,. 1” 

.:. ,-: 
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The. tainarugo* grows in the ,forbidding -At * ama De&~-t of northern Chile A 
where .a salt crust .several feettltick covers the soil., Few.useful plants can 
survive the t extreme ~condit&ns ‘of tamarugo’s” .‘native habitit.. In salt-, 

‘_ devastated regions ,of suitable, climate,;tamarugo,~‘an.evergreen plant, Gould 
becomea year-round fodder supI!&, Its pods, leaves, and seeds ar.e nutritious a ’ 

19 
,.‘and it is used.& fodder ,for sheep arid goats., I 
rug6 is a ‘Sparsely branching, leguminoys tree’ averaging 20-L 

feet’in height. Chile’s nitrate .industry used tamarugo timber extensively for 
-.,T fuel and construct?on. in the -earl; 1900s.. A’ 300-ha &ntation was 
‘. established to replace al&&~ extinct tamarugo woodJa.nds. The first 

* . 1.. 

: x5 ‘\~. 
-(so$e~&& a&$t f&r, as long’&.7 y&s), b{t 1 

4;:. the; ‘iFees receive moi$re &@ri;. .a fog&$&z& and from the slightly 
1 .‘;.brackish water tabl~,v&ich is k.2 ~rn+elo~the.su;face and is fed by runoff-. 

‘ffom the n&rby:@&$~' .., : ,: ” .:>i. .:- _ . ’ ,I f&:;y .A;’ ..‘;-, .$ 
‘. ; Now. ~growjlig..~~gh”the..~~~‘a- ;woodlandrc$ ~$amatugo is. supporting 
,-. $$ep*at’ rafes,com$$%tbfe to those ~‘of”2ijgh~~ua~~ -$rsture~ elsewh&e* in the 

8’ ‘w&id. The ‘shee$ thrivii provjng:. a palaQ&lity. ,a& nutritional value of :’ 
-I -,ta$aru&.as forage&!!Xnde~~l !$#YoJ’e~~~$O~$ ‘sheen; have been maintained ,on a, 
’ tar$a.r$o $&rtationst Angora goats ‘*and Karakul> Me@o, Romney,’ .and 
L .’ Eri$l.rsh- S~~~olk~~~ekp..~ed fat: ~ithCt.~~~ol-;;lr~d~~~~~~ or meat. M-eat 

-f&m,. tamarugo-fed.;&&$ ‘h& an ac%ptable~flavor. :Merinos have produced 
-“mo&&a’;; 4 &&woo~.‘$er &&.’ *‘. ,)I .. ‘“\ _,. ,.i~. ’ . . 

.“& .pi.lot introdti&$ ‘of 2,CJOO trees :for.’ goat, fodder was ,established &I ’ 
,Y .hi&ly &ine soil &$&as &&nas in ‘the Canary,Isiands~in,,l973: 



0 
. 

2. - ” Because “little is-known of. the envirc?fimenfal’consequences of i2trpducirtg 
. . tama&go to ,ne.w regiohs, care should be’taken that if does not become a. 

+ pest.. In extrqme codditions similar to. those in: the. Atacama Desert,Q should 
-1 be safe, but-iis aggressiveness in more hospitable regions is unknoivn. - 

+ Little’is’known of the ccpndmics of its plantation and use< ’ * l ,’ : ’ .a _ 
‘It& boss&e that the highfpro‘tein tamarugo diet ‘mayresult in decreased - 

F :, _ :,ftiility ;“rams should not be held permanently ,on,thk tamarugo ‘plantations. 
&$-nals feeding on t’amarugo require suppleme’ntaryb ratio@ of cobalt, iron, 

. 
‘.’ ” .magnesium, and vitamm A. ’ _ I 

I 
. aa Since tamarugo is the *only i plant ’ that. does ti?ll in ?‘s+~ch harsh * 
‘environments, a monoculture has been established. If disease or pests 

* ‘develop’ there vjil.l be few, if any, alternative sources of fodder for the.-. 
- livestock.~IZconornic disaster might result. . . 1 . ’ * - I’ 

A thorough pollination ‘is essential because up tb 70. percent of the fruit 
?..‘I . can be lost to insect .pests: Throughout tamarugo plantations in Chile 

seedlings of the related algarrobo (Prosop@ chz$nsis’Stuntz) are occasiofially 
I ‘_ .C introduced: The -plants are not palatable to,, the sheep, but their earlier 

“flowering provides food for the -wild’bees that $ollinate the tama.rugos. 

--- 

. _ i; 

I 

1; 

* .’ 

“e 

Tamarugo’pods need%xtensive leaching befork they can be eaten by humans. ‘_ i j ” . ,. 
.” . \ ‘<. : 
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Sheep ,beiri/S fed,among- the tamarugo trees in Chile’s Pamia. dei Tan~aruga$Th&&& 
., of the.“niost salt-devastatgd areas in‘ thd ‘world; and rain is often absentdor yqrs on end. , 

Nevertheless, sheep; are raised a on.’ tim%l;ugo at o &&king rates apprTa&ing th& 
obtainable on good p&uies in temperate countries. (M. Safquis) ’ * 1 ii.. ” 

_‘, 
: ,. ‘* -_ 

* ” lj “’ Q 
- : 

. 1 ’ . :;\ 
’ : Pilot t$als .,to raise’ .tamarugo in* Ce~tral”America, northeast .&A& ‘the;: 
r *Middle East, and aridrecons in Africa are recommendedB; , : :.. ., I.;-, _- 

P Qq&+marugo is outstanding in its ability to.iesist .&lrnity stre>s. I~‘coul~ 
* serve as -an experin&&l pla@ for. investigating the* physiology -,of sal6: 

resi@nce. Such *experimentation &uld also, lea$ to means’ for raising. 
knarugo’s productivity. _ : j . . , .---1 . i. I -fi. , 

-~- ~~TZIection 
-..-. -7- 

and breeding methods .to develop. strains .with ,&i&her yields of 
pods are badly needediaSyet no such~ research has been attempted. r L y 

dther salt-resistan~~:ec~~s. must’be four&L to inter-plant with-tamarugo:* 
- The economy of a pl&&$n’will then.not be so dependent &the. fae of a’ 

Elgueta Salinas; ,.,H., and, S. Calderbn, Sanchez. 1971. Estudid de1 tama&‘cgmo ..’ 
-- 

prodiidtcir & &inento ‘&l. gar&o-lar& en--la %rnp~ he1 Tamarugal. (4 study of 
tama~ugo. as producer of forage for sheep in the Pampa det.Tamarugai.) Jnforpe 
Tecio&itiq. 38:li36, Institute Forest& Sr@iago, Chile: ’ ” ’ 

~ Kirby, J. M. 1972. Chile’s tamarugo project. W&Id c)*op;~*24:2&-8. 
.I . \ i 8 .I ‘0 
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The lhriti’palm,* 
1 . 

which gro’ws by the millions throughout the Amazon basin, 
Venezuela, and the Guianas, has a remarkable ra’nge of uses. it is known as , 

’ the,;ree of life because some Indian tribes depend ov it for all aspects ,of their 
livelihopd-food, $rink,-shelter, amllci’oth4ng. 2 l ’ . 

. It may wel-l&be-the most plentiful palm in Sodth America, yet only minor , - 
attempts have ,been *made at Commercialization,m Potential .products from 
bu;iii:include oil and starch 
for twine, sacking,“’ 

for food; wine; timber; cork; and industri$ fibe) 
,net!, ,.an.d hammocks. F&sibility s!udies of bqit;‘ 

productionw and e~ploi.t&on are recomn;knded to,.; researchers, private 
itiv+pr$ an’d government agencies. ’ 

, 
‘\’ 

I - 
-\ T 

Buriti palms grow mostIy at low, altitudes in groves n~ar;,swa’mps and , 
springs in damp soils that’ are useless for &ricu.ltyre. Their p$sence ofden 
indicates the e,tistence of,water in dry count~ry. 

,rr - i ., a 

The buriti have’leaves 3 m t@rg &id reach hei 
scaly friit is roundish:(abput t$e size bunches. After 

’ scraping? the f&&soaked to ‘soften the scales 
“has a pleas&tly; sweet, ltapgy taste and,,is 

, as? citrus fruit. ~The ‘&it could be 

: , 

.easily. It yields almost 50 

,. .the Africanoil palm 

‘.f * ,h 
* _. 

A 



% 
. 

. 

: I I?. 



ted, the fiber’s wide use in’fndian 
;’ l~&&ing~ net$hammocks, .mat,s, hats, and 

\ 
askets indicates t.hat; it &serves 

further research, ‘*. ’ . I ! D di % -~$ I _ -I 
I I ’ o 

.j:. _ -- *; 

$3&y .**.- =‘ ” 
;’ .a ” , “‘. . .~ 

~,~~~The.,burrtr palm has.’ seldqf” been grown outside. its’“natja~~~~abitat T&s 
nothing is known of agronomic restrictions l that will’i&nit its .use. elsewhere. 
*l!!% example, its soil requirements and i 

9 
nvironmerital tolerances are un-. 

k&wn. it Mayo be limited ‘to swampy locations, but it se&is likely that‘;<. O 
--se.ealulgslare,9~.~d-a~~~i~y~ -M~nbe gr6wn tcrmatqit y i-r-- a 

, 



palm cooked with sugar, here ‘being sold 
’ ._ . Ih;. _. 

: , 

l 
t 

- ** ., \ \ 
“The 

.,v’ I 
a ronon& r&@@nents to broduce buriti in p&tations %re virtually 

unknown. Therefore’% 
‘harves$r& should F 

I$ ;fac%ots/affe,cting’ the feasibilit’$,of cultivation and 
be k$!$9red before it can be mass‘ cult&ated outs@ its 

native/ South American; so& !I!he econo~rnic a!$ests ‘ofharvesting . and . 
procebsing the’~iid;s’tands also require extensive study. .. * ’ 1’ 

b 

.e ‘Many opportunities .exist .f6r research’and testing of buriti ,produc’ts in 
food,’ fiber,: %%A timber industries.. Testing ‘should~ involve. metho.ds for ‘* p 
obtaining the raw products as. w&l’ as their formulation and fabricat@n\jnto : ,.. 
marketable items. .Obviotisky;this tiork” will have to be &~ne in the northern L 
South American c&rtries w @ant is now available in quantity. . 

. Many of the pomfs .m 
s&cted tr+ipl p&y, Om 

c burifi alsozapplytto Some &her 
of. research are Are&h pinnatb ‘and 

N~pa spp. .$hat are. natwe RI’ s&kneast -Asia. lLihm~~am;~fq~e~$?~~ 
grows in drier,soils th@r,buriti &d‘it may prove superior t”o buritr%n”regions 
where the waterloggedsoils are taken up with r&e cultivation: “\, 

‘i‘ * ~ ;;: ‘\ 
,F so ,. I, s, . r ‘$ & ‘\ “‘ . ;- 

*ii ..\ iba. a”: 
.., * J 4 -a z \ 

,- I k I \ 
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Amazon i$ok: A ~econnoknncp ‘of-the&oils of. 
Cent. Lan‘dbouw.j Hoge -School Publ. 

-~xVera$tgen Landbouwkundige onderz. ,-‘:. . a -. ’ . 
; Sutiez, hi.‘l966;‘Les utilisatiorfs du palmier “@oiiche” (Mauritiafl~.uubsa b-f j’&e’z 1:s - ‘.:. * 

‘: W?r& du -Delta de.~~‘Orenoque, Teirjtdire Delta. ?Amacuro, Venezuel& ?&$I~$~ - 
d;4gr”cul&e nopic&hide Botanique A$p1iqu&?;‘13/1/3):33% *.’ 

;\ W&sels hoer G. 1965. fii Indigenous Palms ” of Surinam. 
-.J:’ -.c> .;_ -: 

1. N&i&lan&. ’ I .T.+~ ..* ._ ’ 0,. ‘? 
Ef7 J. Brill, :.Leiden, 
.A .1’ 

I\ : .-,. i 

Lv ‘- .z , 
+ai& Hortorium; Cornell University, fthac~~ &i&v-York !485$’ USA”(H. E.Moo~e)- -. 
ClzPLAC, Itabuna, Bahia, Brazil (P.:d’e T. Alvin) - ., -‘- 

.- $epartment’ of Rotany; 
>’ 

Smithsonian. Institution,.Washington, D.C. 20560, USA (R. $ 
Read): .’ , . - +. 

” Morton Colle&nea, “hive&y of Miami,P.&.,B.oi 248204, 

a’ e* 

USA’(J. F: Morton) ,,” j o 
’ ,,’ ’ 

/ 

‘- 0 a ‘I I : < ! .- L , 
Caln&TTZute~* iis a tall,’ large-leaf/d heti .tbd gro& in semizinuiitea “or 
upl?nd areas an! along river $a,nks.In’Squth and-central America. The coating 

:*$n ‘its leaves is: a potential ,source :o&om@rcial,, wax that iqI~-Grnilar. to’, and 
Can be used for! the saine pu'iposes as, carnquba the best wax knowii. Extract- ’ _--I ,~-I- ---~ ~-~__. ._.._ ../!. ) :o 

/ ‘_ 
_. 

s \ 
_ *CMatheq Zutea /(Aublet) Schultes. Afso k@wn as cauassu, casupo, hoja bla?ca, and 

bijao. Family: ;y,alantaceae. .- _-.. ~_~__~~ ;., ‘!.i+c’, ..- -_ ..~ I~% ~.- ..I, -’ .‘._. 
t I 
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l “NDEREX~‘LO;TED TRdPICiL PLAitiS 

.. ,t/- 

/ -1% , 
lute! howing in w&rlo&eh soil in t 

c _ 1 
. - ‘-+$ ., ,’ 

fl 
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wax.) ~~c%fs. as a thin layer on the undirside of.? 
owing leaves mature ip ? ths Andy have an average 

yield of 0.7 g, wax.*/rlzis w&Fan be remsved easi] , witlicmt machiniry, but’ ~ 
,cont$‘tis a ‘repin &l&h, fof- scqe end uses, must”be, removed by solGent <.I 

.c.Extfaclioh. .a *. .’ 

-C&atheq h&r% easily pJcpagat5d.froni seed 0; frqn pie&i ii r$@omi &J’,T 
. sim&i &&in&thefi .irifo ti?e;soil or mti’d aid IFving t$@e’\oisprobt. A??: 

many as 75,000 plants can gr?w ‘& .one hectare:Otie h~rve$,is possible,the 
fbst year; thereafter ‘two hanPests pei year r’eault-in ari*a.tinual.yield of 800 kg ~ 
of brtide wax peJl?. *” y---y 1. ( -A 

. .-o= 37 i -A,... ) /% r : 

d I 
_ ,. _ :$ 

*One mem&6 af the panel’ (MOB) &S nc$%!en’sble to duplicate fhe,,ykld of 0.7,g’wix ,.Ar’ 
from a led20 X 50 cm that$$ereported in ttitie’ literature: .I ‘9 : , ?Jg 

I I. LT a$; 
./ ,i . . . i, I / .- * , 
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‘. j Selected Readin& 
. ‘1 * 

1 T, 

Ac&sta-Solis, M.. 1973. Production de c&as vegeta;~s.‘La;;lSlci~~dal68( 10): 20-2. -r 
Anonymous 1944. Lower-Amazot plant has possible com&ercial vhe: Agriculture in 

:-- “the Americas. 4(2):37. .si~s*‘ 
Mtirs;,W. B., and C, T. Rizzini. 1966. Useful Plants of Brazil. Holden-Day, Inc., San . 

,’ ,’ Fr.ancisco. 
,Standley,. .P:C .,.. and J. A.,SteyeimGk. i952. Flora oi Guatemala. 214;3):2&1-3. Field . 

‘~Museunj gf Natural History, Chicago, Iihnois, USA, - 
.’ ,‘* 

- 

.I 

. ’ 

Centro’de Recursos Nafurais da Amazbnia, BeI&-, Parri, Brazfi?.J. Pires) V - 
Director, Office of Biological t$nservation,,;Smithsonian Institution, Washington, l$t& L’ 

1205613, USA (.i. S.‘Xyensu) “. ‘*t -,,. “‘- 
%. 

< , . 

j Ge$n:plasm.couJd be readily collected in,th?*v$uity of’lcticia, Cohxnbia. B ‘“; ,+‘* 3~ - 
c (7.. 

_. .:* 1 .l v-. , ,\ >.<. . d I$ 
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The* leafless stems of the ,North American desert shrub“candelilfa* exude a 

” white wax that has valuable industrial potential. Although wild stands are ‘ ’ y 
4 

“Y, harvesfed occasionally, no effort hasbeen made to deveiop candelilla into a b . -.-:, 
?* crop. Research could adapt. the”plan& to cultivation; reduce..harvesting costs, ‘. 

e ’ 
., and ir-r$rove the wax-extractior+proce&. With these improv ments candelilla 

could become an important source for bringing f,. 
, ‘developing iatjons. 3 1 . 

&urrency to arid ., ,- * + % r 
Synthetic waxes (largely based on petroleum)’ have not rgplaced na’fural ,. 

iwaxes in Jhe marketplace. A continuing market for natural-waxes is foreseen, . ’ \ 
especially ‘if production could be moder’niyed. The cand&lilla plant appears 
adaptable’ to mechanized cultivatio’n. Moderp”entraction m tho& can be 
used; resultir?gin a cheaper and superjor wax.“ye production I Qcarnauba .i x3 

f . 

’ 
,’ wax, candelilla’s major comRetitor, requires-much hand labor and ca 

casilyr~~&$ized. As labor costs increase, &d carnauba. becomes 
exp~~3i.$&&andelilla wax might replace carnaub&T: .’ 

C.$@IIl’llla wax is an-amorphous. solid, yel&w$h brown in color, that is ‘,- :’ _ 

,., * .used as a substitute for beeswax and carnaubi. .,When refined, it is used7 as a 
hardener for soft waxes.(e:g.,Eraffin wax]??’ ndles; polishes, chewing gum, 1 
leather , goods, varnishes and- lacque&.se&ng 1 ;,es, @per sizing, dentar , ---Aax ’ ’ 
molds, and electrical insulating materials.“Yii e’ 1 ‘.\ .,*; ’ 

Abundant in deserts from’,fhe Big Be$d area of Texas and southernNew ‘a. 
q. Mexico to -the Coahuilan’zdes;ert in Mex$o,, candehha requires .omy lo&@0 .’ d .” - 

I( i- mm of annual rainfall. It, glows best on &‘cky, sandy &pes, in soil that is well .: 
drained and ‘I%& in humus. The waxykoat’ on stems and leaves is reported to 

c 

? “‘be thicker in drier months and drier areas. Candelilla%rakes good, forage for i * ,’ 
goats and rabbits and; does not seem highly susceptible to diseases or pests. 

. u The plants can be easily propagated from cuttings or from divisions placed in ’ 
-7 .g moisti sand. They require from 2;!;5 years to produce wax in quantities u 

L ,. ‘J,‘,‘f~., ..& . . sufficient foriicommercial use! C$rdelilla wax can be produced‘year-ro-u&l, , 
t 1 .r t ;L, r. 1 i. u.,-+ ,” _ 

*tq 5 Ic but. most is now harves&l ‘during the winter, when migrant workers are “, .’ 
p. r i ,. available. 1 Sometimes, ‘~&&Ps are .harvested and stacked fo,r later wax ’ *, ’ .: 

. -extraction. i -‘;’ 

I 

? 

’ The waxy cover sep-arafes when the leavfsand stems are boiled in water o? * 
$ 

_ - , 
+j the wax may be extracted with= solvent. Only 2 percentBof a plant’s weight is “51 I. 

removed as wax under-, pr.imitive field ‘conditions,’ but yields of %3--5 percent ’ t ., 0 c 
’ .1 0 .i ’ I( ” ,’ b .,, (0. e ---I__ 

*Euphbrbia antisyphilitica zucc. [l?uph&bi.a cerifera -Alcocer] . Far&: &uphorbia&a‘e. * * 
-fgor,,other coypetitors discussed in-this report, see Jojoba page 105 and Calqth,ea lutea .” ’ *> 
pige 137. - 8: ‘ I, _. 



142 . . UNDEREXPLOITED TROPICAL PLANTS .- . 

; \ 
The candelilla sant. (W. H. Earle), 

“. I - . 

I ‘i 

. * have been achieved in laborat& &sts. The primitive methods ‘%ow.inuse ., 
J contaminate. the ‘w-9 with colored impurities. ‘, . 

” I Candelilla v&x ,is marketed in the United ‘States at about $1.50 per kg. In,. 1 _ 
? .:the;pas& the ;United States imported nearly 5 million .kg per YearZalmost half k . . 

: . ‘*as us&in coatings and polishes and one-thjrd for &Wing gum. ‘+ ~ Q-l’ . 
l 

‘, ’ 1 _. 
c- ? L. < . 1 

B a.-. . ” .- . * . . 
* 

,. : LIMITATiONS ANil i3PECIAL REQUIREMENTS ’ ‘. . .. 
I _’ 

Attempts to cultivate candelgla in Haiti, Cuba, the.Dominican , 
other regions outside its natite habitat . 

Mechanized. harvest.ing of candelilla 
‘mowing off the shoots causes’ the I-*, ‘j i 

.\ k plant back to its roots. ^ I( ._ 



i .*‘, ,candeliIla wax contains resin. Resin is a disadvantage in some products, ., a 
*’ ‘. but its tackiGs~;is.an asset in Gonslip floorj waxes. ’ 

3 > .- I . . 
.-” *- “gi I The Mexic&%$ernment subsid%F_es the candelil1.a industry t.o?support ,,.I 

_ ,inhabitants ofs:remb;te areas. The stems are. gathered fro I6 native stands i 

> -~ ‘;, 
.* ‘<. 

, scatterjd% over, a large area and are then &sported by burros. to p;ocessing 
k . . : st&ions. The primitive trizportation method and extraction processmake 
*. ,,’ the I&duct’expensive- and the subsidy necessary. candelilla will not expand- 

” ’ or reach its potential as a crop until it is domesticated.’ 
i: _ . 

I’ 
I . RE 

. 3= 

\ ;r 

I. ‘. 

, -- SEARCH NEEDS o - P si. $ r 
Agronomic and *engmeering research’ is necessary before cande@la can be 
successfully cultivated and processed. Research and develop-ment programs g 
should concentrate on: 

:. ‘a a i 

l Developing plantation technology and agronomy; 
.-‘ _I 

_ .“’ -. _ . 
l Developing higher-yielding&rietiks; I -“.* ‘7 

I 
? * *:;*.* ’ . Improving harvest techniques; I 

l Improving the “extraction process to increase the quality of thf : w$x * I 1 1 

Y 



* UNDEREXPLOITED TROPICAL PLAN.TS , 

. (3 . 
;,., ,.’ ‘-E;cctriCti?@ kndelk wax t!. northern Medico. &V, H. -Hod94 
.~ .’ c -, , .,;. I . 0 I’ n .= : ” . ’ i *‘.e I -i , .~~ - .i.. &.‘;)&elop&g new uses aud,maikets f6r the wax; and * i 

1 l Dqyelpping new’tises, and markets ‘for the fibrous veget8bleG,residue fro;. ,.’ 
-y the wax ext@tipn. : ‘. . \ *‘- 

-q- ,.,,- . ‘= -.:‘l., ,), : I. . . _ . . _ ‘. -, -= ^ ?” .; . . 3. - ** Selected Readings II_ A ’ * ., ,. ; , . . 
! ,‘.- Daughertk, P. k., ‘k H. Sineath, &d T:..8.‘Wastler. 19i3. A kvey of.cand&a and,, ‘. ,. : 

z I -. candeli& wax; 1x1 Industrial Raw .Materials of Plant Origin. ‘III. Georgia’ State 
/ Engineer& Experiment Station ,Bulietin 1 S(12). Geor&“a Institute so,f ‘Fe&nolo&, s , , 

.. Atlanta, Georgia. 
. _ -- y”y . 

.I. 
I+&Uge, W. H., and :H. H. ‘Sineath._ 1956. k’he Mexican cand&Ila‘plapt and -iti 4%;. 

)I 
,/- 

-..~- 
; 

:, ’ m f* ,,Econorfzic Botany: 10(2):134:54. ‘a 
? ax; 

Research ‘&mt&ts and Germ’ Plasm S&ply’ 
.ke .,(: . 6 \ ‘pi ‘I 

.’ >. v -. ;+’ G ,‘?. ’ . 

’ Bibliotkca Egidio G, lkbohato, Apdo;‘Postal 342, Saltilld, Coahiila, M&&o. (G. kIla- I’. , 0 
I heal H.) 

Division of P!ant Studies, Central ,Arid-qbne Research Institu&, Jod$ur 342”003, India /. ._ , 
‘(R. S. Paroda, Head) ;, ’ ~ 4 . 
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c .: ,: .’ ., y“ I .: _ ,. . [’ 
G&r* is a-’ le’gumirfous herb resembhng the.\s&bean plant\ to which it is 
related. With sufficjent research support it could become\‘a top-ranking 

0 agricuhural crop in many tropical.and subtropical countries of the world.. : 
/, . Its potential lies in the gum in its see.@: Guar gum ’ “. ‘I 

thickening *power of starch. &t is use.&as a filter aid in the 
a thickener in cosmetics, hand lotions, and creams; Cd as . _‘_. .” il 
agent in paper. It js also used to thicken and stabilize salad 

o products*;--and ice’cream.]The .den)and for this valuable gum, i,n industry” is : . .: 
constantly’increasing. ,I ‘( 

- * . . ’ 
5, 

.The gum .is e&!radted ..from the seedls’, &-&p&m. Ut is’&imarily a : 
.., I galact-omannan “$oiysaccharide, and has high viscoiity at low .c’ Xcentrations. b’ 

‘-I) , , and over ‘9 Owide range of‘aei.dit5e.s. Some 25;bOO t 
r annually in the,United States, but the demand ._ -’ 3 . . . .- goes to -the paper industry.; one t&d..t.o the : 

z I. 1. _cheese preparations; recqr$itubed $obacco, cosmetics, ind pharmaceuticals; 1 . . ’ - 7 
and .$hejlst ,to the oil indiistry whete it is used’ : ~ Guar also’lroids great promise fod’supplying .. ,.’ 

y;,.i j, ,-,‘-I. diet, .Guar Seed1 contains ‘about !;34 ‘percent ..prote.in, 23 ‘. 
‘I’.““‘perc~nnt,oil.--It has been grown:for-:food in- I&a 

3” c pods are eaten like &ingbeans, or theyimay be 
. . ,, .l.r ~ The cake tha.t’;emains’after removing the gum’is also rich in protein; both 59 0 
22 ‘,‘! the seed, and cake contai,n a balanie of &ino’-&ids .that,eo’mplements the y ‘_.’ 

‘. s- amino acid deficiencies in. corn, ,proteinP;.wheat,‘~~r.otein, and rick protein. 1 - 
,,Bread has been. enriched wit$‘S ‘@ercent guar $rotein:io experiment without * .~ ‘k ;’ ’ 

;. ., ‘. adversely, affect&~ jiavor. But, regrettably; .guar. prote$r .is not iused for ‘. 
-- human consumption; .Guar seedcake imixed with the hullsJ_-is .use$ only as ” ., ‘I 

cattle-feed. ,: c’. ” ‘. ‘: I ,’ ” 1 ..* 

,’ : 
“’ 1 “;s 

.- 
._’ 

again becomes available,” _ .I ,, ii * 

’ Family: Leguminoiae. 
L ‘; :“J . : L ,I* , I 0 

1, ’ Y : 

Q i b ,. ,’ 
, .; -. : : I .- ~‘,’ rJ \ ) ‘:; ’ ‘. .-, __ _ .y . v ,:_ . .._ \::-- .’ i . .: c1 .. : i - .: -, -.--,:;.. ., x _ , “-‘. -d” .;. I._.. .;‘~ . . .:.:m.’ ,^,_,. ,I _,-,,” ,_,_: _,_, “,‘.I,-,I,‘-‘-‘+ -’ I ‘. \ j( f ._. ” 
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: 8’ + .-, &ar grows weil i, h I a varieiy of soils andthr/;es in-allu$%l 
~~ -~ .-.~ 7 - _-- xr 7;Yith we%drained -subsoL It* 3 grown on rotation7 c -\ 

succeeding crops; it rdtates well -with cottoq, sorghum, c6rn, 1 - 

‘. . In some regions ,oP the world guar i’$grazecl,‘usually after f ;ost (to reduce . 
bloat problems); and makes good forage’. Rain-fed guar d 41 yield from 

; #A* * : I’ B,OOO-24,CJOO kg of greenLfodder and 90O,:,kg of seed per 
.‘S : double with irrigation, with seed yield as high asil,400,kg/ha. 

’ 

1 



* . . _ ?‘-L 7 

/’ z Guar grown’,between cdrn as a ‘soil-in?proving.crop. A njtrogen4ixing legume, -car 
p?ovidq the Boil ,With nitrogpous mateGals Grnilar.$q the mai: ingredients in fertilizer; 

i ai the same time; guar seeds can be +rvested for the valuable gum they captain. (U: S., 
: ‘,Deptit~p&t of Agriculture) d 

: _/’ 

‘, P. 
“0 

: 
. 

d 

: C&r pods and seeds. (R: ‘kiistlerj 
= 1 

,*b 1 

, 
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1 *:i;48-- ~~ :*. ---:- _ ~- 5 ‘7 y-= -3 UtiDE-REFLCjITED TROPiCAL PLANTS ,,’ 
i. ,i -\ ‘._ 

‘\ I; . c r I _ 
9 6 t ,- I. 

..At present it is. grown mainly in Pakistdn, India, and the United States, ’ 
I 

,; 
,( - I* 
\ with some production inAustralia, B&l, and South Africa. C&rent pri6e3.’ ’ 
! *’ 2p range from S-l.IS to $1.5p.per kg ofgum and%pproxirnately‘$2V.50 per &g for ,: ~ + .’ ’ -h ‘.? 

edible grades: + * :r ?i - t , 6 
, ,, ( 1 i. “a . * ‘: I I c ;’ ^ . .b 

, &&i&NSi&D~SP~CIAL RlZQUIRE~MENbi . + , , 
\’ :A. * 7. * 

‘Mbture g&r seeds contain antitrypsin and, hemolytic-faitors (just as soybeans z- 
. -F, do) that inay ,a&ersely affect digestion and health. - -. 

Weed? <an have a heleterious effect ’on-guar seed yields, especially in fields ’ 
16 i. . infested wit% Job-nson. grass.. E6ly preparation’ of the field and mechanical 

.s 
L 

“_ , ” ‘cultivation during the growing period are necessary. Guar is frost sensitive and q_l 
‘_ I 4 c * susceptible to vi& fcungal,. and bacterial disc.ases, but i.s not’ affetteh by 

nematobe~. Guar buqs-are attatsked by midges, which ofteg reduce yield. * * .’ __. 
‘c ) The plant h”as,,phc$operiod restrictions and may, not grow bell‘ a? all *‘. . j ^ k. ’ ,,latitudes, but presumably t(as with soybeans) this can be overcome- by 

selecting appropriate Farieties.. a - 1 ‘. --: -: 3 b ‘* After po&.mature, rain causes gu: seed ,to blacken? adversely affecting - . = b 
guri quality,. In areas +vith high rainfall and humidity guar. is best grown as a :F’ - *’ ’ 

. . ‘soil-improvement Frop rather than for its seeds. ’ c +* 
2 c ,J” i 

’ Unless diluted, guar-‘ products may not become widespread f&d “in- , . PC I , $ 
B gredients because the flour has an unusual flavor. Heat treatme%t will remove 

it, but this adds an often. unacceptable inconvenience, a I I& ” .’ , -._ L , 1 . , - I 2’ >’ 
--, tT 

- . --, % *, -5 .” 

RESEARCH kEEI)S. f,, ’ , ’ , c--i ;, 
n’ I .! -; 

,b , n ’ t -a c 0’ “7 ., -7 jL . . ) 
.’ Relatively .little geketic selection .haqet been done. The difficulty of making’ 

I 
hybrids by hand ema&&&-makes-it imperative ihat techniques for making 

_. ._ 1 controlled crossbreeding’be developed before any guar varietal irriprdv&men% . ‘., _,, * 
progr$n can proceed* Great potential ;exi$s for improving yield V and for * 

\ * gdapting the plant toa broader’range of &mates, - -” 
\ ‘< 

Iii. * m. ~R~ar~-is~~~~~tp;test-.~h~ plant’s ausgeptibility to insects, viruses, ,r~ *s _\ 1 
Cecidoh@ midges; ‘bacterial blight, and A$temar$ fungi and to select 

cs resistant strains. ” . :. ,:,,..: ._. 
* \ .I ‘&& 

0 i ,. ,..I.. 
7 Human aantinutrition factors present in’sthe beans need study. If it is ‘ . :” 
demonstrated that they adversely’affect guar‘protein’utiltiation, methods to n I .- n 

-/ remove them will have to be developed. ds- $@$rped for-removing ’ . ’ ;, 
F &tinptrition [a&or, from *soybeans sh &,gocid m$els7Attention ‘,+3 I’ : i 
?$h’ould be given to Simple pr&essmg,~ec 

_ ._~~. 
. ,.-z es suitable for rur$‘&eas in $!$ - 

&velQ@@ countries.” ~ ’ r : y-o Q.-‘v”‘> & v * , B ‘\ c 
. C’. .,.~.~~~ 1( .An-&portanF.research &al3 ge&ii ~~ecti&?&d impiovement’of <rapidly’ j ” 

_’ .‘i. ._ maturing”,va~~eti~~~sse~t~~ foti4n=land fa~rrmn~ and multiple cropping. _ _ , Ia 
~~ --. ----.A\ -- --_ .~ -I. - , .,-+ 14. .- . * \ -,_ ,: . 
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? The guCytile*t shruWgrpws ii dkseit regions of nOrth een’tral Mexico-id the . - ---’ 
southwest.e;n Urktdd 3tates. All parts df;thL shrub contak 8 rubber that; I 
when’ purified, is virtually incjistingui~ha6le from natural rubber from~H&k ,’ ! 

‘. ‘trees. A. poktial source 6frubbe.r for arid lads’: it grows in poor desert soils . 
i&otherwise upuskd’marginal areas. .’ 
*P~rth&ium argentatum, Gray. Family: Compositae 

.I c,. ” fA detailed report on guayule and its,modern promise is being prepared by’the National 
-P;cademT OT Sciences. Copies may be obtained from the address listed on page 188. 2 s - c I 1. 
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* The possibility that this plant coula become a source of natural rubber is : . 
especially important’at ‘this time. H;vegrubbei still supplies -one-third of the 
wo,rld’s market and is widely used’in such major products’as automobile tires. 

L I The ,rest 9f the rubber ‘goods .&irently produced are made from synthetic 
elastomers. These are superior to natural rubber for som.e uses, but inferior , 
for many.’ A more important drawback is that elastomers.-are based on . 

j’,. 

petroleum, an in_creasingly. costly ’ resource. , This gives new impetus- to 5 
n d atteinpts td overcome the technical problems that, so far, have made guayule. i/ ” ; 

., . -only a niinor rubber source. 
. 

:,. 

At the turn 9f’ the century, German interests built several guayule rubber c ._’ . . . CI extraction plants in Mexico..Much research and development on the plant was 
i ’ Fonduct’ed in t-he United States during the early 1940s and about 1.3 million 

* ’ kg were produced during World War’ II. High-yielding straintCand;improved’ - 1 
! methods for extracting the rubber were developed. But after the war when . 
‘:$ rubber fr.om Asian Hevea trees again ,became available, the methods already 

, 

* ! developed were not.continued and the research was abandoned? _ ,. I ,’ 
/. _ .- I The rubber is containedzwithin, cellsthroughout the entire plant, but the \ + . roots and stems are particularly rich. Tq*obtain the rubber, the whok plant is 

,p . : harvested. It isthen sl&ed into small fragments, the tissues. are macerated, and 
’ 5 the lighter rubber is floated away from the vegetable residue: Yields of up to _ . 

‘ 12 percent (dry weight) have been, obtained from wild plants and over 20 ‘. 
‘. 

m percent from improved varieties, Guayule ‘can be harvested-and processed + 
_ _.,,- 

with equipment’(slightly modified) already developed for other crops. . s 
Guayule shrubs may live for as long ‘as 50 years. They represent a living ’ l ” .’ 2.. 

stockpile of rubber. I ’ 
B 

i * Guayule is apomictic: the flowers do..notFrequire pollination to set seed. ” . 
’ _ The varietal characteristics can be perpetuated through the seeds, ‘which ,, 

greatly simplifies replicatiofi of varieties and facilitates plantation cultu:e. I 
^ I 

. . 
i 

2 
.e L ‘_ s 

* ‘4 . ,] 
^. ‘. u 1 

L~MITATIONS~ND'SPEC~ALREQUIREMENT~~ . . '. '1.' /, : i c * 
i .In ‘ihe-- 1940s and 1950s seeds were furnished to more than 30 dountries ~ ,, . 

(Sp’ain and’ Turkey embarked on large-scale pr.oduction programs) but there. is . . ,’ 
neither commercial production nor use of the wild plant today.. 

Because of inadequate processing’technology, guayule rubber was of,poor L 
” quality before and during World War.11. Residual resin impurities posed the, ’ - ” 

major, difficulty. 4 I 
;A pilotiplant operation to process nat&al stands”& guayule was recently’ 

4 established in Mex$o. Although last reports still noted: some difficulty in 
* 

producing a pure$rubber, the . ..most ,recent ,results are” encouraging and ‘* 
._ commercial produ$on is expected within a few years. a II 3 
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I Four-yekr-old guayule shrub ready f6r harvest. As much aS .20 ,percent of the-plant is 
(U. S. DeparEment of Agriculture) 
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T.he agricultural research cqndJl_ct”ed dyring World war I1 on the d,omestica- 
/. I tion of guayule heeds to be rkvieked. Field tcials should be re,newed, using 

kh . . “i. higher-yie’lding st-rains’tiat wele developed at that &-ne.~ 
‘\ , Research should emphasize extraction prbcess& (such as solvent ex&acA 

iion) that’efficiently kd qonomicaliy remove iesins and leave a $ure latex. 
Some extractjon metho+ have heen’,d&eloped,but they nilust be fully’:tested 

.a before real Progress can be made. .; D : 
:j , 
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Gu&le’kder culti&idn,‘Salinas, Califdrnil (Jrca 1949>:...(G.S. DepartmFnt of Agri- 
’ #;‘F culture) _ . ;* I, . . 
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In the eal;ly days of a major research prdgram to develop guayuk, the U.S. Secretary of 
C6mmercq Jesse JJones, was presented (January 14y,i9,42) with the first automobile tire 
made entirely of rubber from guayuie (right). (Wide ‘World.%Thotos) :. . ’ ~----- -- 
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Taylor,- K1 W. 1951. Guayule:,rAn: American source of Rubber. EconoFFlic BotaFzy, 5: 

I ! -255-273.. * .- 
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.’ , Centro de Investigac$$es enQui@da:&&ada, Aldama Ote. No. 37 1, Saltillo, Coahuila, q 
‘Mexico (l$ Camp&,:Direcioy) 
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-, 

Department ‘of Agronomy and Plant Gt?n&ti&: Uniiersity of Arizona, Tudson, Arizona L’ ,, 
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Firestone Natural Rubber and LatER!@rnp$y, Akrcm,Qhid-49301, USA: (E. M. Glymphj 
;; -, , The Goodyear Tire and Rub’Lfer’Cotnpany, kubbei Division, 1144 E:.Market Street, 
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I, ’ /s ’ .c; 7 Akron, Ohio 44 .316,,USA (J: zT‘. RiedE) 
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,c. * Silt .@A,* a salt-tilerant rhizom@o.us grass, is recommerided for revegetating 
;, 7 --;7- ’ ’ ~-L%$~!&+ ted a-rrsI- If- is ~lscra ~o~~-~~ild~b~~ing--plant,~~ingilr dry&rndy , ’ I i .-, i L 
L _- bqayh. soils, \with vigorous runriers that assist intist~bil~@. the’ soil. Silt grass is - 

$- -* j , 
i especlalE .:suited to +soil subject to- occasional intindatiijn by seawater or to 

.,. . 
?. ‘. u, 

5. ‘permanent: bra’ckish water seepage. .It \?la ‘grow with n&Qaline water and 
. 5 , 

l 

Swartz (Syn.‘P, distichun?’ L.). Also. knopn a$ seashore paspalum, 
t.w%ter couch, e:t.‘Family: Gratnineac. ” 1 

* 



Abnormally high fall tides+looded’the water edge of King’s Bay golfcourse daily for one 
month. Bermuda grass is dead&h brow?. .Border of healthy green Paspalum vaginaturn. 
stands out in contrast. (J. Morton) l I 

\ 
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i ‘. 

_ . 

” 
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i 

/ 

with water up’ .to a salinity 
i’ + 

*’ . water salinities in soil that “permits 
L more salt tole;ant than common lawn grasses 

and has a higherjsalt tolerance than 
>r Silt grass appears to be a 

i- withstands grazing well (even 
months.*It also makes fine-textured 

I new areas ‘may be started by 

-q either $aced on the surface 
the runners from one small ing-season, cover an area _ 

$2 up to 1 m diaineter. Little fertilizer is .needed; under saline conditions the- 
grass does not respond well to nitrogen and phosphorus. The use of fertilizer‘ 

i -- maj4x~~arrantedonly in low-salinity seepage areas. ’ / ’ 

t Though it grows wild 0; s&coasts of both hemispheres from Australia to 
: 1 southern, Spain and from Argentina and Chile to .Baja CaljJornia ,and Northi;, 

1, \ . li 5 I 
I__ 

; a, ‘i , r-” 
I’ *For a discussion of the Bnportance of &-tolerant ‘plants see k&e Water for Arid 

Lands; a kmpanion & this report. Ordetig informaiion is giv% &-page 187.. j I’ 0 . 2 /. ,’ I ,r - . . . 
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. 
{aspalum .vaginaruy irr-S&dl Sh I;sland, Georgia. (J. Moiton) 
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o l;$(j : ‘: r : a UN&REXPLOiTED TROPICAL $ .ANT I’ 4 

> rq 
. . . ,. . ;_ 1 ,~ I-., ‘. i I%\ 
.: 0 - ,’ 

Carolina, PaspaZu~’ ~~ginu&&‘ has been domesticated only in Australia, 
< _ Florida; and the Netherlands Antilles. Experiments in d&.es’tication are,now 

under way in Venezuela. $. .’ , :‘-*. i % : 
, ’ . ,, ’ 2 . , I I P 

‘? . * i, r 
! I, a e 

J@ I \ ..* 
I ~. I, 1 

‘9 . . . LIMITATIONS AND SPECIAL RWREMENTS _ 
. L. v - ; 

r’It‘haas been found that So&h American strains must havi an adequate supply ’ 
., .F , of. summer moisture: If not, the plant, which is. dormant in winter in i 

D c subtemperate (not. tropical) clirn@tes, Will grow little during summer and its 

-b ; ’ .$ s&read will be restricted. . 
. In low-salinity soils silt grass-is attacked by nematodes, but this is unlikely 

I + _ to, ‘oc&r inthe saline soil where this grass is most useful. It is also sensitive to ” 
1 i herbicides. It is not recommended for hay. 

D . 
I. 

Because it produces only a small yield;ofOviable seed, commercial supplies 
It,_ d of propagation material are inadequate to meet kurrent demands. 

d 
.I ,.I . :. 1 : ’ .’ : :r 3 ,y. ” s\ 0 

<; . v ‘- RESEAI$CH”NEEDS :m; ’ : I 

b 

. 

---‘L- _ _  ̂ ” Crop and sod nurseries should be established in tro.pical countriesJto furnish .- ..___’ 
t _c --the grass- for private and cormineitiial use. T!he grass is already growing 

prolifically in subtpperate to’ tropical coastal r,egions around the world. Sod . 

“‘I 

I 
; 

or run’ners should%e distributed to tropical coastal areasfor forage use and j : . 
llandscaping. 

’ 

3 “ 

Insuffi&ent information is available on the nutritional value of silt grass as 
a forage crop., pesearch should. be directed towards “breeding and selecting _ 

*improved (but stillsalt4olerant) strains for forage. > Ln y., 

I 
Developing a strain that ‘produces large. quantities of viable seed would 

‘reduce establishment costs and would hasten the plant’s, more widespread use. 
, , “Developmknt of a strain with greiter winter -hardiness would be u,sefui in \ 

+ , subtemperOate, saline ar-e& > : 

1 . 

‘e 

/. 
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0 Selected RGadings ,> rt ‘, : , 
c 

i 
Ma,&;, G. R. 1973. Tlkee sucdessfui &t-tolerant plants. Jourgal of Agriculture, ,South ~ 

Aus”tralia. 76(1):&8. 1 

Mhcolm, C. V. and I. A. Fy ilaing. 1969. P&ab’waginhum4or salty Seepages and 
lawns. Journal of Agriculture, kestern Australia, 10~~7&%. i) 

Morton: 6. F. 1973. Salt-tolerant silt grass (Paspalum v@na$qy ST.). ‘Pcoceedings of 0, ” * 
Florida State fforticultural Society. 86482-90. ’ \ ‘,. j ‘. 
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Research Contacts and .Geim Pi&m Supply . ,-.-T~‘.- ’ 
Department .Sf‘Agriculture, Cleve, So;th Australia, Australia. (F,;,.R. MacPhie) .’ 
Department. of Agriculture, Jvah Road, Soath Perth 6 151, ‘Australia. (C. V. h+lcolm) 
Golf Course Architect, KiAg’s Bay ,,Yacht iind Country Club, Miami’, Florida 33 158, USA . ” - 

‘P 
(C. Mahannah) 

Sq Island’ Golf-Club,$ea Island, Giopgia 3 1561, USA (T. v-. Baumg&iner) 
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I@ , Rami%* is a tall,slender, almost unbranched herb with stems-2 m tall or more. i \ 
Ij A native of East Asia, it has b.een grown as a fiber crop in China and Jap’an fo‘? c 

. many centuries. .But its madern.potential--is as a dual=purpose cropproviding. 
1t1r fibe.~S(fron~ the stems) an.d forage (from the leaves). It has great promise - 

,g i-3 
l 

to become an important new cash crorj for many tro’picaland subtropical 
=:., 

a : 
locatibns. r 

_ =; 
l 

upholste.ry fabrics. In addition, ra 

I 

_I 
.- . . t,, 3 j-x+ -< 

L _. L .t. - *. I 
,. *Boehmerict nivea-(L.) ‘Gaud. ,Al.so known as China grass, ramio, or rhea.,:Family; Urti- ?‘: -^-^-_ ./ n. ‘I 



Flowering ramie. The top portion’ of the ramie ‘pl’ant make; nutritious and palatable f 

fohder for livesfock..(M. Petruszka) -8 



ramie fiber is not uti ized on any large -,*” ‘-1 ; \, ,/’ 
_._~_. +-- ~~~ - 

producingc&&tr&sa.re CKna-~pT- --‘? m-eL--me..- 
ciaIly the middle Yangtie and’ southern regions), the Philippines, J:apan, 1 

* Indonesia, Malaysia, India, ‘and .Brazil. It is probable that at.least POO,OOO 
I. 

p 
c 

*;’ tons of ramie .fiber are produced annually in China. :’ 
-’ i ;. Ramie’s obscurity as a fiber crop is matched by its lack ofrecbgnition‘as a >’ c 

poteftial forage crop:LYet ramie leaves make nutritious green’feed. In con- 

_ 
trast to the .stenis, they are low in $i$er and rich- in ,pro%ei& (20 percent), 
minerals, and carotene,’ In fact, in nutritive value they compare tiefi with’ 

‘_ 
j alfalfa. ;Ramie foliage ‘has-proved particularly,valuable~, to pohltry and 

.b . can. be fed fresh, ensiled, or in dried, form as 1i”ay or leaf meal.* 3 . I 
A q&&growirig plant, ramie is a perennial‘&ose rhizomes vigorously re- 

sprout after the stems are l-&vested.’ Because of th$, stems can be harvested ‘- :+ 
a : .in rapid rotation-up to six times “a year in tr’opical areas wit% favorable soils. 

:\, The plant is rel&vely’~est free,. 
\ 

Little cultivation, is needed ex;ept to inhibit ’ 
we,eds until’t,he crop it.se-& shades them out. When‘properly cared for, a single . , 
planting-has beefi known t&yield productively- for 1 d-years or more. 1 I \_ *;_I &am/e.is processed into ‘fiber iu three steps-harvesting;,decortic~atin.g, and 

“, ‘1 degumming., At harves@he tops and leaves of,the plant are removed and can ’ 
.:, ‘. / 

provide forage: ‘Decorticating, h which’ the fiber bundles a,re separated from 
the stem; gives th<. crude fiber. Usually the crude,*fiber is then hung $ut to dry 

-and bleach -in the wind and sum Later it is chemically* treated wi 

: dium hydroxtde solution to remove the gum, which sticks%,tenacio 
-Annual yields of as’much as 2,000 kg, of degummed fiber per ha mlay .result 

. : .from well-established ramie, fields. 
c’ 

f ^ /. 
* !., , :. 

\ I te* ,’ 

I LIMITATI~IW~AND~PE~IAL~EQUIREMENTS i 
, ‘i . 

f .., 
Extracting$he fiber presents serious diff&ulty. Unlike other stem fib “rs (such 1. 

* as’jute, flax, and bmp), ramie fiber cannot be extrac’ted satisfactoril b by the 
.z usual retting (bacterial). methods because of.the.,gum and because the fibers 

iG ! a? are bound tightly- in bundle& .&traction of the-fiber.& ‘present methods in- 
volves’tedious’manuallabor or harsh~mechanical ‘treatments. ri 

,c 
, i] 

Before‘ the fiber can ‘be spun, the gum must be removed. All current de- 
Fgumming methods ‘den;and consideraBle experience and technique. Removing 

k. ’ 1 the gum from ramie and Iseparating theifibers is a major obstacle t,oi;ss,wide- ’ ,~ ..I 
spread use. . ,P’, : 

.I 
I[n industrialized regions, ramie spinning is ~eornrn&@ done on machinery 

developed for’.silk., cotton, or wool-often with less than satisfactory/results. : 
9 

*Petruszka. 1977. SeCSelected Readings. 
i’ : 

,I‘.: _ . I ‘c ,, 

a,‘ , R :I 
, d 
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Rhmie fibers differ from other bast fibers-flax, hem@? aud jute-in that they 
1- are not &.rally s&.rn as fiber bundles. The longyamie fibers have a larger Pi- 

’ ameter -than cotton or single flax and hemp fibers, which makes theEm m6re 
‘:- 
: ._ The ramie plant will grow undera variety of climatic conditions) However: 

,-- _--s-- $rofitable exploitation requires harvesting .as many cuttings per ye.ar as p&i- ’ I 
.-- I-*-- 

1, ,\ ble. Multiple harvests are’ possible only wiih steadyj high.temperatureg~a hu- 
I\ 
\ mid atmosphere, and a well-distributed annual rainfall of at least J ,O‘tt6 mm. 

/. II Irrigation may..be n‘ee,ded during prolonged dry periods.-When the crop is har-, r : - 
‘- vested, heavy fertilization is usu~$y needed to maintain the plant’s vigor. j 

‘RESEARCH NEEDS . - y \ -: 2 
The..most urgent ,riaearch and develo&n%t need is to explore more efficient; a 

,: ; 

cheaper ways to dk”gum without.damage to the iiber,This offers challenges So . . * 
organic. chemists to-identify the gum’s structure an,d to fir-id solvents and tech- +. ., 
niques for dissolving it. It also challenges microbiologists to determine if I 
ramie fiber can be. separated ‘by, bacterial. &ion. Microbiologists. must also i ‘V, 
fiid and raise ‘special microorgan’isms that will clean vegetable matter and 
gum from‘ramie fibers’{perhaps underSindustrial conditions). 

With current Imethods, decortication is best done withXfreshly cut stems.’ 
, “\ 

Therefore, decbrticators suitable for medium- or small-scale operations in the ‘:. ” 
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-..u 
I * 

Two-mon$-old ramie ready for harvest; The fiber is contained between the thin bark 
L and the woody structure of the-stem. (M. Petruszka) 

. 
‘\ .v 

_I ..-- 

. 

a _- 
_. 

.% 

It has been sugges)ed that a mechanical h&ester bk, inven&l to top the 
plant, fecover the forage for livestock and poultry, <@vest andldecorticate 

.j 

P 

the stems, and c‘&ect the decorticating waste fol use is Papei pulp-all in a .p .” I . 
single operation. ‘-- ..~ .~ 0. -: 

Widespread trials with ramie‘ as a forage rire also needed. . *l..t; ’ ,- il , 
. P 

I 
. 

% 

Sele.cted Readings . .T.. * ,,I 0 * 
*. . . ~__-~~. * _ Lmm’-!-. 
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59( @>: 22-4. - , 8 \ 

Allison, :R. V., and J. W. Randolph. 1954. Progress in the harvesting,, and proce%sing of . 
’ .I *- %& and kenaf. Procee<ings of the Soil Science.Society of l$orida\ 14:190-201.‘\, -? t : - r 
j Ano~ytious. In Pies. Ramie: The Extraction,- Degumming ahd F’roysing of Ramie 

Fibre. Tropical Products Institute, 56/62 Gray’s Inn Road, London’~C.1:~ 8LU, . 
‘;,: 

:. 

England. ’ c : 
‘. Ghbsh, K., and T. Ghosh .,.. 1971. Ramie, cultiv$ion in India. Jute k&M. AprilTMay. ‘- * 

,a,+‘+‘” pp. 15-18. .* . 
Gomez Arias, ~~,XY6~~~ El ramio en la prpduccion de fibra de excelentes cualidades y 

fuerte deqjioteina para la aliment&n animal. Agri?ulture.of the Tropics. 14(11): i . 
7,81&l+; i \ ‘4 b 1 .,, I‘\, 

0 J&by,-R. H. 1963. ,Vege’table Fibers: Botany, Cz&ivation,‘and U!ilizaiPgll-..Lebna;rd Hill, /+ : 

” /+ ,,./ London. . \ * ,\ 

,/ Machin, D. H. 1977. R’amie as an animal feed: a review. Tropic& ScJ~~~~~~P(4):,187-95:‘. 
” P. 
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” Everglades Experiment Station, P.O. Drawer A, Belle Glade, Florida 33430, USA-(R;-‘%------mm- 
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Spirulinti* species are blue-green algae often~.found in. &line-usually al- . 
kaline-waters3 For many generations one spehe~. has beer?eaten in the 
Lake Chz$ area of &frica. Iii the-16th century’ the’Spanish Cofiquistadores i cc ‘-. : 

.I1 
found the Aztecs using spirulina as their main source &protein. Z&ne 60-79 .i 

L,, percent of s+ulina~~isgood qual-ity~ protein.’ It <s also-rich ‘inGitam& rf,nd+ , L Y I-_~ 
harmful compone,nts have been found. ‘j_ ~ 4 _ “? .I - 

. .A” Texcoco, near Mexico City, a ?-rew pilot plant hasbeen se&p to colle:gt Ye _~~ :-’ ~.~ ~“-,- 
‘, -andpfcileess&rulina. About 1 ton of-dry spirulina ~s~-prod~ced~dail~~,~t-~~ &lcl ,* 4 “., 

as a high~prot&n~ high-carotene additive-for chicken feed. 
‘\! r ,,, +n 

, 
. . Exterrsive’” research“ has.&_e_en conducted into‘. the possibility of‘*u<$g 

Q- ri b* 

dg 
-“IX~-~-.. 

7 
1x spirulina as food for humans. *m . . ../ a 7 

5 The algae’s ability to thrive in highly saline and alkaline water is a great%’ ’ _ -’ 
* .a 
z < 3, 

1 advantage. It grows well in waters’containing up-to l+&,fiOO’mg/liter~Bf’chlor- .i,,;,,, , 0 
3 1 ide, and of alkalinityup.~.t.opH 11. IIowever, dival&t,~i~ons, e.g:, inagnksium, ; I: 

1. ions, must be properly; ba.lanced‘~e&ninated.~~ Sea-water.,\for example, is not 4 ,p’ ./ 
‘% suitable because of its magnesium conten< Carbon dioxids. feacts~~hemicah~ .X .“\:; p+> 

< * .--‘. ,a ‘*.I “P c . Y -.. i’,. ‘., I 

.‘ *SpiWina plaiensis (Chad species) [also known as Arthrospira p@ensk]‘ wd:‘ppirklina 
:I’/ , 

m&i& (M&can species) _ Family: Cyanoihyceae. .’ 4 VI . ; a ,; ,‘., 

+For’discussion of the importance to arid lands of vegetation that 
” water see More Water for Arid Lands.. For information’ on r, 

report see page 187. 
L 
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with the often alkajine culture medium,,resulting in a high 
-... 
degree of carbon 

dioxide utilization. This makes growing of spirulina an efficient: pcoducti+e 
process. Under favdrabie conditions production rates avera@ng 17 g/‘m* /day 
or more are p”ossible. : ~ 

IB 

- ‘% ’ Spirulina prod;ctiin involves culturing the alga $~ basins and then 
‘ilarvestinp washi$. drying,‘and storing the $roduct. Spirulina is large enough 
,to be &?y,ered ti-roril the culture medium by simple filtration. In Chad. * 

.-.. -- .-.- -T+$Jla~s rec&er it by? using muslin. T’his is spirulina‘s great advantage over 

,,. , 

” ‘. 

o-the? &icroorgdnisms that are bften promoted as new protein sources. but are 
difficult and expensivt: ‘to recover. SprJy drying gives satisfactory, results and 
does not dajnage’spirulina’s high nutritional propertie’s. Heated roller dQing 
also appears to’ give Qtisfactory resui-ts. Dried spirulina is not susceptible‘ to 

#fermentation- and is easily‘ stoied. Solvents will bleach thegreen coloration to 
a pale, f4.v~ colo,;‘With almqst no loss in nutritive val&. 

Spi&I&&,can be, added (up’to 10 percent by volume),to cereals &h other 
food products. wiihout changing the flavor or creating objectionable tastes. 
Spirplina’s crudk protein can reach as high ai 7.2 percent (of dry matter).with 
.J satisfactory balance of essentia14!mino acids,. exctit fpr a slight deficiency 
in-the sulfu; amino acids. It has a high vitamin cont@+@:,particularly vitamj.r+,. 

‘-PB;2. Iri ;-ats the pr+uct wa>,shown LO have a’digestibility of 84 perc’ifit wit?i. 
, anet protein utilization of 61 and’s prot’eir; efficiency ratio of 2.3 (casein was , i’ :, 

L/ 

Y 

)i -’ 

Spiruliria plater& (W. Pabst) 
< . 

- yL ‘, 

* 

4 

i 
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‘,‘!oaf” of Spirulina. (FAO) 
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, / 1 1. 

2.5). ,The nucleic acid content on a dry’*;basis was 4.1 pert nt.* The tr 
showed no acute toxicity. Subchronic toxicity studies showed $ hat dried 2 
(up to 10 percent) in the diet did not h&E any deleterious effects on-the r 

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 (poly”ethylene) covering over the production basins, the cost 
of decolorization, and ‘the cost of land. F -’ 

LIMITATIONS AND SPECIAL REQUIREMENTS 

Growing spirulina culture in artificial media requires a level of_ technical 
sophistication difficult to obtain in many developing.wtiorG, 

Spirulina grows optimally at temperatures from 30”:35°C in arid or 
semiarid regions where’ there is little temperature variation. 

_ -.. 
- 

:, 

D. Climates most favored for spirulina production are between latitudes 35” 
north and 35” south. Within this zone, the best locations are those with much 
sunlight, moderate rainfall, water of reasonable quality, and where there is-a 
carbon! dioxide source (such as <natural’ gas or other hydrocarbons). “Land 
should be inexpensive and reasonably flat. 

If spirulina production is not carefully managed, ‘kcteria or viruses can 
contaminate the product. 

Data, available at present are insufficient to predict the economics of 
spiruiina production; more extensive feasibility studies are needed to justity 

i investments. 

i 
I . . . . :- ‘, 

/ RESEARCH NEEDS 
x >,-,;..; _,_,_,_;,. i-.-.- ..-‘-“‘- “.‘-’ _,_, ____. :... ‘.-.-’ _ __ ., -. _ ‘. -’ -. 

.,_ ..- :, . . ‘i”‘I%%her research and development is needed on mass cultivation of spirulina 
c in’ artificial basins. Lnexpensive watertight basins ,Pwould greatly reduce 

in$estment costs. Improved COZ supplies and culture medium stirrers would -; 
also lower costs. 

+ . The highly promising laboratory ‘results on Amineral nutrition, salinity, / 
carbon dioxide-requirement, radiation, etc., need to be confirmed in field 

k tests under actual operating conditions. 4 

Harvesting and processing the algae are still relatively expensive’ and 
therefore require-more research and development. - t$ - ?, 

*This is a low nucleic acid: protein ratio compared to bkteria. For this reason spirulina 
Can be eaten directly by humans without removal of the nucleic acids. Bacterial sources 
of protein cannot. 
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i 

Spirulina izone alga that can be easily cop&ed into a foodstuff. On the%zge’bf Laki 
Chad, where it is native, a woman cono&trates spirulina by pouring it into a cloth bag 
that allows the water to drain away. . . 

? 

. 
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* . She then dries the’residue, in the sun and cuts it into the blocks which are cooked 
and eaten as a green vegetable. (Institute Franqais-du Pitrole) 

‘Q 

$. 
1 
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If mutants toleran’t of magnesium ions Fan be found, spirulina could be 
.grown in seawater. This would increase its utility and make it possible for it 
to grow j.n many inore re, ‘ens. Mutants with the ability to fix..nitrogen would 

% t also be desirable. 
Spirulina has been eaten, for generations in Chad and Mexicb. But before it 

can be &considered absolutely safe for humans on a long-term basis, 
multigeneration feeding studies with anirrials and prol.ong&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. 

-- 
l 
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\ 

“1025, Beer-Sheva, Israel (A. Richmond) i 7 
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Ce rapport traite de plantes tropicales choisies et prometteuses pour /. 
l’amelioration du regime alimentaire dans les zones tropicales. C’est lh,‘en 
general, que l’on trouve les populations dont le revenu par tete est le plus bas 
du monde. En consequen,ce, il s’adresse a tous ceux qui.aident Ies pays en voie ’ 
de develospement a pa’rvenir a une exploitation plus rationnelle et plus ..‘, 
equilibree de ‘leurs resso~rces,. Ce ‘sent 

‘, 

,. aussi bien les gouvernement? et le 
‘personnel Assistance- te&nique que les’ chercheurs qui s’occupent d’agri- 6 ? 
culture et de nutrition et di toutes les gisciphnes connexes. 

c;.-,‘: -2. 
En reponse a une enquete &rite, des scientifiques du monde entier ‘ant I 

me.ntionne quatre cents plantes. Parmi celles-ci, trente-six ont et6 retenues par 
un groupe ad hoc. Voici brievement d&rites, ces plantes prometteuses. 

i s 
m ‘. ii , 

* r 
n c1 <, 

C&&des et pseudoche’ales ” . . c . _,’ 
Millet cannele (Channel 

II 
miliet) (EchilzochLoa turrzerarza)-Cette herbe saivage 

.+ ” 

d’Australie, qui n’a jamais encore &2%udiee, peut produire des grainsc’ 
nutritifs avec un seul arrosage abondant. Geci indique de grandes possibilites \ 
pour les terres aridis oh il ne pleut quya de rares intervalles. ‘.. ’ 

Amaranthe a grains (esp,ece Amarajzt/zzis))C.ette cereale, pre’sque complete- 
ment oubliee, d’Amiriq%e centrale, prod&t des grains a forte teneur en - 
protiines et en .lysine, l’acide amine nutritivement’ essentiel generalem~nt 
absent dans les protkines veg$ales. , I ‘ .I.. 

Quinoa (Chenopodium quinoa)-Bier-r que la graine de cette grande, herbe’ s ’ . 
presente l’une des meilleures sources de proteines he l’espece vegitale, le:’ L 
qtinoa n’est pas cultive en dehors de son habitat’andin, en haute altitude. ’ 1 

?~ostbre (Zostera mar@)-On pourrait entreprendre une recherche. & ’ - . 
plwatoire ‘fructueuse sur cette plante ressemblant a,de’\‘herbe- et produisant : 
des-grames. C’est une notion toute ‘nouvelle et hauteme,nt speculative’ que _ 
d’utiliser I’eau de mer pour les cultures cerialieres. Toutefois, les Inchen\ de la 
c&e occidentale du Mexique ont &colt6 de tout temps’ le -gtain de-la zostere - ’ 
pour en faire de la farine et pour leur alimentaIion. ‘t I 
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UNDEREXPLOITED TROPICAL PLANTS 

.‘, 1 

Racinek,po tag&-es et tubercules” 

Pomme de tbre celeri (Art-akia xazztho&iza)-Cette plante, connue sous le .= 
% nom de panais,,pCruvien en raison du Igout et de la texture de sa racine, 

ressemble au celeri. Elle est inconnue en dehors des regions andinks d’altitude. 
Elle y est souvent cultivee a la place de la pomme de terre, son cout de 

+ production etant deux fois moins Ileve. Les possibilites de la_pomme de terre F 
’ celeri n’ont pas encore et& exploitees dans les terres d’altitude des tropiques 

du globe. ti \ ,.‘+ . 

Yautia des angle Saxons (espece Xatzthosotna)--mCes pl’a;‘r;tes’ tubereuses, 
hautement productives, onf un pouvoir nutritif plus ileve que la maniac et 
peuvent etre cultivees facilement.’ Bien Dque leur %ire de repartition soit tres 
etendue, elles n’or&jamaisafait l”kbjet d’essais appropries permettant de 
definir leurs possibilites. 

. . 

Talo et dasheens (Colocasia esculenta)-Le Taio, qui est cultive Sur une, ? 
grande echelle dans un petit nombre seulement de pays. a un rendement eleve 
et offre de grandes possibilitis pour toutes les regions tropicales. Certaines 
variites poussent dans les hauteurs et d’autres dans des sols marecageux et 

~ satures d’eau qui, autrement, vraient improductifs. Les dashkens. qui sont 
.7 

des variites orientales, produisent de nombreux bulbes symetriques, de petite ’ 
‘taille, a texture cassante‘et se conservant parfaitement. 

* Q 
‘, ._ 

Xl ‘. ‘, 
Lkgumes 

Chaya (Ctlidokolrts acotzitifolius et Ctzidoscolus chayanzatzsa) Lb feuilles de _ ..; 
;ces plantes ar6ustives. prolifiques et a croissance rapide, fournissent un 
‘legume vert nutritif ressemblant i l’.epinard: Connues seuiement h Amerique 
centrale, elles meriteraient,d’etre essayees dans d’autres regions tropicales. 

Coeurs de palmers (Etcterpe, Gu’ilieltm, &roconzia, Cocos, etc:) La 
faveur cioissante dont,@uit ce mets, delicat rend inadequats les approvisionne- 
ments actuels. Les peuplements sauvages se trouvent dicimes, puisque 
l’enlevement -du bourgeon terminal tue le palmier. La culture en palmeraies 

\\ ,l,semble tres prometteuse et doit CZre encouragee avant l’extinction.. des . . 
peuplements sauvages. 

Courage ti la tire (Berzitzcasa hispida)-Ce gros legume ressemble au melon. 
,’ I1 pousse facilement et peut donner trois recoltes annuelles. Sa caracteristique 

., 

+lgname (espece Dicxcqrea)-Bicn que l’igname soit trop connu pour,figurer dans ce 
i rapport, il reprdsente l’une des cultures potag6rcs tropicales les plus populaires et les 

plus nutritives. Toutefois, il n’esf pas’exploitd autant que certains.,dt;ses concurrents 
parce que ses frais de production sont plus Cl&s. il serait done tresavantageux d’orienter i 
la recherche ver+s la reduction de ces dernicrs et vers les problcmes du slockagc. Fn effet, 
la plupart du temps, so&ante pow cent des recoltes sont perdues icausc de La pourriture. 
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la plus intkressante est que le fruit peut%re conserve, sans refrigeration, 
pendant pres d’un an. ’ n, .s 

Pois carre (Psophocarpus ‘tetragonolobus)-Ce haric‘ot grimpant, important I 
en Asie du Sud-Est-- en Papoua-Nouvelle-Guinee,@ -est -inconnu ailleurs. 11 
pourrait etre la contrepartie tropicale dun soja. .Soumis d une recherche 
appropriee, il pourrait eventuellement devenir la meilleure source de protiine 
utilisable dans les regions tropicales: ’ .*a 

* 
4 c. 

Fruits - 

Durion (espke Curio)-Le durion comniun est un gros fruit ipineux, tres 
estime par les uns, pour son g&it et repousse parles autres,:i &&de son 
odeur.’ La’ recente decouverte d’une espece ino-dore pourrait s:avdrer salutaire \ 
et satisfaire tout le monde. Un marche mondial pourrait alors s’ouvrir pour i, 
cette culture fluitiere. 

Mangoustan : (Garcinia manga&a)-L’un, peut-Ctre, des fruits les plus 
savoureux du monde, le mangoustan est peu connu en dehors de sa reg’lon ?‘., 

‘i-rat&e, 1’Asie du Sud-Est. Une recherche agrdnamique, et -horticole poussee 
permettrait -de l’acclimater dans d’autres tropiques tr$s hurnides. En effet, ce 
sont Ii des regions qui ne conviennent pa?a la plupart des cultures. r D 

Orange de ‘].Quito (Solanum &toynse)-Pare.nt de la tomate, mais 
totalement different, ce fruit est tres &time au PCrou, en Colombie, en 
Equateur et au1 Guatemala. I1 est pratiquement inconnu ailleurs. Son ju”s 
delicieux et rafraichissant pourrait Ctre apprici@ dans les zones tropicales 
d’Afrique et d’Asie oti la plante pourrait prosperer facilement. “\ 

‘\.; 
Pejibaye (GuiEielma gadipaes)-Le fruit de ce palmier, ressemb’lant B une ,+i, 

chataigne, represente probablkment l’aliment tropical le plus equlilibre qui soit ‘I- .j 
sur le &an nut&if. I1 cdntient des hydrates de carbone,, des p oteines, de : ’ 

f l’huile, des ~minCr& et des vitamines. -Une fois Btablis, les larbres, qui 
conviennent aux tropiques humides, ne demandent ‘que pw de soins tout en ’ 
ayant un rendement tres $levC. _ 

Pamplemousse (Citrus gram&)-Ce gros fruit tropical, qui ne doit pas etre 
confondu, avec celui communement appelC par ce nom, est hautement 
appr%kie, dans to% le Sud-Est asiatique. Des cultivars de qualite superieure I 
pourraient presenter des possibilites, pour, autant -qu’on puisse les obtenir ” 
,dans d’autres &ions basses des tropiques. Dar-is les regions du monde ob l’on i 
cultive les agrumes;on a essay4 desc&ivars qui n’ont jamais atteint la qualite 
de ceux, les meilleurs, qui pravenaient de la Thailande meridionale. 

Corossel (Annona muricata)-Bien;connue en Amerique tropicale la saveur 
riche. et aromatique pourrakavoir une plus large audience. La pulpe et le jus 
de fruit-&e. conservent bien et ce dernier pdurrait “ainsi faire l’objet 
d’exportations profitable; vers les pays d’Europe et d’Am&ique du Nord. .I 

i I’ 
l 6 3 
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U‘villa (Pourouma~ cecropiaefoZia)-Ce fruit, ressemblant g du raisin; est 
pratiquement inconnu en dehors de son aire de repartition dans la partie 

,‘bccidentale du bassin-.de 1’Amazone. Sa chair est agreable quand il est mange . . 
,cru. On peut CgaIement en faire du vin. Il. mdriterait d’etre mis g l’essai dans 
d’aukes regions forestieres basses des tropiqnes. On ne sait absolument rien 
de sa biologie ni de ses possibilites culturales. 

. i 

L 

Babassu (Orbignya speciosa)-Ce palmiei croit ?I profusion dans le bassin de 
1’Amazone et dans dertaines regions Deb. 1’Amirique centrale. Bien que ses 

1 .  graines soient extremepent- riches en huile proche de ̂ -celle, du cokotier, le . I 
: palmier babassu n7i jamais ‘$6 cultive. La main-d’oeuvre requise pour le, 

ramassage..des graines et la durete de celles-ci, les rendantZparticulierement 

.j 
difficiles g euv%r,, sont deux des obstacles a son exploitation. 

:,- Courge klebasse (Cucurbita foetidissimu)-EUe pousse a l’etat nature1 dans 
les regions cksertiques de 1’Arnirique du Nord et a depuis, toujours fourni aux 
Indiens des g&ins comestibles. Ses merites devraient etre plus largement F 6. 
reconnus. ElIe pourrait reprqenter, en effet, une source profitable d’huile I 
aliment&e. et ~,des prot&nes ‘vans les parties tres arides du globe 06 il. 
conviendrait d’etablir des cultures d’essai. 

Espece -Caryocar-Bien que le’promoteur de l’industrie du caoutchouc, Sir 
Henry Wickham, ait en&wag6 cette source d’huile avec autant d’enthou- 

II 

sme que l’h+a, les arbres de l:espece Caryocar, qui poussent a 1Tetat 
uvage en Amazonie, restent mkconnus. 11s portent, en grande quantite, des 

noix oleagineuses ressemblant aus no& du B’resil. 
Jessenia polyca$a-Originaire de -l’Arnazonie, ke palrnier Porte de t&s 

i importants rkgimes .de fruits dont l’huile est analogue en apparence, en teneur’ 
et en qua&e. a celle de l’olive. EIIe est qndue iomme huile alimentaire en . - 

.-Tolombie *maiS est virtuellement inconnue dtis le rsste du monde. I , 
Jojoba (Sirno&$a chinends)- Cette- @ante des regions subtropicales de 

1’Amkrique ‘du Nord occupe une place unique dans le rtgne vdgttal. En effet, 
a l’inverse des autres vegdtaux, elIe secr&ej”une tire liquide dans ses grames, au 
lieu d’esters de glycerol. Les tires liquides sonf importantes pour l’industrie. 
La seule autre source en est le ckchalot.., La mise sous culture du jbjaba 
pourrait,. apporter ainsi de grands avantages Cconomiques aux regions 
tropicales et subtropicales arides-. - 

. 

“Cultures fouraghes 
i 

Acacia al&da-C’est un -arbre que .l’on trouve dans les savanes de 1’Afrique ’ .’ 
orientde et occidentale et dontyli: fe&lage et 1e.s fruits, caractere insolite, 

1 I I I . 



RIkJM6 
> --T- 177 

apparaissent au tours de la saison s&he. Ses feuille‘si et ses gousses sent 
sokent le seul fourage disponible-ti cette kpoque. Toutes les espkes de bitail r 
‘en sont t&s amateurs. n I 

Brosimu.m alicastnrm-Originaire d’AmCrique ‘centrale, c’est un grand arbre 
rksistant a la secheresse. Ses feuilles sont ,comestibles et ses fruits, petits; 
contiennent des graines amylacees. Le bdtail est friand de son feuillage. Peu 
connu en dehors de son aire de dispersion, il merite d’etre essay6 dans les 
regions tropicales-en particular celles qui ont des saisons seches .prolongees et7 
ou le fourage est indispensable. ‘* 

Casse dense (Cassia sntrtii)-Ce buisson est consid+ sans importance dans 
son Australie natale. En Isra&l otiil est &ltivC expirimentalement, il fournit 
un fourage nutritif l’annee durant. I1 faudrait rechercher ses possibilites dais 

‘les iutres regions arides des ciimats temper& et subtropicaux. 
Airoche (esp. A ti@ex)-rPlusieurs especes de ces arbustes australiens 

semblent tres prometteuses pour les regions arides. Elles produisent en 
abondance un foura$e savoureux, particulierement dans les sols sahns. 

,&:L Tamarugo (Prc&&s tamarugo)-Cette 1Cgumineuse est un arbre rustique, 
s-natif du desert inhospitalier d’Atacama au Chili. 11 pousse $ travers une 

couche de se1 pouvant atteindre un m&e. La qualite deses gousses et de ses 
feuilles permet l’elevate’.du mouton a un rythrne? approchant celui des 
meilleures regions fourageres du monde. 

_. -. 

i. 
Q.ivers 

i 
/ +<,a+ ‘_ - 

P&nier butiri (Mauritia flexuosa)LBien ‘qu’il soit le plus abondant d: monde, 
ce palmier n’est pas. exploit6 commercialement. Toutefois, Pans son pays 
natal, le. bassin de l’kmazone, on en tire g petite CchelIe des fruits, de 
l’amidon, des fibres et, du bois,’ 11 recompenserait largementti,le4 efforts de 
recherche et de developpement qu’on lui consacrerait. 

Candelilla (Euphwbia antisyphiZitica)-Les feuilles de cette herbe prove- 
nant des r&ions dksertiques du nord du Mexique sont recouvertes d’une tire 
de valeur. Elle est exploitee -et expediee aux Wats-Unis depuis plusieurs 
anntes par une industrie subvention&e par ,Je gouvemement mexicain. La 
rechefche orientee vers sa culture et son traitement pourrait en faire une 
r&oltk hautement ,profitable pour tous les ~01s~ arides des regions sub- 
tropicales. -* . a 

Cat&u (Calathea lutea)-Cette grande herbe potwe a l’etat sauvage dans 
les r6gions makageuses du bassin de 1’Amazone. Elle reussit tout aussi bien 
quand elle est cultivee en hauteur dans les zones 21 forte pluviosite. Ses feu$lles 
sont recouvertes d’une tire dure qui fond facilement. Facile 5 planter et a 
recolter,’ le cauassti peut etre exploite, dans les regions humides, dans des 

. maraisi d&t& qui seraient in~u&lisZbles autrement . ? I 
, t CI 
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Guar (Cyanopsis tekzgwoloba)-Les graines, a haute teneur en proteines, ‘I 
* de cette plante asiatique qui ressemble au soja, renfBr=ment une gomme qui est ’ 

de plus en plums’ rec%eichee par l’industrie. En raison de ses proprktis 
. . 

exceptionnelles, cette gomme a de nombreux usages qui~vont de son emploi 
dans les tuyaux dkrclendie, pour faire glisser ,l’eau plus facilement, jusqu’au 
durcissement de la creme glacee. De toutes les sources de gomme vegetale, IF =-’ 
guar est la plus prometteuse. 

, “< 

Guayule (Partheniwn argen &turn)---Arbuste des deserts du Me,tique, il 
b 

i contient ’ un latex comparable a celui de I’hevea. Ce sont les problimes ’ 
techniques rencontris dans la separation du latex des r&sines et des kutres 
mat&es vegetales qui ont empeche son utilisation. It recele cependantde 

Y ~~~~~ 

grandes promesses cotie source d& caoutchouc pour les regions arides. 
Ramie (Boehmeriu nivea)ALa f’;bre extraite de ce grand arbuste d’Ex- 

treme-Orient est resistante et pbssede, entre autres qualites remarquables, 
celles de ne pas s’allonger et d’etre irretrecissable. Son exploitation est 
restreinte en raison de, la “gomme qui colle’avec terracite a la fibre. Degommer I ” ,, 
cette derni.ere, serait le premier probleme a risoudre pour donner a la ramie la 
place qui pour&t lui revenir dans l’agriculture tropicale. 7 . .r ’ i . , r \ i ,., .I 

,Paspaltim vaginaturn-Cette herbe exttemement tolerante au se1 supporte 
parfaitement les innondations d’eau sage. Elle egt recommandeer pour 
reconstituer la vegetation des regions envahies par le $1.. Elle est particuliere- 
ment appropriee pour fixer le sable des plages. Dej&.rltivee avec succes en 
Australie, elle fournit du fourage ‘dans les marais &tiers qui, par ailleurs, 
seraient improductifs. -- 

Spirulina (Spiruli~a platensis et Spkulina rn&ima)--Cks algues d hake %. 
teneur en proteines poussent dans les. eaux saumatres et alcalines. A l’inverse 
de’ certaines autres al!gues, les grand rassemblements. de spirulina permettent 
de la recolter facilement avec des filets o-u d’autres mabyens aussi simyjlep. Elle ” 
est agreable aii,gotit et; au Tchad et au Mexique, elk fait deja-partie du regime _. 
-alimentaire. I \ 



Este es un informe sob& plantas tropicales escogidas que tienen la posibilidad s 
de mejorar la calidad de vida en las zon’as tropicales: En terminos generaies 10s a - - 
p&es de esta zona contienen las poblaciones de mas bajos ingresos en todo el +- 
mundo. De ahi que este informec se dirija a aquellos que se preocupan por 
ayudar a 10s paiseg en desarrollo a obtener un aprovechamiento mas eficiente 
y balanceado de sus recursos biologic&:-adr$r&tradores gubernamentales, 
personal tecnico asistente, investigadores agricoIas==en nutrition y disciplinas - . .- 
afines. 

=.a. ---._ _ 
-Las 36, plantas que aqui se describen fueron escogidas pokin-=gru.po de 

+ 

entre 400 personas que habian sido nombradas par. expertos en plantass%+: -F2.-iS. 
todo el mundo en respuesta a una indagacion por escrito. 

_.. ;--1 

. A continuation se da uri resumen de las plantas escogidas por las grandes 
posibilidades que ofrecen, : *3 

“, 

C&;lqd$ p&idqq$&i~i~~+-~ -s e 6!: :; ,_ :, .‘P> J “9 ‘$.ii ‘/ aI -~w.ima, 
Mijo de o~$$!Tchinochl& ‘&nerhrza). E’ste,-pas;o,~l:lvestre de Australia, que’ 2r’ 
jamas se ha ekkudiado; da un grano nutritive con soloregarlo profundamente 
una vez, lo cual indica el potential para aquellas tierras aridas donde llueve 
escasamente. - 

Grano amaranto (Amaranthus spp.)? Las semillas de este casi totalmente 
descuidado grano contienen un nivel sumamente de proteinas y de1 
aminoacidp nutritivo esencial-la licina-que por 1 
reguliridad en las proteinas de las plant&. 

I Quinua (Chenbpodium quinoa). A pesar de 
espiga es una de las mejores fuentes de proteina e 
no se cultiva fuera de su ambiente andino de grandes alJuras. 
A Zusteru marina. Los estudios de exploration 

resultar en copiosos beneficios por cuanto es una 
que crece en el agua salada ‘y que produce grano. 
grano es un concept0 nuevo y de, mucha especulacibn, pero*-los indios de 1 
costa”occidenta1 de Mexico por trddicibn hy cultivado el grano de la Zostera 
ma&a para aliment0 y harina. _j <? B 
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R&es y tuMrculos* 
il 

-Arracacka (Arracaciu xanthorrhizza). Es conocida coma pastinaea pei-uana’ ’ 
0’ debido al sabor y a la textka de s,u raiz. Esta planta, que se’ asemeja al apib,, 

, es descoiocida fu@a de1 altiplano andino. ‘En esta regi6n con frecuey9a se 
*cultiva es{,a raiz elT lugar de la paRa. Su costo de produdcik es ~610 la mitad. I 
b arraca&ba iuenta con un potential atin no explotado’en las altas regiones 
tropicales he1 mundo. 

Yautia f@thosonza spp.). Estas raices altamente productivas s& mds 
nutriti-vas q&e la mandioca (cazabe) y muy faciles de cultivarl’A pesar de 
encontrkse .impliamente distribuidas, no se las ha estudiado con. deteni- 
miento para s’tber cudes SOP sus’posibilidades. ’ 

Taro y D$heetis; (Colocasiu esculenta). S610 en muy 
cultivan en gr& es&a, per0 el taro, que es altamente proc&ctivb, titne muy 
buenas posibili&,ades de cyltivo en las regiones tropicales el Fundo. Algunos 

P; $ipos crecen e& tierra alta, otros en suelos anegado y cenagosos que ‘no 
producirian otroi, alimentos. Dasheens*son variedadesl’rientales que producen 4 
un sin ntimero d! bulbos pequefios y simttricoS de textura vigorosg y que 
pueden a1macenari.e sin peligro que se dafien’. 

. 

‘,. 

~ Vegetales 
i- ,i 

-C?,haya (Cnidoscolus aconitifolius y CyidosColus chayamansa). Estos arbustos 
de crecimiento y proliferacibn ripidos proveen un vegetal Verde nutritivo y p 
parecido ‘a la espinaca. Aunque se la conoce ~610 en Centroamkica, merece 
‘que se la pruebe en otras regiones tropicales. 

Palmito (Euterpe, &iZieZma, Acroconzia, Cocos,,etc.). Durante 10s tiltimos 
d diez*aiios la demanda de este manjar ha crecido tarito que 10s abastecimientos. 

actuales son inadecuados. Las palmas silvestres se tin diezmando ‘puesto que 
al extraerles el coraz6n se las mata. Se debe pro I% ver el cultivo de la palma 
porque ofrece rnuy buenas posibhdades antes de que las silvestres Sean 
destruidas. ’ 

Calabaza amarilla (Benincasa hispida): Este,vegetaJ grande parecido al 
mel6n es f&il de cultiyar y puede ~producir tres cosechas al aiii6. La 

---- __ ‘p;- . 

v’ i: 

*Batatas (Dioscorea spp.). Aunque-4as batatas son muy biei conocklas para que se 1,as 
incluya en este informe, estas son las mis nutritivas y pdpu1are.s de las cosechas de 
raices tropicales. Sin embargo, no se cultivan con tanta amplitudcomo algunas dc. Bus 
competidoras porqtie su costo de pyoducci6n es nicks alio; la inversibn en el studi’gpara 
redilcir su costo de produccibn seria de ex tremo valor. Asimismo es necesario estudiar 
1~s problemas de almacenamiento: alrededor de1 60% de las cosechas muy”a menudo se 

: 

pierde o se pudre. \ i 



Sputa pue,de guardarse hasta por .doce !b ? 
_ ‘ 

“&$bus). Este frijol trepador, de 
ua Nueva Guinea, pero desconocido 

sea la contrapartida dd :@-$3 de soya. Con _ ” 

llegaria a ser una~ de las -ni@jores fuentes de 

l. ” _I \ ! 
/ c . 

“Frutas ’ r - 

Dur& . (Duri~ spp.). El durian corntin es una fruta grande, e@nosa ’ y ’ 
estimada por muchos por su sabor, pero aborrecida por otros poiS$alor. El 5 m * ’ 
descubcmiento de una especie que’no tenga ese olor ofensivo podrra her mas 
aceptable y abriria un mercado mundial a este producto. 

tiarrgostan (Garcinia mangostana). El mangostkn, tal vez una de las Erutas 
de mejor s&or en el mundo, es muy poco conocida fuera de1 sudeste de Asia. 
Las investigaciones agronomicas y en la horticultura a fondo c6ntribuirian a, 

n . ., extender su area de cultivo a otras regiones sumamente humedas de1 _ 
‘,( t&pico-una zona cuyo clima no se presta para el cultivo de la mayoria de las ‘:* _1 : 

siembras. P 

Naranjilla (Solanum quitoense). Esta fruta, usada coma postre, aunque es 
‘2 de la familia de1 tomate pero no se parece a este, es .muy .ape.te&da en Peru, 

Colombia, Ecuador y Guatemala y, sin embargo, es virtktlmente desconocida 
en otras pa&es; Su jugo es delicioso y refreskurte y podria ser popular en la 
zona tropical de Africa y Asia, donde la planta podia florecer con facilidad. a_ 

Pejibaye (@Zielina gasipaes). La frt$t de esta palma, parecida a la castafia, 
es probablemente el ahmento tropical nutritive mejor balanceado. Contiene . .\ 

.? 
, 

carbohidratos, proteina, ,aceite, minerales y vitaminas: Propias de1 tropic0 ’ 7, 
’ humedo, las pdmeras, una -ye;z establecidas,,requieren m oco cuidado y n 

dari una abundante cosecha. 
._ .- 

Pomelo (citis grads). Esta fruta-de tan&no a!$i osrIl%mente de la a 
fan-& de la toionja, es dergran estima en3odo $sudeste de Asia. El eultivo 
de variedades distintas +ria ofrecer exc&enteWposibilidades. si =$stas 
pudieran darse en“tierras bajas tropicales. Si bien Bsta se ha. probado 

,. ’ ampliamen.e- en .las regiones &icas de1 niundo,.la.. calidad de las variedades 
probadas nkca se asemeja.a las mejores de1 sur de Tailkrdia. 
r Guanabana +(Annona muricata). Esta fruta es ,bien conocidi en la”iregi6n 
tfopi‘cal de America’ y tiene un sabbr rice y arotitico que podria disfrutarse 

b mas ampliamente . ,Tanto -‘el jugo coma la ptilpa ‘se conservan bien y su 
eportacion de_ paisesc tropicales, a Europa y NorttamCrica podria ofrecer ,I. 

’ 

buenas,posit%idades economicas. AL 
Uvilla (Pourouma cecwpiaefolia). Esta fruta parecida a la uva es casi V 

. . -b. 3.‘-’ 
\ v - . -‘: ( ., . > 
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_. 

natfl al.occidente de la cuenca de1 Amazonas. 
Su pulpa, que es de saber agradable, se come cruda y tambien sirve para hater 
vino. Esta merece que se la pluebe en otras regiones bajas montangsas de1 
tropico. No se sabe absolutamente- nada en cuanto a sus posibilidades 
biologicas o agronotiicas. 

’ I 

, SeAilhs oleaginosas 

,,,Y Babass&-@rbigrzVw speciosa). Esta palma crece abundantemente err la cuenca 

84; .’ 
de1 Amazonas y algunos lugares de Centroamerica. Aunque las semillas son 
riqas’en aceite,‘muy parecido al ,qeite de coca, la palma babassil no ha sido 

j 
,.-- 

,,,++&n cultivada, Las barreras prin&pales que se interponen a su esplutacion son .1 
.d”> i j/ el trabajo necesario para recolectar las semihas y el heck que estas son 

J’ 
,,” extremadamente duras y no se abren.con facilidad. ,..’ , Calabaza bufalo (Curcurbita ; foetidissima). Esta calabaza sil’vestre del 1 

desierto norteamericano, la cual provee de semillas comestibles a 10s indios de 
Norteamerica, es una posible fuente provechosa- de aceite comestible y 
protei’na en tierras extremadamerite aridas.. Merece que se la reconoza. con 
mas amplitud y se la cultive en forma experimental’eu todas las rcgiones * I. ’ 
kidas de1 mundo. ’ - . I 

Especies de caryocar. A pesar‘de quo’ Sir Henry Wickbum, el pionero~en~la 
2’ ,- 

industria de1 caucho en Malaya;promovio esta fuente de aceite con ek mismo 
entusiasmo con que promovio el kbol de caucho. la especie C’a,gwar 
continua creciendo en forma,sil.vestre, en.% regiondel Amazonas sin que se le’ 
preste mucha atencion.‘Estos.arboles produien.grand& cantidades de semillas 

-* oleaginosas parecidas a la nuez de1 Brasil. . 
,. . 

Jessenia polycprpa.’ Esta palma, oriunda de la region amazonica, produce 
unos racimos egtraordinariamente grandes de una fruta que tiene un aceite ’ 
parecido al de la aceituna en apariencia, cQntemdo y calidad. Se vende Congo- 

- 1 aceite comestible en Bogota, Colombia, pero es caii~desconocida en el restoc 
de1 mundo. ’ I’ -, 8 

Jojoba (Simmondsia chinensis). Esta planta subtropical de Norteamerjca es 
especial en el reino vegetal: segrega cera liqzida en sus semillas en vez de 10s _ 
aceites gkeridos’que otras plantas segregan. En% industria, las &as liquidas 

.’ I son de importancia. Estas son dificiles.de sintetizar y la unica o@-a fuente es el 
I cachalote. El desarrollo de la jojo’ba Gomo producto de cultivq.;promete 

importantes beneficios economicos a las region& aridas tropical s y sub- 2 
tropicales. k I 

.L 

Acacia albida. Este irbol leguuknoso que crece en las sabanas de1 Africa I 
: d 

Oriental y Occidental, es pot corntin por el hecho de producir follajk y fruto ._) 

‘t a . , . __Y 
. . . + \,-- ._-- -a 

a 
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durante \a esta,c;iijnL seca. Sus hojas y vainas, con frecuencia, constituyen el ’ 
unico fdrraje disponible en esa Cpoca y, por lo tanto,“rtiuy apetecidb por toda 
clase de ganado. - 4 * 

Brusimt~m alicastrum. ,Este irbol alto y resistente a la sequia es propio de 
Centroamerica. Produce hojas nutritivas y una fruta pequefia con semiilab 
feculentas. ‘. Sus hojas son favoritas ‘de1 ganadd. Poco se sabe :%cerca de 2” 
este irbol fllrera de Centroamerica y merece qqe se lo pruebe en zonks 

-%ropjcales - cspecialmente en aquellas donde la estacion seca es prolongada- 
dondFs$nccesita una futnte de forraje. 

Dense Cassia (Cassia sturtii). Esta mata de poca importancia coma forraje 
en Australia, su tierra nativa, esta dando un*forraje nutritivo todo el aiio en 
proyectos de experimentation que se llevan a cabo en Israel. Se determinari 
su necesidad potential en otras regiones kidas de clima templado o 
&rbtropical. 
*r Matas salinas (A triplex spp.): Varias especies australianas de estos arbustos 

ofrecen grandes posibilidades para las regiones kidas. Estas producen un 
abundantc forraje de buen gusto, especialmen te en suelos salines. 

Tamarugo’ @‘rasopi.s tampugu). Este kbol leguminoso, duro, n&iv0 de1 
aborreci+ble Desierto de Atachma, en Chile, crece a traves de una capa de sal a ,, 
veces de un metro de espesor. La calidad de sus cipsulas y hojas permite que 
se alimenten ovejas casi en la n$ma proportion en que se hate en las mejores 
zonas forrajeras de1 mundo. 

a 

Miscekineas , ( .L1 
Palma. Buriti (Mauritia flexuosa). Posiblemente esta sea la palmeia rrias 

I 
I 

i abundante en. todo el mundo, pero no ‘tiene ningun uso comercial. Sin 
embargo, un buen ntimero ;e ptoductos-almidbn, fruta, fibra y madera-se : I 

obtienen de ells en pequefia escala en la cuenca de1 Amazonas, su lugar 
nativol Esta es una fuente abundante que muy bien compensard su 
inves$acion y desarrollo. 

Candelilla (Euph$Ga anitsyphilitica). Esta hierba de 10s desiertos de1 :” 
norte de Mexico tiene unas hojas cubiertas de-una cera valiosa. Una empresa 
mexicana con subsidio la ha p,roducido y exportado a” 10s E&ados Unid?& ’ 
durante varios anos. El estudio, elaboraci‘on y cultivo de la candelilla puede 
convertirla en un product0 altamente provechoso en las tierras arid& en toda 
la region subtropical. .‘. 

Cauassu (Cuhthea lutea). Esta hierba silvestre crece alta en cienagas dFla% 
cuenca del- Amazonas, pero tambien crece bien en plantaciones en las laderas 
de cerros en redones ‘de lluvias abundantes. Sus hojas estdn cubiertas de una 
cera dura y de +$a fusion. La cauassti, que es sencilla de, sembrar y cu trvar, f- 
puede producirse en cienagas remotas inservibles de zonas htimedas. 

Cuar (Cvanops@ tetragonobba). Las semillas de alto contenido protinico 
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de esta planta asiitica, que se asemeja a la planta de1 frijol de soya, contienen ’ 
una goma de demanda creciente en la industria. Debido a sus ‘propiedades 
especiales, la goma tiene varies usos, desde permitir que el agua fluya con rnk 
.facilidad a traves de una manguera de incendio hasta endurecer helados. El 
guar es la fuente de gomr .rmis prometedora entre 10s vegetales. 

Guayule (Partheniu~ argentutum). Este es .un arbusto de 10s desiertos 
krexicanos que contiene buena cantidad de latex que se ‘asemeja mucho al 
hule Hevea. Su desarrollo ha sido impedido por,,problemas ‘tecnicos.asociados 
con la separation de1 latex de las resinas J/ otra materia vegetal. Sin embargo, 
coma fuente de caucho ;en regiones kidas, el guayule ofrece grandes 
posibilidades. 

’ Ramio (Boehmeria nivea). La fibra de este arbusto alto y perenne , 7 
proveniente de1 Asia Oriental posee cualidades .superiores-fuerte y no se 
estira ni se encage corn tras. Sin embargo, su desarrollo es restringido porque 
posee una goma que adhiere fuertemente a la fibra. Cuando se solucione el 
problema de extraerle la goma, esto constituira el primer paso para darle al 
ramid un papel de mayor significado en la agrkultura t,ro.pi&.’ 

Hierba de aluvion (Paspalum vagCzatum). Esta’ hierba altainente tolerante a 
la sal .resiste inundaciones de agua de mar y se recornienda para la production 
de nueva vegetacibn de regiones afectadas p,or la sal. En especial, es buena 
para dar estabiiidad a las playas arenosas. Esta herba, que ya se ha cultivado 
con exito en Australia, provee’forraje en cienagas costeras que de 10‘ contrario I 

no se usariLr. I \ ,‘I i 1. 

Espirulina (Spit-u ‘ha platensis y Spirulina maxima). Estas algas de alto 

k 

I 
contenido, proteinic crecen en aguas saladas y alcalinas. Contrario a otras 
algas, 10s grandes conjuxitos de .espirulina permiten su. cosecha..con red o 
cualquier otro metodo sencillo: Es agradable d paladar y ya se usa para 
consume human0 en Chad y en Mexico. 
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