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This book is dedicated to fit memor /'Mlartin Cadrdena lh rmosa 
(/899-1973), outstanding botanist, Quechua scholar, historian, andit 
Pioleer advocate of[ Andean crops. ih, was bornt of Ilndiati pare/Its
and became Reclor (President) of, the Universidad Aittlnoma (It, 
(ochabamba, Bolivia. 

Clrhdenaswas./1rientd anItd advisor to innlinerabhc horticilirists and 
bIotanists .]i'om m/n/' countries. lh' c'/lhitiie'd/ gardellS around Ilt,
world with his g,',ellerou als of, fit rich and varied.flora of the 
A ndes. A wise' and tireless researcher n(lld traveler who all re/lie/aber
with aff'ection, he published a lar.,,e numcer o'articlesand two books. 
Htis 1969 Manual de Pl1antas EIcon6micas de lBolivia-Iowun/ifortuncately 
olit o/'print-is /c'Illost comprehcnisive review o'usel'ill , ld'cin plants 
ever Iiiade. ('irde/asleft his herharibcaua containiinigabout6.500 Bolivian 
speci//ie/s-naiv origi t/lly describedb1 himi-to the ,'niversilad de 
"tculitmn, and his ho/nc and librarv in ('ochabamba to the local 
uin/iversitv for the ust, of.'esearchers. 



Preface
 

The primary purpose here is to draw attention to overlooked food 
crops of the Andes. The crops are not truly lost; indeed, most are well 
known in many areas of the Andes, especially among Indian groups. 
It is to the mainstream of international science and to people outside 
the Andes that they are "lost." Moreover, most of these crops were 
developed by ancient Indian tribes and were established foods long 
before the beginning of' the Inca Empire about 1400 A). For all that, 
however, it was the Incas who, by the time of the Spanish Conquest, 
had brought these plants to their highest state of development and, in 
many cases, had spread them throughout the Andean region. 

It should be unuderst ood thal we are not the first to appreciate the 
potential of these crops. Several agronomists and ethnobotanists
many of them working in the Andes-have begun preserving what 
remains of these traditional Indian foods. Indeed, a handful of dedicated 
AndCan researchers have studied these plants intensively, and have 
struggled for decades to promote them in the face of deeply ingrained 
prejudices in favor of Furopean food. Moreover, their efforts have 
sparked interest outside the region. Some of the plants are already 
showing promise in exp!oratory trials in other tropical highlands as 
well as in more tempe.ratc zones. For instance, cultivation of quinoa 
(a grain) has begun in the United States, oca (a tuber) is an increasingly 
popular Iood with New Zealandcrs. tarwi (a grain legume) is stimulating 
attention in Eastern Elurope, and chcri noya (a fruit) has long been in 
important crop in Spain. 

This study had its origins in a 1984 seminar held at the National 
Research Council.' Subsequently, the staff mailed questionnaires to 
about 200 plant scientists worldwide requesting nominations of under
exploited Andcan crop species for inclusion in this report. The result 
was a flood of' suggestions and information that was fashioned into a 
first draflt of this book. Each of the first-draft chapters was then mailed 
back to the original contributors as well as to other experts identified 
by the staff. As a result, scevral thousand suggestions for corrections 

IThe participanis inchLIcd (G.J. Anderson. T. Brown. F. Caplan. 1). Cusack. t).W. 
G(,de. C.B. Iciser. T. Johns. C. Kaifffnan. S. King. 1). Pticknctt. II. Popenoc. C. 
Rick. R.I. Schulics. I.. Schulc. C.R. Sperling. I). Ugent. and K. Zinin rer. 
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and improvements were received, and each was evaluated and inte
grated into the second draft. At the same time, a dozen or so additional 
species were included. SubseqienIv. all chapters were mailed out at 
least once more, and several thousand more Comments were received 
and incorporated into what, after editing, became the current text. 
Finally. the panel and staff .isited the Ande, in mid-1988 to assess 
the aCCl Ccv.and bata.'e of each Chapter. 

All told, more than 600 people from 56 countries (see Research 
Contacts) have directly contributed to this book. A few species
described-capUli cherry and za'Lr1bo sqtnlash, for example-are not 
Andean nativs but are inclded because the Andean types have much 
to offer the rest of' the %orfd. 

This report has beenIi writt en for issemi ination to adnminiist rators, 
entrepreneurs, and researchers illdC\eo1plg Coutries as well ino as 
North America. lurope. and Austrlisia. It is not a li.ndhook or 
scientific mllonogra[ph: re fereccs are provided for readers seeking
additional inlforrmlation. Its prpose is to pro ide a hrief' introduction 
to the plants selected,. and it is intended a, a tool for economic 
development rather than a textbook or serve\ of1 Andean b1otaii oir 
agricultnuc. The ullilat aim is,to raise nutritionial le\els and create 
econolic oppoltlnlities. pitrticultrl\ il the Andes. The report, hov
ever. delicraltely descr'ics the prorrise of these plats for markets in 
industrialized nation,,. It is in these countries (Where a concentration 
of reseach lIcilities and discFetiorl\v rCsearch 'lnd, llay be found) 
that nmn1v important research Contibutions are likely to he made. 

Because the book is ' ilten for audiences of' both laymen and 
researchers. eClch chapter is organized in increasing levels of detail. 
The lead paragraphs and prospects Sections are intended primarily foI. 
nonspecialists. The later seclions contain backgl'ound information fironn 
which specialists can bettertNess a plants pot ential for their regions 
or research programs. I lnall, . appendixes prowide the addresses of 
researchers who knov, the individual plants. in'ormalion on potential 
sources of' germplasm . and lists of' carefully selected papers that 
provide more detail than can be presented here. Because these pants 
are so little studied, the literatu'e on tfenill is often old, diflicult to find, 
or availale only locally. This is unfortunate, and we hope that this 
book will slimulate monographs on each of tile species.

Tihis book has been prtoduced tnder the auNpiccs of' the Advisory 
(Committecon Technology lnno\ation .,\('II of the Board on Science 
and 'l'echnology for Internatiomal l)echlopnrent. Natior: d Research 
CoUlncil. A('TI is mandated to assess innovative scientilec and tech
nological advances. pa'ticulauly eniphasizing those appiop'iate for 
developi rig Col itries. Sinrice its f'otnding in 1971, it has prodtced alMost 
40 reports identify ilng 11ncoIvelit ional scientiic sulbjecls of promise for 
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developing countries. These have covered subjects as diverse as the 
uses of water buffalo, butterfly farming, fast-growing trees, and 
techniques to provide more water fr arid lands (see list of current 
titles at the back of this report). Publications dealing with underex
ploited food plants are: 

* Tropical Lc',nme.v: Re.sources for tt, Future (1979) 
* The Win.'ed Bean: A lligh Protein Crop fi th, T'opics (Second 

Edition. 1981) 
* Amaranth: *Modern lrospct.oranII A n'ient Crop (1983)
 
" Quality-I'rotein Maize (1988)
 
• TriticahI."A lr'mi.jin, Addition to t/itWorld'.s Cereal Grains 

(1989). 
The panel wishes to thank those who contributed to the success of 

its South American visit-in particular. Luis Simar Kalinowski. Jorge
Soria. Modcsto Sori., Jaime Pacheco. Vincente Ca-.,aunapa, and the 
staff of the Instituto Nacional de Investigaciones Agropecuarias 
(INIAP). 

This activity was s:iniii u laled by a Program Initiation Funding grant 
frtom the National Research Council. Program costs for the study were 
provided b the Jesse Smith Noycs Foi ndation. Staff support Costs 
Were provided by the ()ffice of the Science Advisor. Agency for 
International Development. 

How to cite this report:
 
National Research Council. 1989. Lost Crop.\ q1' the Incas: Lih'le-

Known Plants of the Ami/s with Prondise.for 1Vorlti'ide Cultivation.
 
National Academ; Press. Washington. I).C.
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Introduction
 

At the time of' the Spanish conquest, the Incas cultivated almost as 
many species of plants as the farmers of all Asia or Europe.' On 
mountainsides up to Ioulr kilometers high along the spine of a whole 
continent and in cli[mtes varying f'on tropical to polar. they grew a 
wealth of roots, grains, IeguneIs. egetV;i-,les, lfrtits. and llts. 

Without nloney, iron. wheek. or \orkL anhnials for plowing, the 
IndianlS tCrrTc and iredited iII pmuced abiitlllidlt fod Ir fil'tCen 
millionuo More peopic-rouighl, Is1aniny as inhabit the highlands
today. lhrotuehoitlI tile vast IncalF'mIpire, sprawling from southern 
Colombia to ccntral ('hile--an area isgreal ;I that governed hy Rome 
iltits zCnIthl-SItoChotIlS oVCrtlo\\Cd \\ithl grains itld dried tulers. 
1cCausC of' the Inca's p'Iductive agrictLlturC and remarkalc public 
orgaiiizaition, it was usual to have 3-7 years' supply of* fod ill storage. 

But Pizarro and most of tile kaler Spaiiarlds \who conquiered Peru 
repressed tle Irdians. supprCssed their tralditions, and destroyed mIch 
of the iiricatC agricultural systei. They considered the natives to be 
backward and unCreat ixVc. silver andi BoIth Crown and Church prized 
SOIs-not plns. Crop, thit hld held honored positions in Indian 
society for thousands of years were delibere;lCly replaced by ELropean 
.,pecies (notably whCiat. barle. cl: ;. and broid heuls) that the 
conquelors dmCanlllded he grown. 

Forced into obscllV wr aill least 'do/e llnative root crops. three 
grains. three legLiles, lnd more than i dozen IlIruits. Domesticated 
plants such as oca. Ilaca. tirwi. iltfias. and tlucina have remained in 
tile highlands during the ilmnost SlW \,)ears Siiice l'i/a;u'ro'S conquest. 
L.acking imodern constituencuy . iley have received little scientific 
respect. resear Ich. Yet tihe'or cornll uercill ;d vaince menlt. irichldu Se1oC 
widely dIptl. C. extremely nitrltiolIIS. arid rCiriakably tasty foods. 

This botanical colonia Iism closed off from the rest of, tile world a 
maj/ior Centelr of ctop diversilv. Food plants of Asia, Mexico. and 

II has'teen crJlllialed rhati.\ndea1n Indians domestiicated is mnly i,,7(0 separalc crop
specie,,. Cootk, 1925. 

Bitahin to Pefrsia. 
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The Inca Empire mea sured moir tian 4.0)) km from end Io end. Superimposed on a 
map of modern South Ameiica. it %otildbegi on (oi hmbia's southern frontier, stretch
southward along the coast anmd1highlands of Ec uador and Peru. spiawl across highland
Bolivia into norihwestern Aigentiina. and rea ch down into centnil Chile to just below 
Santiago. This vast territory was prohahl the largest ever formed anywhere based on 
a "Bronze Age" level of technlogy. 



INTRO)UCTION 3 

especially of Europe became prominnt: those of the Andes were 
largely lost to tile ouLtside world. 

However. it is not too late to re.,cue these f'oods from oblivion. 
Aliho' ! ,ost have heen hidden from outsiders, they did not become 
extinct. Today in the hih Andes. the ancient influences still persist 
with rira.l peasantlS, who irei rl,el v pure-blooded Indian and continue 
to grow the crops of their forebears. During the +.eptUrie;. lhey, have 
maintained the Inca's food crops in the face of neglect,. and even 
scorn, by much of the society Around them. hi local markets, women 
i distinctive hat!, aild horne'.pur jackets (man v incorporting vivid 

designs inspired by plant forms and prescrihcd b the Incas more han 
500 years ago, sit behind sack, of glowing grains, baskets of beans of 
every color, and bowls conta ining ILn-cioLrs fisli.s. At their feet are 
piles of stranrgclv shaped tubers-red, yellow, purple. even candy 
striped some as rotund ind bright it Ibilliard halls, others long and 
thin and wrinkled. These are the -lost crops of t-i, Incas." 

That th,.se traditional naltive crops havc t possible role in fture 
food pr'odeClion is iNidicated h\ the success of' the few that escaped 
the colonial conlines. Arriouln the Inca's \eallh of root crops, the 
donie1SticaLed pot.,to. an11IInciCII! staple previously tunknownill outside 
the Andes. proved i convenient food foi slaves in the Spanish silver 
mines .nd sailors on tile Spanish galleons. Almost inadvertently, it 
,.vas introduced to Spain. where, over several ceiitlrics, it spread out 
icl'oss lIi lrope \\it'senetically l've ntaIlly, tile new11nd1 v trnsformed. 
forn ros,. to bec cC tile fonurtlh la~l'"et crop on earth. Other Andean 
ciops tlhat reached the ouLtside \Norld alnd elno,,edl speclIculair success 

-were lilli bealls. peppers. and the toilato. 
In lieht ot this, it is suriprising that more than 30 promising Inca 

staples reinai u largely restricted to lie i r nat i'Cyaind s aiid unappreciated 
elsewhere. (iven research. tliese. too. could become iniportanlt iiew 
coilrihultors o tlie mtode ri world's food supply . 

ANDEAN ENVIRONMENT 

The Aiideari region became an important center for domestication 
of crop species because of its striking geographical contrasts. Along 
its western margini stretches iiarrow coastal desert that is all btL 
uninhabilltble except where soie fortv small. fertile river valleys cross 

' Mosr Ncw World crop thai rosc ro gtl':it prominence came from outside (ie Andes:
 
cassa;Vi' and -teel portao ('aril'heall: colrll, heall. lo squashes. pincapple. vanilta,
 
;tilt choctOhile IMesicor: anld peanilltsl 13i'll),. for e.aml1ple.
 
ISee pltigc 163. 191, and 195. Allhoug'i the oilo species had its origins in tie Andes,

it was doleslicaled as md panl else here, aild is rthereotre perhips nor strictly 1n
 
Anld eani crop. Potahroes ;ie the ont echtNsi vely Aindean plant t) have gone worldwide.
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it. Behind this mostly harren plain towers the worls second-highest
mountain range, the Andes. reaching an average of c ver .(l()0meters
elevation. Its glacia;l heights are also uinhabilable. but ,ntermnhan 
valleys and basins are wiell suited to human occupation, and these 
became the home of the Inca r'ulers . BiVond the motl nlallval e s,on 
the eastern face ofl Andes.the 

of 

are ftound suibtropic:Il cloud lfolCsts 
gently sloping into the Amalitzin jiulgl. 

The Andean recion was quite tnlike th lo !erthins \t her, clusters 
crons were domesticated. Iercw'.VCno vast. 'trendilg plains o' 

uniforniy fcrtile . ,,el1-watcrCd land as inl Asia . -llropc. or theI Middle 
East. Instead. there was anl illMOst lot lack ft flat. l+,'tile. wll
watered soil. A,.deandcpeople, grey, tlhCir crops on millions of lilly plots
scattered over a length of' thousands of kilometers and pcrchcc one 
above antther tip motuntainsidC, rising thou -,tt:dS of mierS. 

This complicated ecologicial niosaic Cl':aLd coutless taicrocli
,m;ites-icliditng so(me oflthe dricst alld lltCst., coldest and hot1test,
and IowCst and hiehCst lfound anvl,\11, orId. PCrHlals o otherhere in the v, 
Contiguous legion ha', "lch itbroad raellg, '.f clillolnell!tt.,, Iithe 
ancient Inca hmpire. And the region is ,o fraim,..'nted thai rainfall. 
firost, sunlight, and soil tylpe can r,. over dIatL'cS as. ,,hort as atfe\, 
meters. For instinlcC, a vallc\ loot nllayIvt\e thick ,oils, abundltllant 
snshie in the dvtitni, and se\ ere t night. v,herea, inmmediately 
adjit'll slopes HIa e thitt soled, ,had d and fost free. 

To protect themselvce agatinst crop failure, amcint Andean farmers 
utilized all the tnicroen\ irole1CInts th\ :ould. ('01dtions causing poor
harvests in one could proidclc bulmper cops alanother. Flaimers 
'leliberately mai',tined tiel'.is itdifI'erent elevations, and this verlically
diversified iamineu 'ostered the developmcnlIt of' corlutcopia of crop
varieties, each with slightly (lifferent tolerances to soil type. moisture, 
tenipelatttl, insolation, and other l'actors. 

The result i " diversit, of Crops served uIsit0 of larllform insurance, 
-ut the dil'fCrin gOMth c of dil'f'erent also permittedo de.Ics ClCvattonS 
work to he stggered aid the.ref re to be cultivated.moe, :.urea 

INCA AGRICULTURE 

Western Sotith .rAmerica's di'.matic stage-coast. valleys, highlands. 
aild cloud for-st-fol-led t, ,clinefor tie e\volht ioln olfAeall 
civilization, which emerged some .4.(tO \cars ago. ()n the seiiarid 

(pposifC: Li.ll a t, cp:tlzIent I I.;ill;:. ti h i ler I 'i lPci l. c ,,l et C tetai;nlillm llln600),t0 t hectats ill t C'iC . lltI c'Illillc d ill pl lllts . Ilcx ,taiellic lllll,,_'
farII'ls,huill tlp) ,feet) ll ill;/illshape,, \\Ith"folle'l'etfilvil1,. l,Nck)[1n llit et+k d vi'a
 ,
 
of'fod farad, andl 

protecled colp, duriing Icl ijill! inight,. ilc \titl, \t.lll oing 

:uHotln .tifs it,thi: l1ici,.,lhlc,,plmide.d lilhd+,IcL coUIlillcdf clk)',il. 

%till)\ lk Iligailted carried 
distances Ihtli'ii tione ;il ll.di, . a the distanh ic i ill 'tpfi, lle e chi wp,,on these 
eraces are natlill i, ,llcht i llah 11111 ('aidich,rih i ,c.ilci. iilhico. (A. 

http:tiel'.is
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6 1.OST ('R(O)()F TlHE INCAS 

coast, Lip the precipitous slopes, across tile high plateaus, and down 
into the subtropical jungles of the eastern face of the Andes, dozens 
Of cultuires flourished and faded before the risc of the Incas in about 
1400 All). 

The Incas inherited and huilt upon tile p'odLcts of thousands of 
years of organized humanr endeavoi. It as t ho. throLigh military
and diplomatic genius. first United a vast rcalm running tile length of 
the Andes. Inpoying an inspired, if rigid, admi nist ration, they
promulgated a Social uniforiity from their capital. (_Tuzco' . The cntir, 
empire "as a ;ingle nation. governed by the same laws. privileges, 
and CutStomI1slS. 

The union \within tile Inca Fmpire \.a. s-,trprisilig bCeaIse the v\arioLtS 
lands it covered were so vastlI diffeient: seared desert, saline flats. 
vertical valley \valls, windsw ept barrens. trripe-canopv junglC. glacial
sands, floodplains. Saline crusts, p)CrpCtual snlo, . and equatorial heat. 
This diversity is rcflected ill the Incas, o\n name for their empire: 
]Tahuantinstvu-KihgdoJii of tle :ouir 'orsCI'-ctoast. platCau. inloutn
taim. and jungle. Yet the Incas lcarnedf to managce the desolation and 
the 'r'it \ of thiese Most Lemaiding habitat, and they made these 
regions hloom. 

This suCCess, t;\ , iiq. to Several factors. 
First. the Irc;I,, v.cr.c 1rm:e,r agriculturalists. Tllc borroced sceds 

and rootS flrOl their conque_.rcd neighbohrs and forciblv p'Cad a wealthh 
of food crops th]rouglhout their empire, even into region s ,icre they 
were r,.viOcslyvrUikno\\ i. To enhance tle chance., of success. the 
Incas ptlrpos,,CfHlly tra,+splantcd the plants with their failrmers. thereby
spreading hothi the ,qpcics and the klov, lelgc of h1o, to cultivate 
theni. 

Second . thlie Incas created a vast ill'i'aStttire 1t support (or pelalps 
to enforce) tile empire's agriculturc. For example. they modified and 
conscrved steeply hloping erodilc terrain tby constructing terraces and 
irrigation \orks. arid hy iostcririg tile use of fariring systems that 
attenuated the c\trerces of tlemperatun and wvatler. These inciudCd. 
far examplc, ridged fields and plaiitirig in small pits. Ill some a.C;. 
Iica lerraces anrld irrigation svsteis covered thousand s of leCtiares. 
Many arc Still inl use'. 

Third. contributing to the infrastructure were roads and footpaths
that provided aIn extensive systcn for transporting products to all 
corners of' tlie realmin. As a.rslIt. mllaSSiV,y.1a momtlS o1' food Could be 
moved on the hacks of' llamas and hulmans-for cxarnpl, corn into 
the highlands. quirim to the lowlands, and tropical fruits from the 
eastern jungles to lhe heights of (uzco. To irnplemient this superb
organizat ion Witho ltH paper or a writt e i language, an accounting system 
was developed that used kiots tied il Stlands of yaIln f lqiplti). The 
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code of the knots has never been solved, so today they cannot he 
"'read," but it resembles the binary system of computers. and could 
maintain highly elaborate and complex accounts. 

Further. the roads and footpaths made possible the exchange of 
information. Instruct ions and advice were carried quickly throughout 
the empire by inorganized corps of runners. In this way. Inca sages 
sent predictions of the weather for the upcoming cropping season to 
and from all regions. ' he predictions \were based on natural indicators 
such itsthe behavior of aninals, tile flowering of certain plants. and 
the patterns of tile clouds and ri iinfall. The lncas were familiar, for 
example, with the phenomenon known :is"'El Nifio" that periodically 
changes the ocean currents off tile coasts of Peru and Ecuador. 

Also, the Incas developed methods for preserving their harvests for 
years, when necessary. It is estimated that in the central highlands of 
Peru alone there were tens of thousands of large. rock-walled silos 
and warehouses. Such stores Were filled each year with dried and 
salted meaeIt (tiis was called -'01rq ,"i.- tile source of thewhich is 
English word "'jrky". They also contained roots preserved lV f'reeze
drying. When potatoes, for exaniple, had been harvested at the highest 
altLudes. th.C were spread out and left overih:lit in the freezing air. 
The next day, mcil. womnCn. and children walked over the partly 
withered tubers. .queeing 0Izut the moisttnrC that had been released by 
the freezing. The same process was repeated over several nights 1and 
days. after which the potatoes \were completely dehydrated and could 
be stored safely (sec page 10). 

THE INCAS'DESCENDANTS
 

[or all its sizC a.nd splendor. the Inca Empire endured for only a 
century. and it \vas brought dtowii by fewer than 200 Spanish adven
turers. Toda. thie gion of tle em pir--the highlands from Colombia 

through ChlIc-is one of th e world's most depressed areas. The infant 
lortalitv rate is one of the highest on the Soutth Anerican continent

more th. ii one-fourth of the clildiCII die before tihei r first birthday. a 
rate more that twxice that of Latin America at large and about 50 times
that of Sweden. 0!li I in 7 homes has ltotble v ater. and onlv I in 

40 has indoor p!iniling. Add to tiis tile d islUPlt c.itsed by guerrillas.ion 
who have nill campaign of terror the" Peruvianlaunched arInd., iin 
highlands, and it is no surprise that miassie igration fromi the 
countryside to tile cities is occurrilg. 

Exacerbating tile highlands" difficulties are cultural and ethnic 
divisions. The Indians. who make tip .0bout half of the population. live 
a life apart from the modern sector. Most still speak Quechua. the 
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RECREATING PREHISTORIC ABUNDANCE 

About 3.,00 ar, ;121. intn'nio IMl 'tl.agiictitltilllc \\;I,, dc' 151,
 
on the hili h plid, t Perm
ilhc l- iiAl.ides. Itcntpovcd plalurm,, of soil 
StrrO)tLunLC( I1\ ditch,,, filled it vi t For c ttt;ic, thi, ucnlhotd 
louri'tIhcd hc uLIllSCit pI)OdItued huIItn-Cr pt,it the ki.u ot lods. drtughts.
and Ilh,.killini 't,of~ tho,, 3.80( i l-lndu .,
 

Artounid I .A !iticca. et.litls,01'0% C )0.0)00hctteat¢, these1Crai.,Cd
 
ieldil,.l,, 1 0rti.1 qa oeund. \ll\,date hiAk
n c ,till it leat,, 2.))i) ,ar,. 
Nt \.inllkid ltllIIiICI C',tloCl't0ll. lliiiwuolkitl,
il let il l ; \ lc l+, will 

altclh ,,listshmc ,ccutsliic!r dlnt e of the llutll tlll.and the 
restlt,,has. C been ai;a /int.u. 1t,\ I, ItctIrIIl. liii iilstailce. that tIn', rnethod 
can triple th ,.id tf l oI'palittI,.,. Il1t llIast , .1,\pefi-1tI-ilt. p0l-1, 5ields 
Itttri i l,,.(d losll li lt i,t ,..l,Iloi' 

' clie c ills+ferilii/'dl. As ae.",tilh
tl s+uc.h ets~ lflmlis,. hI, ; itttis+,' has\ e l+et+itl ',tetoitic. tle ulelitl 

1l15o %.5 .
Itilldc i\ 
L,, ilt)itili1lti 0I- Ill d , II. C isl i'tI)C Ltl' his oIlme ,li cr.iitihI't ,, 


ahl sll1Istlitalld Lisiiiiiiit Ielct. V01 0iiiC ll11112. It iLlICiL 01Ci 
iilpait'Is oI est IltL s it itlis!IIIi It, •. I)IIiitIHL LIItli0 ht1s. iiim st1ix joIntql Il 

Water In the canals absorbs; Ih+ 
.un s heat by day and radiates it 
back by nght, helping p'etect crops 
against frost The more IelIs 
cultivated thisway the bigger the 
effect on the microenviroorn Sni 

The platforms are 
(onerally 13 Io33 letl 
wide, 33 It330 let long 
and about 3 leelhii;h buill 
with sol dug from canalso1 
similar si/e and depth 

Sedlimentinthocanals,nitrogen
ich algae, and plant and animal 

remains provide fertilizer or 
crops In an experiment. potato 
yields outstripped those from 
chemically fertilized fields 
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Canals slowly ascends to the roots b1\ capllarit\ . and during floods. the 
l'Lrrows drain ima\,. c%,\ce runotf'. 

For another, it rdll.c [he impaIct of ltllelatetlelll,. Water iv 
the canals ah-rbs the stun, heat b\ a and rdiale it back h+\ fight. 
thcrb\ k cpine the air %arm an llpin I otlelctcr'lops a.-"ainsl I'Fost, ()n 
the raised beds. nighttimtne tinperitr., can1 he se,,l;e d l-.re, hi uher 
thaln in tlie S -urroundineu,'i+n. 

Iora third, it mlintainis tertilits ill tie soil. In the ls.cam ,ilt. scdillnelt. 
nitrogen-rich algae, arid ila;nt Mid aninad ucmtins d c \ into a nutrietll
rich muck. Se oillal ;accuritu lalui ,rll 1c d11 ve out of fte mirrosand 
added to the rIad beds,, IrMiding tL uits to tile plant,,. 

The prelhilsoric leclt op] Ilah, p1icd so prodtlci\ e arid lnexpellei 

thal it i, seen a, a possihil ltcrn;li\c lo much o thne lhird tWrM .heI.re 
Sealrce 1J'res Ire aid hash utI,.l conditiorll, Ina .\ Iirllatd th Ieadn cellI 
i" lllodl'll giCultlr'e. It rt luir',s [10 l ' tok Ir f'Itililookmoder e te 1r'main1 
eXp Clls,C is I'o lalbor !0 dig cIaa ill d buil nip thU pl tlh~rrr, t'.Ihdirlt 
held in hy blocks f,"od on thc sides. 

,+.+ (.. .i oY 



I0 LOS I CROPS 0!IIF!INCAS 

CHCINO
 

In ilddiitiohi lo NL!ill 2 1LC1HU011 hafilllillL! \'Iil aI~ll I1dIil~g 

( )nIC tcchllc al z' l0 1ItC-ail\ I00[l Cl 01)I, Ilile .\adCii liphlakd. 

Ifil lh~t" tic so) C 1l i 12 i, N '11Ilk i all \ that1 ttihelN lh outl 1 iile;Ill 
O~pen ItamI a llc[i ll" mi betI~t Il1/-ld iNIlii\. file peoplecomeit 
help fle ploeeNN, ,tlIllv h" Lc 

t clillle 1111 iuhlil ;it ntightloI keep Off1aLa.%V' 
midl M\ miliplp kill f)1ile uIhl dihlirl1 flie ti;.\ to) N(Itiee/e 1111 file waler 

eeasedL b\ fihe pret laIN, 111.011N IICLa/ll2. 
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The resulting product, made mostly from potatoes and known as chuDfo, 
was vital to the Incas' ability to carry out their conquests and maintain 
command ofthe cmpire. For instance. it enabled the millions of inhabitants 
to withstand naturid disasters, it suppliedJ passing armies, :,ld it was a 
long-term insurance against crop lkfilure (a corstant threat ili this frost
prone region). The lIcas planned so well that cinquistlador IHernando de 
Soto was moved to say "There was never hunger known in their realm.'" 
The conquistadorcs quickly iecogni/Cd (hm-'A viirt uCs. Inde d, some 
Spaniards made fortuneS shipping Uh1d0 by llama train It) the barren 
heights of' Potoi (in today's Ilolix ,M xxhere it was the mail food for 
slaves wo,-king in the silver Iines. 

Chuido cai be kept fOr years kvithout refrigrtiti or special care. and 
it is still %xidclvmade. Fxen to0da1\, it cl comprise up to 80 percent of 
the diet o" tiue highind 1'ndians in limes ot' crop tailure. lhe natural freeze
drying proceos is also cxte~li',elv wed \wilh ,oie bitter species of potatoes 
(see page 97). heHbitter gl vcoalkaloids arC x ,tcr andsoluCble they get 

qtlezeid out \%itl the \atcr. climinating most of' the Iitteruess. 
lhe figure Shov, s rodrni slet's ofl ariid+ relted produlcts froi 

the market ill :\xaciucho. PerU. ('lock\\ise' f'lorn top: r/hudmh and related 
prodntlct Inlmdc o'rol oca kovi). fiorn fecrsh potitocs tic (trteuno), frn 
lfluco (I/in,/i. arind i boled pottocs (p/): At,(a). (S. Kine) 

lingut ';Ialc;i of" the Incas: a fex a-otud Lake Titicau. on the Pel'tt
l,oli\ia boIder speak AvnitIi,',la \'C; older hlnguage.. The Indians' 
nrLI lives haveu% lot chatgLd appt'iCciably for Ciercations. 

()I the otlhr hainld. the xxbitsCS and td sti/os (persons of' I1\eCl 
Itopealin aril Inrdiarn ariceStrr). who tnakc op (he other hall' of' the 
populilor. Speak Spanish Uode'iuban (hal 
Iltt rdroilrg r'iapid 

and lixe\ in a wotrld is 
cltlrt-. 

Ad 
notion iSIllait their food 

The clas,, therefore ate sepIraC aid triqitlal.n i concornitant 
!khlit tr' sCpa'altc and tneqItlal ISwell. It 

Ila\ sNCeml irrational, bitt Cctops li \wotld over ate Stigntatized by ihe 
prCtidicC held ngaillst the les)ll %ho ist,IhCt1 Most. ' 

)ver the centutries, tihe spatiill ie\ that iative crops atei1f'ferior 
to Iuttrolpean etops sti as \x het. l;,trlex. arid broad beans has petrsisted. 
Indian foods are still1 eqted xhh Ilxx r status. 'The coMIqiistadotleS 
would Ulliubtilll be aIMt/ed to set_ p)ottoe,,, toatolesh , peppers. 
and litnas corit ibttit, 7 sigilficantlly to rnoetiLtr Spain' , cuisine. Bllt 
they votuld see that their prtiudiceS atgaiilsl oca. t'itrxi. qttinoa, and 
dozti of othe'r Inca foods are still hlrgelv itl pl;ac itl Sotth Atrterictca. 

STire l'n)lisf ri..isted to vt pouliloc , I(-ot oitcernlirie,, ill pi t ll[c Ic he tri l aIe
theln: nolhcin !:uropclnr gliirled iorllloe, c'.'rrn longer. irlpn;t b cilic lltt lilr, alre 
tlhermr: aind cull hmrdai ill Ilic 1'rrited hih."s. Loillird gri'ern 'cptac to Iirn 
people . ho collsider Iheril "poolr olk tood." 

areIrici llhble 
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RECENT INTEREST IN INCA CROPS 

The LlgICIIN olrC\lItiing the Indians' native crops ha, been 
licightcned ill rccllt yal's .Is llole and ote highland Indians have 
foisaken thicr indijenoti,, crop,. In palt. this ahandonnlnCt has CCn 
cansed h\ lilralioll to Io\,l\uvd cities. Also. ill tile 19W-hcl 
imporled Mhat b;calc cleap---produ,is such a, hlad or noodles 
weCrc \idel' plromrllotd., and traditional diCtar\ hahils, wCrC abalohined. 

Nonetheless, the l.idian+' ;iriciltural iechniquS are no iegaining 
the :ittelitioll of Ltin .Amerianelo\'-.erililiCllv ald sieCntlist. IFo1 
exatnple. an C\periieltal ptijlCet in ltl ino. Peu, ha', rejlvCnatedI rJaised 
fildsk (built lup to clnhatice drainage) built long htore the tile of the 
Incas. and fIlund thid tfhe\ pr,,dtluced tril)e the ,ielh of fl'ertiliiZd 
ptatOL's in a.jacent fields. [he rcslts vrc so ,pectaucllalr that ocal 
people he-an retorin e v1n paes 8Y_). Thisriisd fields o their sce 
cillt1 the allCltioll of ]ltIls t . M.fc"hohnpes to Ilse the 
knio, l,'dge to help hiuIllnld villagcrs l . morei food and tIeCh\ halt 
1iel-ation '.(o the ileA-ld\ tI,.cro'ICrLed cities,.
SIhc traditional crops le. also gaillile more ill.oderll l+,.I.pt ()vcr" 

the past 25 laers. Aiideii et- chml"s of all lickgiotiiids haNle bgin 
foculin,, oii lltlie food plits. Ill 19(v4. the lnstituto l eriallteiu uriuorii 
de ('ickius \riol\- u ll.. \ ptli_shed a classic \ oLk oin food crops 

Aeils,.' In ll 6. a9ii t nill tl a allof the 8 rlltC'll O ii 6tiion Lfilirl 
kauni\\, \a i's held in Itlno. inl I97:. I1( '\ helped orgllni/c i sc.noad 
ilteriltiolll com\cllion in P'otosi. IBolii a. on thuese taotl lditionull: 
grain crolp, . Bl then, lie niunubr o!. Andemui scient, 'aoikillg oi 
iune,iii, clopl hitl incacsd ilumulkedl\. alld it 'aas decided thal an 
inlcinlational tollul.s,) '\aoillld be ield e\l \ I'C\ \Ci', adll \aotld Ile 
eplidd to 0)\ Ci the till comlenuemh0lil Of Aelltalll cll. Alt bout 
this iitle. also. tlie Ituaod of Plant enlic Resources 
Illl(ilt beguiuii plm idiil! sippotl fol maintaining gelIilip lsi colfcc
tiols. andlI1(*\ andtli' (a'iildialntii ciunlioiul I)e\ eloilclilt Reseairchi 
Centre II)R(') b-anpil) iding resoluc, forfhotlliciltlrtul reserllch on 
Allcill Cro). 

All thi, aa cllclitil . alth liugh it \\'it, still a tin\ part of the recion's 
overall aicultural ieca:eli e'f't. A hifll'il of dedicated Andean 
leIi'r1:lcl.s had cc)eli/C'l the \aiilc of their agriilltillval hcrilagc hill 
were receiving little local eincoiur it-,uii, . Nonetheless,. sihstanial 

,Iprogrcs ws miade. Ili 1977. Ifr .\ample. tilie First International 
Congress onil Andicll ('rops \is icld inl A..\ teichti. Peru. Ill 1979 a 

' Ti..',l IJl l 

Ihl11Ni ,i I ililtf I\ It sl,+'.i IL:l'l C0 lCLlCd 1110tllT i h l s It' kI to0 I+t h Iaf hiIIII1c 
h l Ilhc+, li1!.h-pIl(Lt'il iglail clop"+. IThe Ilew'alche.l,, iildlii dt NLIIIIII I" Cl llia, anld 
t 11hi llc' h Gialill lllli, " i, i i and M otto l1c.'i1 ol ilitl Ikil~ii ofl 

http:l+,.I.pt
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major collaborative work was published on quinoa and kaniwa.1 And 
shortly thereafter, nmajor collections or quinoa were made and modern 
machinery for harvestirg and processing the gain %as developed. 

The early IQ80s brought yet more advances. From 1980 to 1985, the 
Peruvian university system undemtook rsecch on A udean c lops and 
mout mmn agric tl systeins. Peru's Programa N acional de Sistermastllt 

Andinos de Prodtice66l Agropect'arias l'inded more than 50 agronomllic 
research projects, involving native crops and researchers urom t"ni
versitics in I ltiancayo. Aacticho. (ntco, and Puno. Also, a massive 
program f'r the selection and improvement of quinoa xcas tdertaken." 

Now,. in the late 1980s. as it result ol'all these efftlorts, Andean crops 
are increaisingly being vie\eed as national resources in Colombia. 
Eculador. Peru. aind 13olivia. Peru. for inslaniCe, is en1couraging fatrmers 
to plant kiwicha. tnutritious Andell grain tnd has sttpporicd programns 
that usu kiwichaW. quintoa. and tarwi in childhood nttttition projects. 
Ecuador has establishCd urban-ntrition edl:".ation program1ls, with tile 
goal of icintrodhicmn people to the centuries-ol.tt itritiotls crops of 
the region. 

Evenr \xii ;tlthese cl'lorts, there still e\ists a vast lack of' under
stalldillg Of' ile crop, of theICls. ,id many people still retain the 
prejudice that thc plills atre second-iale. I lowever. th ciltlural barriers 
that once kept thu plaits suipprcssed aIre stalling to crilbhle. Behind 
lhen). researichers , promise of wellh of newlno, cll glimpse the 

crops for the modern \nde,,a1nd'. for tlheeven rest of' the world. 

FUTURE OF TIlE LOST CROPS 

loday. allmost all the niative Andean toods are foreign to outsiders, 
and it is too early to predict the eventual extent of their woi dwide 
acceptallce It is a 1ollg. hartd. and very UliceArhtin trail to make a little
known plant into ani international crop. 

I however. at least so ic of Ihese rtolp' IhW ,',on becolle coimon 
household foods. It Call be said With collfidleice that tlhe basic qualities 
of' these crops ate solld-lhe, cn fIor eIainiple, be ctiltivated to give 
acceptable yields and t hey ofler good nutrition and inleieslitin tastes. 
What is less ccrtaill is their adapllilitv to ind prolitaility in new 
localtiolls. 

Whether the plaills havc been Iried in tle\ regioius in the past is of 
little COnSeqlence. New technologies make it Clsier to develop and 
adapt ne\v crop-; than at any time in Iislorv. Modein plani geneics is 
especially poweirfu Ifor solanaceoll s Species (planits of' the nightshade 

klIpial cl ;i., 1979/.
 

om h: nmilionial It(A. IIIP(GR, anditl"\Vllh1sulrpllr lil t g-ovel'rinnenl, he II)RC. 

http:centuries-ol.tt
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family, of which the Andes has several. such as potatoes, peppers.
 
pepino. tamaril. goldenberry and naranjilla.
 

All of the crops described intis book deserve i \ esigalton. For
 
exploitation, most require very basic research, iluding the follov irg:
 

* Collection. lo preserve genetic divoersi t \r the hui. germ
plasm collections should iemade. especiall in isolated areas.
 

* Selection. The agronoinmnic triaits of the differe nt perm plasm should
 
be characterizeil and important qualities noted.
 

* A.,ronom.1. A.-nalsis of Ch'ural practices. plant establishmenlt,

and optilntin plant deusit\ should bc undertaken. Research into
 
mninirnal ferltili/er requirements is especiall\ needed. For example. in
 
Peru s ,\ vaculcho+ncci' n,cx en Small alloutlis ol fcrctili/el have boosted 
potato ields front 5 ton ton22 Itons pei hectare. 

S(enetics. The plautl" genetics should be investigated so that 
eflicient plnt-Ibreeding stllee: s ort li provement can be devised.ti r iill 

(W ith llost of these crops. valicial inipro%Clleellt is illits inlfancy.)
 

* landling. liupro\Ctl haicsling. cleaning. and processing tech
niqltes ate 'CtenIneeded. espcialll\one" that lower laibor requirements
 
orl enhance cild-prodtict viahle.
 

SNu'trition. :\dditiotal zititrilional studies \,otild he helpful in somlle
 
species, especiallx "o cltiil opt lli \ it h other footls.
C(hIle lnutit dictr 


SPIest and )isease ('ontrol. Nil\ of the 1o\
platill, suiffer frot 
afllictions of viruses, bacri. a.id miClltatoLCs all of \hich are 
potlenliall controllablc. 

FUTURE BEYOND THE ANDES 

It is in the Andes that the plants havc telir greatest potential,
especially for devloping food products For Mtalnourished seglltl.eis of 
the population. Il\evei. thex alSo promisC to Ibecone useful ne\v 
crops for other dCvClopt1ing iegiolls of t le world such as tihe tropical 
highlands of Asia. cnlrll Alica. an.! (eatral:if AmLcrica. In addition. 
they have notahble promise for some tiudusirialied regions such as the 
United States. Lturope, lapal . aid Alstiralasia. Ii faclt, lone cotlrllly
outside the Andes alread\ has had conidraLble cs'perielle and success 
with th lim-Ne\\ Zealatnd. 

lhe reason these pliits oulld h\ c this \ide ecological adaptation
is that althotuigh 'lie Inca I.ljijpitC d acr0sN the eqil aist!Cech tllr, 

peoples actlillmll\ tnli 
sea level \\here tie-crackitg cold descets at 11snset. and the clillte 

atit\ru of. it', d\ clitmre three kilomieters above 

is llotc temperate that] tropical. \ s a result, these clops ill general
have lin\acharacteristics that have adapted thmCll lot cultivation inl 
egion, \well outside the heat of tihe tropics. Ihowever. additional 
incertainties exist when a crop is to be Iraisplanled frolm1o11C pairt of 
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the worid to another--for example, daylength (photoperiod) depend
ence. which could he particularly troublesome. 

Because the plants arc native to latitudes near the equator (where 
the day and night lengttls are equal year-ronrd), some will not reach 
maturity duringithe long summei and fall days of the temperate zones. 
This difliculty has proved surniotl ntabIC in potatoes. tloillatOcs, peppers. 
and lima beans, bui it still could take growers some time to locate 
varieties or genes that can allo\k each of the ciop., descrilled ill this 
report W Ito as far 'rillc ctle LLlator as North Ainirica . I'tlrope,be L'row 
jiapall. and Atlrstralasia. 

)iflererice in sensitivity Io cold is rior her possihlC probleni . Althotigh 
the I:c1peratrurc variation in the '\rideai highlands often frol p.runs 
fc\ decrees of' frost at night Wa lhiht-slCCvC tClerl-atrlrs at mnidday, 
tile frstns it Ihe .-\ides ar extremely dry. aid they rarel form ice oii 
the plants. Therefore. 'lietler frost-tolcrace data recorded in the 
Andes can b extiapolated to other a.as is uncertain. 

Nonetheless. the glohal promise of' these plants is very high. In tlhe 
last few cCitririCs the tdcIl\ has b Cen to focu on) fewer arid fwer" 
speciCs. bit t)lav ilill ancient tits, vegetablcs. aid grains are 
linding lie\ifiilC in \\orld Markets. This is heartenin. becautse to keep
agriculire hcillthy aind '.Ivilnic. farirer's ,vci' lvhcrc need plcnlt of 
optionis. cspcciall rio\\ ,.ieun niarkct,, cliriiates. nationm policies. 
scientific Understanding. aid tccholo.ics are changing at a r;pid picc. 

The necesaryVnext steps to ii clop dev'vo.'hlpiient nc exploitatitm 
are often interdiscillina\ , iil l ie, icsc illtrests such ias genetics. 
pr'ocessiig. riark,,ting. ad\c.erlisillg. aid technical dce'eloprent fron 
[lie fal'ril to the e port er. 

l)eveloping the losr Clops of' the Inca,, is tile kind of' research lhat 
scientists should Undertake. In the process. they \ill lift the veil of 
obscurit, arid retiscover tlile prormiise of" Iec c cps ttiC S lal i left 
behind. The Inca h'riEpir'e's grai,,, tbers,. legilnes,. f'riitv.egctahles. 
ar.lnt uLts are an idClUrirgitCaStllC for the Ar.les ail for the rest 01' 
the world. Millions of' people shoutld quickly Ile iritiucCd to these 
lCgleclcd foods of'a remarkable people. 

A suiliir follows of lre plants selected by tlie panel. 

ROOT CROPS 

Achira. Achira ('Wina edii.s. Cannaceae) looks somewhat like a 
large-leaved lily. Its fleshy roots (actually rhizomes)& sometiies as 
long as in adult's foreari, contain i shining starch whose unisualy 
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large grains are actnally big enough to see with the naked e''e'.This 
starch is easily digested and is promisingp Ifor both food and Iindwstr'ial 
purposes. (Page 27) 

Ahipa. Ahipa Ii' I, /iv:hi. i. ahip. I glmiinos.ie) is a legume, but 
unlike it, relalves the pea. heam, sovh,iu. and pcantl. It s grown for 
its swollen., flehv root". Inside. the-.c tuherotis roots arc stUcculelIt, 
white, s ,cet. pleasiltl, flavored, nd crisp like an apple. They are an 
attractive addilio to green salads and fruit saladl. Th," can also be 
steamed or boiled and have tlie trlusal prolpert,, ot' retaining their 
Crunllch\ tCeILIIu even alter cookin . IPa,c 30i 

Arracacha. Abo(v c rounnI, tis,1An, plait aija tulll[tl'rhrhjiu.-
ULnhcilifAcae) resembles eeler\ U \, hi'h it i, relted. leClo'A girOtlud.

however, it producc,, sriioth-,ki]inel rlootlt look ,oiil\'.hat like
 
white car1ts. liese lot l;t\ a1 crisp tcxit ;iiid atdelicate flavor
 
that (ollbins tste "Clcr\ cabba'c. and
lie t, roasted chetnllt. 
lh'v :aC ,er\ Cd loiled o frie1 1s tab \ a lIC or amddCd 1o'ews. 

The -ell ',li thirouui hiit ('olmilbi't ;irlha\ ebecole popular In the 
hig citic,s l sou tlliuin lli;i l. (Piel 471 

Maca. aic;tI/ /'a+,hm w< m',v.(Uiucifeiais a,plant that reseill
hies a ra;dislh ,il ii iCltied 1 cre , the Ifiropea,i alid vegethble.
 
I lo +e',ci.ailtblhrl its, ctli!c ea;ecs ciatel iI salads alnd are 
used 
to faten gieillm"i piLu'. it i l' l \iliicd hlr it, s\ ollien ioots. Lookitig 
like bromn iadishe,. tles are Iih ii ils r illid starches aind ha',c i 
swect. tag'i, fL',1:\ Ilex 'ie a dl;ico. consiulerctl ill tie high pli Ceai,, 
of, PIru arid BOBlii. llr,'dcanC;1 icI)riCd.tlh\ be ears). 571 

Mashua. [lie \ cll-kru kii i ;tdeni rrastirltiillll \,, aI lavorie Inica 
olllallntil. ;anid ;it high altitudes in the Arude it , clluc relative. 
lliashulra (r/loqo'o/uud Id)TcO kiUll/, TIopaeuilaceiC. is i food staple.
Falllrs olt'ni profor rnlaslii;r also called ilitl ) to other Ithrs 
because it is eaisier to g ue,.1i It rctliiIrs less liho atid C;ire and it can 
be Stored in the gltodill itld Iaei\c',C ,hrC needCed. (ipc (7) 

Mauka. Nlauk t ilirhi/ji c'./, un. . N x claciiccat) has thick slems 
ari yvellhM orl sa1ilmol-colorcd flesChl' rot' thalt imake it atsort cas;va 
ofl'the highlans. "1he plant was tiikri\, i to10 scincc until "liscovered' 
in lholivia in Il, " 1f6s, and it noo\, has a!,,o bcll fknuuilll in rellote 
l]oinlhit.nu irelds of Icuiador anid Peii. I1fplaced ill andthe Sinl theln 
put in s uige, the ubers turn ver\, sweet. like swetl potatoes. (Page 
75) 

http:l]oinlhit.nu
http:glmiinos.ie
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Oca. An exceptionally hardy plant that looks somewhat like clover, 
oca (Oxa/is mbtero.a. ()xalidaceae) produces an abundanc: of wrinkled 
tubers in an ariay of interesting Nhapes, and in shades from pink to 
yellow In the Andean highlands, 11is, nd only ioth" potato in the 
amount consumed, and is still a stapi, for Peruvian and Bolivian 
Indians living at high altitlddes. The firm white flesh has a pleasant, 
sometimes slightly acid taste. lPage 831 

Potatoes. The coin nutn potato becane one of the 20 or so staple 
crops that feed the whole planet, but in the Andes are at least 5 other 
cultivated polities (.Solanui1t species. Solanaceac). Collectively. these 
are a(apted to a%' i ara ocli)mats ;1d provideia genetic source 
of diversivl . disease resistance, and lie\\ crops. Nlan\' have rintistll 
and marketahle propertics. Some arC golde II Velhov inside, a tmber 
have atdecidcdl,%ntltl\ tase. and llllost all are ii-ore concentrated in 
nultrients than is the common potato. IPage 93) 

Ulluco. Some ol'the most striking-lookUg roots in AndCan markets 
are the tiilucos 1ti/ucurs luhcorf.u. Basellaceaie). The\ are so irightly 
colorcd-.eIlo\s, pink. red, C\ecn candy stripetL-hlt their waxy skins 
make them look almost like pla,,tic fakes. ()lnce atstaple illthe Inca 
di,, .lluco is one Of thethe w ildigenous crops thai has increased its 
range over tile last century. Insome areas, it vie's willpotatoes as a 
carbohvdrate staple. Nll\ consider it a delicacy, and it i.,commonly 
purchased in modern pac kaging in city supermarkets. It is usually 
prepared like potatoes und is uSed chiefly in thick soups and stews. 
(Page 105) 

Yacon. Yacon (1',0lvmmnia .,on hi'liiU (_'onpositae) is a distant 
relative of the sunflower. (1rown in temperate valleys from Colombia 
to northwestern Argentina. it prduces tubers that on the inside are 
white, sweet, and juicy, but almost calorie free. Because of their 
succulence, tihey are eaten ra' and make a pleasant refreshment. They 
;iie also caten cooked. In addilion. the main steam is used like celery, 
and tile plant also shows pronise as a.folder crop. (Page 115) 

GRAINS 

Kaniwa. This broad-leaved plant (Chenopodium pallidicade, 
Chenopodiaceac) produces one of the most nutritious of all grains, 
with a protein content of 16-19 percent and an unusually effective 
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balance of essential amino acids. It flourishes in poor rocky soil athigh elevations, usually surviving frosts that kill other grain crops, and
outyielding them in droughts. Incredibly, it thrives where frosts occur
nine months of the year. Snowfalls or strong winds that flatten fields
of barley or even quinoa (see below) usually leave kaniwa unaffected. 
(Page 129) 

Kiwicha. The seeds of this amaranth (Amaranthuscudaiu.ts, Anmar
anthaceae), an almost totally neglected grain crop. have high t,.'el , ofprotein and the essential amino acid. lysine, which is usually L.,'king
in plant protein. Kiwicha protein is almost comparable to milk protein
(casein) in nutritional quality, and it complements the nutritional quality
of foods that normally would be made from flours of corn, rice, or
wheat. This makes kiwicha particularlV beneficial for infants, children,
and pregnant and lactating women. (Page 139) 

Quinoa. Although the seed of this tall herb (Cl'cnopodium qIitloa,
Chenopodiaceae) is one of the hest sources of protein in the vegetable
kingdom, quinoa is hardly known in cultivation outside its upland
Andean home. However. experience in the United States and England
shows that the grain is readily accepted by people who have never
tasted it before. Quinoa can be grown under particularly unfavorable 
conditions, at high elevation. on poorly drained lands, in cold regions,
and under drought. Already. much has been learned about this plant,
which is becoming a commercial success outside the Andes. (Page 
149) 

LEGUMES
 

Basul. Basul (Er'hrina edi/is, l-eguminosae) is a common legu
minous tree of thc Andean highlands. It is unusual in that it produces

large edible seeds and is 
 one of the few trees that produces a basic
food. Accordingly, it has promise as a perennial, high-protein crop for
subtropical areas tropicaland highlands. Beyond its use in food
production, it is also a promising nitrogen-fixing tree for use in
reforestation, beautification, erosion control, and forage production. 
(Page 165) 

Nufias. The nufa (t'haseolus vi'lris, Leguminosate) is a variety
of the common bean, but it is the bean counterpart of popcorn. Dropped
into hot oil, nufias burst out of their seed coats. The popping is much
le;s dramatic than with popcorn-nufias don't fly up into the air-but
the product has a delightful flavor and a consistency somewhat like 
roasted peanuts. (Page 173) 

http:cudaiu.ts
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Tarwi. This lupin (Lupinus Imitabilis, Leguminosae) is one of the 
most beautiful crops, and its seeds are as rich, or richer, in protein
than peas, beans, soybeans, and peanuts-the world's premier plant
protein sources. Also, they coatain about as much vegetable oil as 
soybeans. Tarwi has been held back mainly becatse its seeds are 
bitter. The Indians soak them in running water for a day or two, to 
wash out the bitterness. R( .ry. engineers in Peru and Chile have 
developed machinery to do it Imole quickly and more easily. Also, 
geneticists in several countries have developed bitter-free varieties 
that need little or no washing. (Page 181) 

VEGETABLES
 

Peppers. Chilies an ', sweet peppers (Capsicum species, Solana
ceac) have become the most widely u;cd spices in the world, but 
hidden in the Andes-the original home of all peppers-are several 
more domesticated peppers as well as some wild species. All of these 
ire employed by local people, and they promise to add new pungency, 
new tastes, and new variety to many of the world's cuisines. (Page 
195) 

Squashes and Their Relatives. Several of the fruits that are 
variously known as pumpkins, squashes, gourds, or vegetable marrows 
have their origins or greatest development in the Andes. These 
(Cttuutrbilil species, Cucurbitaceae) and some lesser-known botanical 
relatives are robust. productive crops. especially suitable for subsist
ence use. Many are little known elsewhere, and offer promise of new 
and better foods for scores of countries. (Page 203) 

FRUITS 

Berries. Along the length of the Andes are found several dozen 
localized berry fruits. These include relatives of'iaspberry and black
berry Rubus species, Rosaceae). blueberry (Vaccinium species, Ro
saceae). and some small berries (Myrus species, Myrtaceae) that are 
rather like mini guavas. Collectively, they represent tsource of new 
and interesting fruits. (Page 213) 

Capuli Cherry. The black cherries that are found throughout the 
Americas reach their best dc'elopment in the Andes, where the capuli 
(t'runus capuli, Rosaceae is a popular city and backyard tree. The 
cherrylike fruits are found in the markets three or four months of the 
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year. Some are Iarge, sweet. fleshy, and said to be at least as good as 
the traditional chcrry of the rest of tie world. (Page 223) 

Cherimoya. Of all the Inca fi-nMi, only the che rillloya (Amutoltl 
cherimohI. Atmoinaceae) is cultivated substantilly outsi le Andes. 
It is being grown commerciall in Spain. Soutlhern C(.alif*orlia. and a 
few other Places. Such intferel is undeitanda,!e. Inside tihe thin 
greenish skin of the cherillo\i is it delicious. sCet, illd juicy flesh 
with a creamy, cu,,tardlike textUlC. Its ulniLuC flavor tstes like a subtle 
blend of papaya. pilcapplc, rlid balniaLI. (WPagc 229) 

Goldenberr. A relative of' the North me\nrican husk tomato, the 
goldenberrv ('hv.%ali.s pcruvialmo, Solamaceite is fresh tastingz and 
makes one of the \world's fincst Jams. Unuder har1sh conditions it 
provides a vealt Af," cllo,. i:urble- sized fruits, that are beginnling to 
attract itlernlational acclaim for their lliavr and appearalce. Page 
241) 

Highland Papayas. A..\though the pipila\ is one of"tle primier 
fruits of the vOrid, its botalical cousins (C iarica ,pecie, ('irica''eaJ) 
of the Andes are all but tikilo. ii.1The\'. too, ha\ c much prollise, and 
they might allow tile extcleion of tile culivatii of pal-avalike ruits 
into cooler areas thal is now possile. PF'age 253) 

Lucuma. Tlik, fruit (I'mlIrir Illcur! . Sapolaccite) can be colsild
ered a1 frti. U'stapleUnlike oranges or apples. its f'ruits are dIv, rich 
in starch. aiId suitable for Usr a a, basio, ceryday carbohydrate. It 
has becl said that a single tree can Iced a l'amily year-rund. The 
fruits arC often eatel fr,,s;h anld are very popular inl milkshakes, ice 
crCaml, and other tretilt. )ried. thve Store for yeairs. (Page 263) 

Naranjilla. Related to. but whollv tilike. tomatoes, this f'ruit 
(Soluimum quilocl.se. Solalacele) is highlyv esteemed in PCILI, Cololrmtbia, 
Ecilador. and Guatemala, but virtually unkiion elsewhere. Its deli
cious, refreshing juice is one of' tle delights of tile northern Andes, 
and it could become poupular in tle Atfrican and Asian tropics, where 
the phlt could cotCCi V llIoisi.fa! (Page 267) 

Pacay. Anmng the most untiustual of all fruit trees, pacay (liga 
species, I .eguminiosaeI) producCs long pods Iilled with soft white p1tlIp. 
This pulp is so svet that the pods have been called ice-creamlbeans. 
Not only are the fruits attractive and popula', this nlitrogen-fixing tree 
is extremely promising for reforestation, agroforestry, and for produc
tion of wood products. (Page 277) 

http:quilocl.se
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Passionfruits. This exotic fruit (Passfflora species. Passifloraceae) 
is becoming popular in Europe, North America, and other places. 
With its concentrated perfume and flavoring ability, passionfruit "de
velops" the taste of bland drink bases such as apple juice or white 
grape juice. So far, all commercial developments have been based on 
a single Brazilian species. In the Andes are scores of other species, 
some of which ate ,epultd to be superior to the Brazilian one. (Page 
287) 

Pepino. A large, conical, yellow fruitt (Solanun mnuricattin, So
lanaceae) with jagged purple streaks, pepino's mellow flesh tastes like 
a sweet melon. It is beginning to enter international comtnerce. Already 
gaining popularity in New Zealand and Japan, the delicate pepino 
seems destined to become a benchmark for premium fruit production. 
(Page 297) 

Tamarillo (Tree Tomato). Inca gardens high on the mountainsides 
contained small trees that bore large crops of egg-shaped "tonatoes." 
Today these tree totnatoes (C(Yphomumidra betacca. Solanaceac) remain 
one of the most popular local fruits. They have bright, shiny, red or 
golden skins and can be caten raw or cooked or added to cakes, fruit 
salads, sauces, or ice cream. Their succulent flesh looks somewhat 
like that of the tomato, but it is tart and tangy and has a piquancy 
quite its own. (Page 307) 

NUTS 

Quito Palm. The streets and parks of the city of Quito are lined 
with an elegant palm (Parajutbava cocoides, Palnae) that seems out 
of place because Quito is one of the highest cities in the world and 
has a cool climate. The palm produces many fruits that look and taste 
like tiny coconuts. They are so popular that only early riserl. can lind 
any left on the streets. (Page 319) 

Walnuts. While mos walnut species ate natives of the Northern 
Hemisphere, a few occur itt the Andes. They are common backyard 
and wayside trees, and at least one of' these (Jutglans teolropica, 
Juglandeaceac) is a promising timber and nut tree. In New Zealand, 
this species has grown Unusually flast for a walnut, and its nuts are of 
fine flavor. (Page 323) 



PART I
 

Roots and Tubers 

As lood Io hunians, i*001 CIOps iC second in importance only to 
cereals. These plants-whose undergrouiid portions may be roots, 
tubers, rhizomcs, or corms-lfeed hun.d'Cds of millions of people. For 
instance, the an nual world productiion of potatoes has reached nearly
300 million tons. sweet potatoes and yamls over 130 Imillio tons CIch. 
and cassava at I1a00I )0million tons. 

Although pre-Colt mbian IIndians of the Andes domesticatLed more 
starchy root crops than aly other peoples. onl I one has heconie a 
world crop-the polalo. which is now grown insome 130 nations and 
is the f'ou rth hla'gCst food crop of the planet. The others have seldom 
been tried out side SOot hAmerica, ve t hey are still Ioinrd iII tle Andes 
and represent some of' the most interesting of all root crops. No other 
region displays such diversiv. 

The following chaplers describe tie -h'"orgottCn'"Andean root crops: 
achira. ahipa., arracacha, imca. iaslhuta natuka. oca. tulloco, yacon.
ald seven littlc-known species of potatoes. By and large, these are 
attractive aiid tasty. They come illrnylilad colors, shapes, and sizes. 
They belong to botanical families as different as those of mustard, 
legumiles, and SI nllower. Tlbev' teld to be richer in vitaiis aind 
proteins' than toda y's con vent ional roots. Anrd collectively, they shov 
enorrious adaptlability to diflicult conditions. 

That this flascinating wealth of edile roots has been overlooked is 
a loss to the world alid atparlicular loss to the Andes. From Venezuela 
to Chile. even minor effTris could earn big rewards. For exaiiple, 
some of iC roots now being planted conlain 10.000 years* acciriula
tions of viruses. Although (iC viruses do not kill the plants they
greatly reduce \'igor arid yield. Removing them could bring enorilious 
benelits. aiid it doesri't refanircy iIrSitlnlCriint s or lotsrCqiLhC o nioney. 

IAlthough prorein tIvels arc quotedIhrIughoii this section. the figures should le taken 
with skepticism. Most were derived hy Iheiradirional process of mittipling nitrogen
values by 6.25. This has reccritly been shown to sometines give readings tharare too 
high because roots car, contain nilrogen in a nonprotein forn. 
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Each Andean nation should have at least one national center for 
cleansing propaga tion materials.2 Moreover. \with appropriate control 
procedures. reinf'ection of the plants can be minimized. Some plants, 
for example. take up to I0 generations to develop signilicant levels of
reinfci ion. 

Also. simall agronomic imiprovecnlts could have hig effects. For 
example. in the Aldts OCa no has01 Ill CragC yieldan of 4.5 to)s per 
hectare. but experimenal plots, in \\hic t little Imanure' or fertilizer 
was usCd, ha\VC proIdLicl ;almlost 1It time, thai amoilnl. Siiilar 
improv 'cnl,,are likely \ itlh the otheor AlndaCnu ilots. 

All in all. it i, Jim1portan It gi\c illore cllphasis to root crops. They 
are o'ten the crops of the poorl . Thev provide more calories per hectare 
than iai ll grai.l,, mlrl 1M)Most tpCs o tfoed plantS,ehap thanll 
they arc vital in Ienlmte arl. reunlO\Cd I'loll the mIalistrem of 
collrlcel and tgricultural e\teCniton. In ;addilion. rot0 crops are Inil 
incrcasine elmLanthIighdthroughot the orlL. 

Together. tile Atdea n root crops reprelet a laNe \wealth of terll
plasmil. It is tile Inot promising solUrce of iCw crops o this type. 
Considering that the Incas gr\\ all these species along \with potalocs. 
it seems irration0al that only the poltato has global promise. The 16 
others described ill this set-Cinl)l at Icit de'erT l challnc. Given 
attention by plant breeders and other specialists, sonic, at least. could 
becoie important soutrces" 0I' i'od, n1ot o111y l'tel tile Anldes, bt for 
dozens of countries where tie\, are at present unknown. 

P.ill has i. nltcelkt"li tilet! ,l tih al Nnco' t In 1.111ia .cillcl San a. 

HOW THE POTATO REACHED EUROPE 

d(IlA ribwd il I/it, /c//lo in' So lim,i it i\ incllc 1inIu cP11cicl/r I/it' irlrtIiml(l
 
Ir'ct')iptol I,/ '-./ 11i op llst fi+c Ihr c'tdit'/ fttltll .
t I/c 

\Vhell (oltilnbis set t'Oot ill tie No\\ Worlt,. i.tropcans had no inkling

of Ihc existence of' tihe polo. Iie\ lived oll calalge sol ndIllnlLhes
 
and gilelS 
 Illade tc' \heal. Ir\ce. arl\ M-rdiICd iii,. And, dcspitC
 
recurrenlt crop flailircs and rcpctili\c itniiules, ihe seelned satisied.
 

11wa, o111)in I 3 . inear lakc Titi:ca; in olthern cru. thai 1Eur1'o
peans-the Spalish conqnll~adte,,---lir,, repolecilgIhis tluber illa
 
had been donie,,iciled y Ailalilll Indiain', thslnillsd, ol' befclle.
oyear . In 
his ('11/ c/i'ih 01 PI'rT. PCdl d (Liea die leCon \vrl'e' plrhirhe first 
description. "..hTrll Iootls...ac Ithc si/e of' allneg. ilore tlr less, Sone 
roulnd some. elonl0galCd: tile il w tile and prpl11ce and cllox\, flolury rools
 
of good fliavor', a L-liICe.',' to thI Illdiin,, iaid ;I din1t dih even fr the
 
Spliiiards."
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J.4
 

4 

appealed,Wheniit first the potalo was classified as a ftorni o tlitle'i or indergrlind 
funguls. This confiusioii led i,several l:'rt pean names fLi[he potato. Ktrtoflcl. the 
(ieriiuaii niirne for potl;it. ;,,%cIl is its Russian .cttinlt.pim Aato(i ki, both derive froln 
the Italian word itlultlo. i'lle -venilhe %%oid"Ither" c tmes rinlithe\\hich incins, 

sanme mistaken soIirce. tIhis dla\ illg is Ieprtducetd 'loillt of ti ;tilelis itooks on1 
muishionis: Iranciscus Van Silmeeck's Ilicatmum uttormm, putlished ill1675. It 
was origilall, iitdtl t01 ('liIsi1s in l0 ,hill iii s [lot is.t heciise it was lost illthe 
printer's otlice. Itslu .sthlt even as rcc.nl as 3(1( eas agt. i irpeans still thought 
Ihat Pttatoes %Cie some 1rn of ftlliguc ti'n . 

The potato reached Spain sometime helore 1570. It was planted as an 
oddity in a monastery garden in Seville. In 1576. deling Spanish export 
restrictions. ('harles de ILcltjse (('lusit s smuggled two tubers and a 

outlt this fiurmonu 
gave the potato special mention in his health find matual. IRariornli 
Phitarim? Ili.ottia. But publicity w not enough. Nost of I-t, 

seedling plant 0" Spain. Later, Austrian plant collector 

rope treated 
the potato wilh apatthy and then with hostility. Peasants lived with 
starvation lot two cenluries ehfOre embracing the plant 

For examplc, in 1756 had weather threatened to destroy Prussia's wheat, 
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rye, and oat crops. Starvation, the recurient age-old killer, once more 
stalked the land. and to offset disaster Frederick the Great decreed that 
all his subjects plant potatoes. That was nothing new: his father, grand
lIather, and great grandf"atherIatd made similar LCcrees over the previous 
100 ycar's or sO-SOle even Ihreatenintig it) cut lh nose and cars oil 
anyone who rel'ised. But. as bef'ore. it was all in vaini. Convinced that 
potatoes cauSCd lcprosy, the Prus,,ian peasaints obe cd the king's trloops 
but crept back at night and sCcretly pulled ulp the plants. '[hen, in sell
righteous dignity they rcturnCd to their hovels to continue io sul'er the 
agonies of empt. bellies. 

This was not in isolatcd incident. Similar ',cenes, oCCutLi in France, 
Swclcn. Russia. (ircCCC, alnd other nation,. To Europeans of' that cra. 
the potato ,.Wa,dark, dirty, and highly sinister. Since it is not mentioned 
in the Bible, it was considered Unfit fo0r hunalln consumption. iecalse it 
wls not gro\n sCCd, was ,ai(i to0 bCoi'r111 it Cvil. Frclch CXper-ts insisled 
it would destroy tie soil inl which it was, planted. Physician , all over 
1E1urOpC rcptCd that it ca.CL lCplosv. syphilis. and ,clofhila. Botanists
even the greil Linnaeus-cast uspicion oil it bcCau',C it is related 1t 
.. dCvil's herb.'' th dea"dl niehtShldc. Scverl coutlnrisC COtlsiderc .t a 
dangcrw, aphrodiitc lhMt wolltl send their people uncontrollably mad
 
with lust.
 

It was not until the lae 170)s that Europeanslinally took ip tile potato
 
with gusto. Thercafcr, it revolutioni/ed their eating hbits. It came to
 
t'eed millions to the exclusion of' most other vegetables. Today. nine
tenths of the \s orldt', crop is prodLIcced ill Ellropc. ''he greatest per capita
 
consumers of' potatoes in the world 
 tC POlind. lrcland. and East Germany.
 
The largest overall prtodtlcer is tile Soviet Union. The Netherlands is
 
typical of' nany: o!' the 5 million t0n1S o1' VCgetales it plodlceS annually.
 
4 million ton, atre potatoes. From Ihis Former Inca crop. Scandinavii,
 
France, (erman . and RLussiae c\Cut uillv dcvclpcd "national" dishes
 
such as potato dumlllplings and potato pancakes, not to mention their
 
renowned liqtot's aquavit and vodki.
 

The tur'naround ill populairity of 
 the ptt11o \w'as duc mainly to certiitn
'crop chaimpioi',"-iditidtalls, o' vision wiho dedicalted their talents,
 
emotions. anl1d egos to the Crop's cause. 
 The Most failols \was Antoine
 
Parmentier. After conrvincing 
 Louis XVI o1' the potato's qutalities, he
 
tricked French peasants, into thinking potatoes were lit only for royalty.
 
As a result. tht.- peopl.. pilfered thle king's polato fields, and the plant
 
quickly ended uip in gardetis all over France.
 

In Germany. potatoes were also given roval cachet by a series of*royal

advocates. inchlding Frederick tile Greil: aLnd 
 in Greece. by King Otto I.
 
In Sweden. 
 fhe potatdos protagolist was Jonas AIstirnl'er. who -'stole'
 
two sacks of them from England tid despite being chased y the British
 
navy) got them safely it Stockholm.
 

Such crop champiots are what the plants in the folllowing chapters 
require today. 





Achira
 

Achira (Canna ('d/ii') looks somewhat like a large-leaved lily and 
is closely related to tile ornamental cannas widely giown in both 
temperate and tropical zones., It was probab ly one of tile first plants 
to have heen domesticated in ie Andean region. I asv to plant and 
easy to crow. it de'Cvelops IhIge. cditlC udergrorudIi hi ones some

tilles as lorit as a person's foreaitll. 
Although littlC stUdied 1y m1lodern sciCntists, these starl-filled 

rlizomes aire produced 1h IiroughouLt a vast i*ioli that Cxtends fromll 
Mexico aid the West Indies to Ve neztlela. through the Anides and tlhe 
Aiazon ha sin to Arigentina. and along the Pacific co'ist to northern 
Chile. In mutlch of this area achira is a market vegetalhC. but only in 
Peru aird southerin "c'tlador iSs t a subsaillnial Crop. 

Solle ach r is si iply cooked and eate ll, MIost of'the pilit s . however, 
,ire Used to prodLicC stlarchI. Inl this process. tlie ri zomles are shrCddled. 
tie grated material duliped into watcr. and the fibrous pulp separated 
froil tie lieavy Starch by decanting. The starch is tlhen sold for ise il 
Ifools Is well as in other products. Such as sizing and hliundry starch. 

This plant could have a miuchIirightler fuit ure as both I a food and I 
cash crop. Its starch has the iaigest gralirles ever IImeaSlred. They can 
actuallly be seen with the naked ce arid aie three titles the size of 
potato-starch grailules. tile current Stanidald for statrch-graullte size. 
B3ec;'ause of its ext raordi nar'y proportions,, tile starch settles out of' 
:olution in a fcw minutes, 'reeeimng it Ionmil inpurities In little time and 
with iiiininin1 expense. Tle stircfh is clear arnd. when cooked, is 
glossy and transparent, rather than opaque like that of potato. Corn
starch, or Conimon alrowroot. Tlie' cooked s!arch seemis to be easily 

indeed. some )nulit enil l calina tc stitd Iiildc lil salnlc holanje nallic as Ichira. 
iowever, Iitne blosssinl , il Itie achira are ni.icth siilci it, those itf I,t iloranmenla 

C1111S.1 

' Sirictly speakinig. lhesc aic ctr iher growin lips ic al the stelm end oi'lheollen 
Iindergloliind pails.
' Achira 
28). 

grauiles arc alhonil 125 inicrom ters oig and 60 illloic i elnClSMide Isee page 

4 11-rllllli f~illaicca.l 

27 
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digestible, an important feattirC for infrlts. invalids, the elderiy, and 
people with digestive problems. 

These attributes could make achira one of the most inlrest lg of 
all carbohydrate resources. Its unusual starch is a possible complement 
to other starches now used in foods and intlstrv. and it has the 
potential to be produced illqnt1lity .Al,truliaris have nlechanied the 
planting. cultivation, harvestinlg, and mhilling of the crop. therby 
demonlstrating that achia riced riot be restricted to areas where labor 
costs are low. 

This IdaptatblC plant llo\Vll itld ll ill it -nlulbCr of JacesiS gi'nw 
otside latin America. On the island of St. Kilts in the (Cil'ibbcan. it 
has loni buel used and cci exptd. In Indonei:l. TaiV,'t. the 
Pilippines. aid tAustralia. there ha., been smailli-scale Co.'11mmerCial 
cultiv'ation. Ill ,lira i,comnmon ol banks ofMadagascr. n the rice 
paddies. It is also giov, ii i Sri lanka and inra. ind both BalZlind 
-lalwaii' have produced it itslodde for c'attlc and pigs. I lo\\cver. ira 

lnlole of these widl scattered locations is it bhrm- taken seriously Is 
aln CColonlliic Crop. 

With research. aclira mlay broaden the base of ialricturc. Ilmany 
areas, it possly. could be illcorfPoiated into patches of mnarginal 
(especially dainIp grotMd rno\, little used for c'rop' pro-dction. 

PROSPECTS
 

The Andes. (ivcu current knowledge. achira seems unlikely ever 
to become illajor food of tile regioll. bill e\ell so. tIlere are several 
niches where it wrill rcn;win a contribuitor to local diets and economies. 
It is a particularl good -sal'y rot'" for use \\hen other crops f'ail. 
and it should be Illore widely planted for this pllrpose. 

Future re"Ciarch may translforrii the regioi's u,,e of this plant. It 
seems probable that currnCt yields raiV be tfr stupassCd. The appli
cation of fertilizer, alone, should boost production dtanlatically'. In 
addition, tile triploidlfoms(se later may1produce ialldantl\ ill noW 
little-exploited locations. 

If the unique starch prove, to have widespread Commercial utility. 
an export trade could result, to the benctit of the Andeam ;egiori. 

Other Developing Areas. Achina is unlikely to replace foods 
based oi other stiar:h y rools (tsuchas cassaval or coIlIiorm aIrrowroot) 

I lllI\\aii It oI rcused in nlakirugL h raupia.* a traiIi~rlnI (made oi' 
COCoultl nltk, served parlicllarly at I , 

was,f k dessert 
a'cth. "-1gail. aind .c,1alin 
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kkIhere tI1C,,c dIlv~~ k i LJO.(\\ \~ci'I Io\\ L\ cv.it Ifttilir mlore and 
Illor IC ibIIId Wo~~I d Ji~opi: %kIII Come Io ilcpCind oil ilmii.nal I~I(sto 

IO%% thICr food. I fewC. iIJIM COHIJl pro'\ Ide theC Ifferce~ betweenl 

helLe prun II nl Ii c1id 11i0(iII .ilL!t011 I'tl iii'.t 01. %%hlere 211C 

ilimiidjlItc trOW'. 

Industrialized Regions. 1, 'ceim. tmilikcl thmatichirit \\Ill becomei 
iI ibot I o of CcOM 0HIiW; II I%\i kd' i IIccd CountIIries. I Io'.m everI. it2'.taiICIh 
Illit\ IInlci\C ici ,IcIIltiii;Ii iicln.', for1 this robuist spcie'.,. as %\ellats 

prits-"slIcl .1'. ihb ftood and i'c,,tockIed-. lce tsei' 
L~l2Lt~~ilt\i~~tlflILL LIllliL' '\.illd I'L cc)LolllitaCts. 
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USES 

Although achira is one the few root vegetables that can be eaten 
raw, it is usually eaten cooked like potatoes. arrowroot, cassava, or 
taro. More often it is baked, whereupon it becomes translucent, 
mucilaginous, and swcet. A traditional Andean feast is baked achira, 
roast guinea pig, YaC01. an1d Clluinoa beer.7 

For use its starch, ;tchira t ubers arc peeled, dried, and milled. In 
Colombia (notably in the departments of IIluila and Tolima). the flour 
is used to make salted crackers in hones and in a factory for commercial 
distribution. It is also mixed with cheese (culac'iones). In Vietnam. 
the flOtUr is used to prepare a pastalike food. s 

In addition to the ItuberS, the \.otlng shoots can be eaten as a green 
vegetable. In southern IEictuador, achira leaves a1e used to wrap toods 
for"easy transport and f.or cooking. 

livestock eat both the CrHilC omlCs and the foliage. Pigs relishsied rhi 
the entire plant, readilv niunching lie tops aid rotoiig up the rhizomes. 
Near Sio Paulo, BraZil. lariCrs grow tle crop extensively as a pig 
feed. They prefe r it for its haritFiness. high yields, and capacity to 
renlaill in ti field witlhout decaying long after reaching malrity . 

In IEcuLador, he ic lchira plant. which grows 2 iii tall or more, is 
commonly used as a living fence and as a windbreak to shelter other 
crops. 

NUTRITION 

Fresh tubers contain abhout 75 percent moisture. The dry matter 
contains 75-80 percent starch,') 6-14 percent sugar (mostly glucose 
and sucrose), and 1-3 percent protein. The potassium content is high; 
calcium and phosphorus, low. 

'[he leaves and shoots are quite nutritious, containing at least 10 
percent protein. 0 

AGRONOMY 

One of the most robust of all root crops., edible canna grows well in 
a wide variety of climates, thrives in many soils unsuited to other 
tubers, and has few problems with diseases or pests. 
' Yacon and quinoa arc describcd latr: guile pig is &elit%kithin IIe Colnplnion Vohinic 
Ai rolieAloI' k: l.itlth-Know Small -ith a 'rnmi.int l:( til I/tl111-c.,n ,nimal.% 11 

Tu alld ITcheISCh ncr, 19I. 
The anins'Is contenl of fhe rool staich is abotit 40 percent C!fi and 'lschcuschner, 

1981). 
"'They contain 71 percent carhohydrale. 10(-14 percenl protein. 2.5-5.0) percent fal. 20
25 pcrcent liber, and 12-17 percent ash. Inlornmation from J. I)like. 
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HARVESTING AND HANDLING 

Achira grows rapidly. It can be harvested starting about 6 months 
after planting, a point at which the tubers are most succulent and
tender. Most of the crop, however, is harvested after 8.10 months,
when about a third of the stems arC flowering and the rhizomes have 
swollen to their maxinmm. At this time the milling qualities of the 
rhizomes are highest. Afterwards. there is little or no change in the 
tuber apart from an increase in liher. Since achira shows no definite 
end-of -maturity. the plant can be Ietl in tie ground and harvested 
whenever needed. 

Yields. of cotrse, vary.' with rFinfall, soiI tVpes, and other conditions. 
However, in some places achira outyields the common starchy roots,
such Iat, casa[V;a and cornlmoll ;irro\\,root. The measiilred yields have 
ranged from 23 tons per hectare at 4 montls al'ter planting to 85 tons 
per hectare after a year. Average yields are probably 22-50 tons"' per
hectare. Starch yields are generlly 2-5 toils per hectare and may be 
as high as I0 tons per" hectare. 

Achira is usually harvc,,ted by hand. lHowever. in the 1940s, G.H. 
1Burke of (Quenland. AIrstr ila. developed a mecha nical harvester. 
Its dCpth-controlled hladC Passed utnder the crowns lilting rhizomes 
and soil via a conveyor to a cleaning dtrum. As the urum rotated, the 

stool" of the plant \\as cleaned and tile indiividual rhizomes broken 
ofT. This homemade implcment could harvest abou1t 5 tons per holr. 12 

LIMITATIONS 

Achira is affected by both heat and drought, but i is largely unaffected 
by excessive moisture. light firosts, or snow. 

For industrial use, the flour is traditionally obtained by grating the 
rhizomes tlder waler. if achira is to be milled this wayThus, for 
starch. a pientifinl sulipply of fresh water is needed.
 

Grasshoppers and 
 heelles may feed on tie foliage, and cutworns 
have been known to attack the rhizome. In South America. achira is 
sometimes at tacked by a leaf roller, which also occurs in other parts
of the world. In Peru, fu ngal diseases (especially I'mcinia uc, 
ltIIsariU1, and Rhizohmiia) affect tie crop. 

" Throughout this report, measur, nent given in tons refer to metric tons. 
I-[nformalion from P. Lloyd. 
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RESEARCH NEEDS 

Among the several research needs, the most importanL are a general 
assessment of the crop and its satui.: agronomic research, starch 
characterization, and genetic improvement. 

Assessment One of the first needs is to analyze the crop and its 
uses worldwide. Dlespite its wkidespread use. there has never been a 
global review kit achira. little agrononlic development has been 
reported in the recent international literature, atnd only a score of 
papers have been published oin it in the last two decades. ' Researchers 
should gather the experience,, of'various parts ot tlie Andes. St. Kitts. 
Taiwanl. Indonesia. Australia. ladagascar. Burma. and other areas. 
Theo should also assess the ex perie ices of gro\ving achira as atgarden 
vegctable and an ollnanlentall. Their published rsults could theni be a 
basis f"r future udgnCrt tfthe plait. its trtilitv. aind its prospects. 

Agronomic Research Ibis plalt has been so neglected by scientists 
thait "everyrhini" reiaI IS to done, hf0o1i1 plhysiologyI' be basic to 
nmoderii genetics. For exarple: 

0 Collections of the plarit s variability and all p:e,inthally useful 
gCiilplntsill should b iade. 

" ProdtrctivC clones ,,hould be isolated and tested. 
* Tissue cult ri1e shord be attempLed to explore its potential f'or 

lass-propagating tile plat and for i'enloving any virises that m1ay 
now intect it. 
• The plant's 1)attlhtoh1gy m1LUSt be sltudied. 

Starch Characterization A funidanileital research need is to Further 
evaluate achira starch and its practical industrial rid dietary uses. The 
starch needs to I-ctested in varitus prodlcts for palatability and 
market acceptability. 

Genetic Improvement Although the genetics and breeding oftachira 
ire poorlyvunderslood. tile olnarnienial cannias (notably (' itrnerali, 

and C nM inlica) have ieen intensively tired for hiort icinItullral traits. 
The insights of horticulturist s could now be applied 1toiii these close 
relatives to improve this ltood crop. 

Although tie most productive aId "domesticated" types f'ailto 
produce seed. seed-produci ing achiras are knowni and represent t 
genetic reservoir for btireding purposes. Investigalions into theiii would 
seem warranted. 

:\ II excellent Serie,, of reports \\;ISprodticed in Ila aii in the 1920s. Although they
provide a baseline of scientific information, they \\ere cnpiled prior to the development 
of irany cuirrent inetrrhtds ni evalnaitiig crops arid nrtrtion, 
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Triploid torni s of achira havebeen ilntified. " 3caJse their chro-
Im1osom1es cannot pair up. the plants arc slerile, which is an ad vantag-ein t root crop because the planit vwts no energy pr, lcine seeds. 
Various kinds of plvp\'1loidS shouhtld he develpcd b interspecific
crossin between achirai Mnd closely rehtlt d sp1cie,. Mid their qualities 
ISSCSSC. i" 

SPECIES INFORMATION 

Botanical Name ('awm c'lulei Ker-(Gtwer
 
Family Canncaceac
 
Svnllw vyns Cam.l'1 whirm (illies
 
Commnon Manes" 

(jutr,0,,': aclchir'l 
.Sjneei.sl: achirtI: achacr (\rgentitm and Bolivia): capacho (Vene

tuela) : stw'i . c.hS Jqua. aldti;i R'ohn11hiia): !u1,0 (F+cttado-;: gru;iva(Pue.rto k~lco): tthtillan+(Dominican lRepU hlic ): Ilka.s. rptnyar-ony,, kaska., 
pin lrm "h. /'Costlt l.icin;i1~ ;illa ,0COllt, l+,ltmnllio, catrm;col-,s (W estlta~a 

Indic,) 
iI nll . tu IeIIll hel\'.. J!lbir\. ;alli tlLIl baSi ldaI. 

allndI dti Urilele 

l:l.,'i.sh: achira. edillc cmina. purple arrowroot 
 . .)'ee nsland arro'

loot 
II(1I(Ih: totiles-uoh, tolman I(West lndis. ('onflor (Rulnion)
Bah/a.satdlndoileial: e\iiltl l. l.. onlle lwjeedia. elieetra 

Malay: gainyotn. kenyott . itlbi gereda
",, hTaga/o<lh1lirppilles): /Clllhti 

Dulid: sakhu .hiti
 
I i('ilt(IIUCA: done rie ne"
 

Origin. When and where achira was domesticated is unknown,
but "wihd'" specimitiens are seen throughout the nidelevations of the 
Andes. (Most occur at the editCS of moist tllickts-olten in ditches.) 

+,"+ [1li illild ;lie 
+ 

ipollllJ;l v" lti;dli beca.'lllseU thel Nilich 'o111¢1l1 is, alllos I th'ec
 
(IJ111¢Nh ghel 
than Illollilld. I Ill C' . Ilk)\,%.C\,el. nI lO lll hellOdd.mil.llllll Ihu 1I111,61-111atio'l 

A"dlcim~ 1ll'wl'nil bc inli\lurue1N. 1111;I.
K o1 .ftlod,lilohid. and+.lellaloid. Informatllio.n Ilrilll 

"'"Th Ii',i' "f Commonlll ilillts lliiu liolul this hookl. mllv. inluded wi, ai gc.'nel i l le anld 
aile Ilot il cll Ctli lctLit., i, tintiv'e. hccaii 

li 
, 

ji \Iso. l' the c ntimi ,-ing
as'ciati tillini (a)iecttwthlia .\+ lll;il. anl Spaiin tih n itil ng iltl h+r nming of 

I11mesi, hai t , nt t baik. htic IWnieihv''' T m hr til tallh'll,n ti l• i ti llll,tis, hooik. tihe Pollil;.lllewu llillm il are. ill los t' Cw , Ilha/ill.n 

http:l:l.,'i.sh
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Cooked tubers appear in dry coastal tombs dated at 2500 B.C'., 
indicating both an ancient origin and the fact that the roots were 
esteemed highly enough to be carried all the k:%a1'1'rm the highlands. 

Description. Achira is a perennial nlonocolt ldon \\ith clumps of" 
purple fleshy stems and nuillibranched subierncan rhiomes. The 
large (30 cm x 12 cm leaves are entire \ith a thick midrib. They are 
dark green. tinged with reddish bI'h n or ith ireddish hr l\n veins Oin 
the upper surface and puiple on vthunderside. Achiria gnio s to aboUt 
2.5 il illheight. l)arl ornis are io kio. ii, 

The Icauilifiul. brightl-rCd itorallge Iisc\liil tl(ocr'i occir in long 
Itrilinal clusters landing abo\c the Icavcs. Soic planl, produce 
round. black seCis, bu kliric,s ropagatC th1C plant C\cliisi\el\ by 
vegetaliye me1cans. 
The ihi/ollics ilia\ reach iore thaln 00 ciu in lcli.tlh: a si gle stool 

ha, kciliCd 27 kg. A single rhioinciiIa\ consist of 12 segnclits 
representing live gencratiosl of' gloilh. If' IhthC plant is dcfoliatcd, 
rhi/olnc \kill pill up ilevk shools and lci Cs. 

Horticultural Varieties. In the \ndes,. two qpes ate recognized: 
i'crdc.%. \hich lias off'-Mhiue Iiloilles and hright gleen foliage. and 
,noraldo.,. \thi his llii/oilles co\lc\i \ ilh \iolcl-colored scales. 
There are Iaill kariaitioiis in lolia ce color. steill height. rhi/ione site. 
earliness of, Iloaering. and alioiinl of ,cd pirodiuction. No cullivars 
havC been selec tICd oiisidetC lhe \ iRlcs. 

A collection of, about 30) IceilU\il cloncs is inaintained :11fhe 
Uiniversityv' A iciucho. 

Environmental Requirements 

Daylcnqth. Ile plai is apparently daylength neutial. and it appeal-s 
to gro\ uide1tLr a brOad rallgC of' light Cnvirll0nments." 

Rainlall. The plall \ithstlands rainfalls Ironi 251 to 4.0001 nn. a 
huge raingc. At he lov er levels, ho\\ ever, planil be slunlted andvi\a 

low-vielIding. Achit-a doCs bCsl %kilh lillodCratC. C\Cnly distribulCd 
rainfall, although its irhi/ollinscall survive periods of Cither flooding 
ordroullht. In llaii. annual rainlill of11.1211i is'aid to hC aICqillate. 

Altitude_. Sea level to 2,900 In(at the eqilhator). 

LoW I-eminrpltiaw. Norial grovwth occ iurs at l lperalttirels albovC 

I198l1.i11Illiiaind IC'hihla~hi. 
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9°C, although the plant can tolerate briet' periods of tcmperature" down 
to OC without apparent harm. Light frosts w.ill Shrivel the leave"s and 
concentrate starch ill the tuber. 

I igh kipemrlLrc. In Peru, ach ia Iscult ivateCd in the warm Anduean 
vallcye where temperature" of 210-25 C.are normal. In the lhra/ilian 
plteut cut)llltl'\' lalto, sonic achira ctltarIs iat 30-32VC 
duhring the dhr 1.ve-,H. 

Soil T pe. ctii, Ill Most Ihep ,Sof Soil'.. hciltrding Ilose 
with achidiics roil pfI 4.5 to 8,0. The plant tolerate lcav. soils and. 
reporlcdil v,catthcrod. acidic, tropical latosol as 'I,, ll. I.I Ikemost root 
crops. h cvcr. 10chir droc, Cst in loos, eli-wateCd. %,ell-drained, 
:anld rich Soils. The rIi,onic, form toi. inl collpacted clays. 
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Ahipa
 

The ahipal (l'why'rhiu.'s thipM) is a legIlimlinous plant, ht-ti i like 
its relatives the pea. hen.n. soibeal. and peanut-it is grown ffor its 
undergro lnd parts. Ahipa',s iCShV, tuberilike root s Can wcigh up to 
I kg. Their Mbite interior is -,tucculenl.flairul. crisp like al atpple. 
and Call ble atell im,. 

'lie rToots iit Close relative. the .icabili-, ('. ,'rI',s . le a favorite 
1,o! of( 'entral .\merica ;ii l S ltheatl \sia and arc bcuomitn u lar 
in the L-nitCd Stales., a, ai alad itgrcdih:tll. nicr.asin'11uilliots ofjicarma 
(pronounced hc-ca-llwI) ar'C ilpol)rted frmIll NIlc\Iuo. InlldCdl. it h1a, 
becomic the top selling spe,,ialty \'L'mctablc in the United States. 
Rcccntl$, its ,.kholcsalc price rcldhed $2.50 it kilo. Ill alml/l g ligure 
for a lot l'o . 

A hipl pronottncd a-luh,'-p) hia, rccivCd *lmost no agronolic 
atCtntion. VCt it produces aI root siilr t the iciama's. and coul 
imleCt Witi the slC Cithusiasm1. Indeed. ahip: may hayve evenr greater 
potential than it, better kuovtn cousin. U ilike tle jicala plant. the 
ahipa plant is small. nionclilbilug. last lattrilni.. and litaffecthd hy 
daylCnIgihI.' l1, rapid growlt sometimes dwarflike habit makeNh and low. 
it well suilted for large-scale c.omme1rcial cultivation. Ahipa could 
therefore lbe tile key to a vast new root crop, even for temperate 
regtionis. 

Todty. howe ver. ah ipa is gi ownon l in a few pocketsof thlie Anldean 
iilntains. It iS culltIValCd il Itolivia and LPeru'i in fertile valley floors' 
between I .500i and 3.000 i eleva ion.a in i (IyeSCIoilt de seCCa ( 
of the iui tIlc' ) .it. It was onc ftoiidll in .Ito iy aniid Salta provinces 
in nortlhern Argetilla. titlllio o t. 

Usually spelld -;Iipa." I u\%eve. lor this repotll \ have choswnfle "%ihipa" spelling.
Ihe Pronuncialion of %hich is ior. osbvious toIhe Inglisi-speaking public. 
'Also known aisvain bean or sinkainas (hilippines). this plnill ik described in the 
companion report. )roI i al 1.1 '-.'. It is nll Ihe "Jicalia" of ulador and P'eri, 
which is heller called "yacon" (sc page 115). 
' Samipes from oliia and Pefil have, udtler gissli se condition%in t)ennark, proved 
to le insensaitive t)at hnfthfliinalion from N1.Skiensen. 

Ihformialtion frot Nt. Sirenson. 
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In Contr'ast It) flost otier root crops the plant has tile leguime fhiinily
advantage: rhizohia haL'ctra in its rot nod)dules make nitroenous 
compounds that nourish the platt. This fertilizer undoubtedly helps it 
grow vigorously in impoverislled sites and enriches the soil in which 
it is planted. ()the:' salicrl fCatulCS arc the crop's high yield and 
considerable disease anld pest resistIance. 

PROSPECTS 

Andean Region. As more ahipaiis lIarned :11'0otlt and its potentital
 
across the recion, its use could bccomre Illote int ensivye. Ihwever. its
 
telperaturc and other climnatic constrailltS need to be llderstood
 
b."Ore its true ptential become',s apparent.
 

Other Developing Areas. AhIthotigh the iicaum is a f'avrite food 
in Mexico. ('Cetral :\lllrica. and parts otropical Asia. allipa is little 
known outside th Andc,,. NouetlcleCs,. in Asia, Af'rica. ()cCania. and 
highland parts of 'Cetra; America it could ha\c utnch appeal. 

Industrialized Regions. In the UiiilCtd State (thanks largely it)a 
grwihg lain and (m)riedtlpopulation), jicalla otappals regularly 
in supermlnarket,, coast to coast. All of"it is illported. Ahipa could earn 
siiular pnpulitv, and Might be gro\ ii in the United States itself', ;as
well as itn liro.pc..lrapat, Atstralia. Nov,Zealand. and other nations. 
As atre,,ult. this round. brown rotol \ th the crisp, bright tste could 
be a leV. addition to1millions of lillle tblels, asi' ell as a loW,1-calorie 
flot r tIC ditl-consciuj,s. 

USK.S 

Ahipa tubers are mainly eaten ra". The white" sleshis sweet and 
rereshing and is especially popular in summer. It is often sliced thin 
and eaten raw" ingreen salads and fruit salads. Since it is slow to 
discolor. soften., oi lose its crunch, it is piltict,larlv suited to garnishes 
or hors d'oeu vies. 

Ahipa can tlso iecooked. It is ol'ten Ilighlly steamled or boiled, and 
retains its crtnchv texture even after cookilg. It fies tip mtich like a 
potato. For sit-rriig and -raising bi0elly) it cn he a replacement 

d ,lich 
d(lcoralive adlilion io satlads. 
, In Iolivia is nd a Purple antLianagentaisnipcd Ion. maN he a prlicularly 
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ill flit' I)III M- [ 111IL'It', III),e. Ill [lie pLint kmia:om' edible 
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I'01. ilICI CIIC "Iililt Il I", S LI(I ICk I \ ;Wd \ I I Ilk III I "IIt'[ CII Ing. 
IICII o.'11;11;ILACI I'll Ic 

NUTRITION 

'Ilic [ill[ I-it It111,11 C01111,111 A lihip i I , tj iikm I\\ ii. hill I"pi oh;IhI i, "Milkir 
to tim t It "o. 11Ill IkM Ill 10IIIHIII;I111.1 (Colll linillg
;Ippro\lim lick SO cAoilt", IM O ll) I m 'Illd I" ;I '_'ookl -ource of' 
polav'Jilin Illd \It lllilll ( . IIIC 'dlid! ill JILIH11.1 I',1,0',Ik dI2L lIIhIC. 

The PIOICIII "'OHICIll on 1 (11% Ill;MCI ki'l" I" hiz--kci 111111111;11 of,
other lotil L'lop.,. 1)[11 I'Ic-,h l lim plolcill 10illt-'111 I)CCiiIINC 
their 11101"MIL., Collicill I"("Micillck Illuoh. 

.1JIL-110110I Ill Ill Ill" dW L1Il\,- Ileleill Ill lilt' 11.11hCCII 
I,\ I, 111,11Pl -10 JIL-11"Ill " I lilt' poli'lli), K . 

alld K W uh.il.1 I')S'l I 'I It CII I [Ill Isl I I It I I I I I I I ",'I I)CII 11 'ph. 
of,'/I 111,d,-I'll l I I I I I( mid , lilt I'c'm . Poo,il !I ;11 It I I %It Ih.11111, lot, lit 
/h o I : 11/11 . 't I t.-I1, llifill , Ii\ W . -1 illloh ; I tit, , I 'ItL , _l(I. z I 
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AGRONOMY
 

The plants are easily propagated hy seed and, except for good 
manuring of the soil before planting. requhe little attention. They can 
also be propagated using snaI ttI ers,. which greatly reduces the 
growing time. In some areas . to e nconurage large, sweet roots, the 
flowers al'C plucked. This is said to double tile si/c ofthe tubers. 

Ahipa has a tomnparalively short grm thl period. It begins flowering 
about 2.5 months after plantirg: harvest taikes place after 5-6 months. 

HARVESTING AND HANDLING 

In general. the rots ;re handled, stold. and marketed like potatoes. 
IIot.ever. tihe. can be ,tlred in tile soil-by cutting off the plant 
tops.- untlil nceded. 

LIMITATIONS 

)nlv the root is ,ale to eat. I.eaves, stems, roots, ripe pods, and 
seeds contain insecticide and MayIle toxic to humlllans. 

No yield figures are a\aifahle at present because no studies have 
been Carried out. 

RESEARCH NEEDS 

The coneration of \'a'ieties and landr;ces of ahipa is of the utmost 
inportlancC. lhiCse alnost ccrainly inclide potentially Valuable germ
plasm. and many arc threatened with extinction. For example. the 
llndl'andrces of tIieArgentijniatnl pr\ inllcc,, .ltljtlv and Salta, as well as 

of tile Bolivian YtUllgal,. have alniost disappeared. Ahipa S1houLid be 
collecCd fo'ml11 thle Indian] fields thl'ougho tilhe Andcs, lbelore it is too 
late. The mllaterials collected ,hould be made available to institutes 
thuit deal with crop de\helnntt and multation gelCtic,." Special 

,
B 'y atllllop \klhl .lici . h. l' 111 'Clltio d . I illt+,,lf c,+.'l ilk, r +Itllon,++. 

A b ,.l"c ptiow l i1i It ill l .,io',lni ich,;iid_ ICI (tt e 111 ii , ,C11iltint 
heing c t ti cat t i'ii r y l ofl"4(et ttt.'t. nJli The,lcd l it Ihc t iti,,tu ',. 
Botaiical tn,,jt1ttc ol tlop Itu,11;ti1t,1 Mill t'tlIt Iti,+cciuL . b th t Ihe Royal .\griculllral 
tjvl',.,ct l\, , (opjic l l. n ..A co j,,t .riCtiiC lt.ctloi, l01 ,eCd itli'l tl tl botht wild ndid 
cultic;leited pci,' beetnt ' h llltlt 1 Ctit1d 0.,,r111Chat li,t'n,. thOl)t-h +%i lill1 tnt, tcfl..11li0'. 

I .,il"l i io iii f rinlatell+ lie,. or,'l 1,tll,, ar,ea of+lihe gonul, 1985. h rnittt M . Sorensen++,.. 
lt l tr.in l,.,n i 

(1uplicalte, ()I l l ',Celld cuollecliwis ".htlild he, hol,,..ed 1l110'1 colnllolled tcniperatieil ,ILd 
hltllnldity al illtodern ,Cell' hank.. 

" llecau 
' 

1,-+. l l v ollt~n 
+, 

the. wedt.'. ilmaill,. \11, fddl otlll+ thh e l .'.o f oul. y,,.ar,. 
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attention should be given to differences in protein content; because 
the species is leguminous, it seems likely that types with exceptional 
protein levels in their roots will be f0111d. 

Considerable variation in the size and qiality o tile roots. growth
habit, leaf lorphology, aild ccological preferences have been irecorIded. 
Thereis a need forIOhrliigh stess ili\ olving a wide range of materiils. 

NIe hod+s tlsed Il1 gr'owinrg ahipa tlhroughouri the Arindes should be 
reviewed and concertd resealch p'ograr lS ol-gallized to apply modern 
aooniemic knovledge to boost produtiion. TillIs of spacing, fIrtiliz
ation, pest control, irrigation, arid other culltural rqui'eiilernts are 
needed, with particular alentin to the effect ot intensiv,., management 
on the cllinary qualitv. 
Iligh nlioi.l;t irC Contentitakes ahi pa tibers shlrivlc and IosC corilition 

niore quickly than other root crops. Imriproved lletlods of storage and 
tl'ari.portatori are iccded, iswell as. perhaps. cutlivalS with a tliicker 
Cpid ierini. 

The inodilaion reqLihCirllerIIs should be StudiCd ill dtail,. along with 
identlfication of'tle specific sy'nlbiolic orlgair"riS. 

Ahipa has pronis Ior re ricinrg the day ntIi sensiltiivit x' of ielatCd 
species. IlVbriis bet\\een ahipa andjicarna ('which is very enstll ive to 
dtylength variations) might produce a vailable new riill-illade crop 
lhat expands the rIange of both pareils ;illd whose rool glwlh Iight
be independenit of laittitude arid season. 

The pods deserve IeSeacl'Ch attCntion0 a, \ell. It11 tlhoughlt lhat ,oiile 
v:rieties cotin alllaiimost lo inrscticidc. at lcasi x henlgreeni. There is 
the possibility that thcC Coulld conlilutc a Sorrcc of protcin-rich lfood. 
Ahipa then would irlrltieoursIV provide a1nutiiiOls 1!VCll vegetablee 
and a vailiab'e tuber crop. Researchinight also ideril'\ when insecticide 
develops in tle potds or e'ed. 11harvCstCd bcfo'rC that. all types iight 
be riSed as green vegeCtables. 

SPECIES INFORMATION 

Botanical Name /ach rhirki.v hia (Weddell) Parodi (Also spelled 
/Pach.''rrhiz,.s ahipa.) 
Faiiily L.egunifnosae (]Fabaceae 
SviIon'III I0lihovS aiript Wedd. 
Connon Names 

Quentc/i.. atripa.asipa
 
Ay.nrur: villi, huitoto
 
,S1 aii.vh: ahipa. ajipa, achipa 
 (ISotlhi America): dabal (Ecuador); 

frijol huncho I olivia, Peru). judia batata, poroto batata (Argentina) 

('ermaun: andiue Knollenbone 

http:S1aii.vh
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Origin. Ahipa has never been recorded inl the wild slate. Although 
the present area where this species ISfoud. in cultivatioii is rc;t ricted 
to a limited numnber of Andean valleys, the existence of archeological 
evidence froni geographical are, outMSIde its l)roCti distribulion 
indicates that this crop \va cultivated \ idol\ in the Andes at least 
2.00(0 yeairs ;go. 

Description. This Specics is a nonclinlbing, erect or w;cmi-erect 
herb usualyi no more th,n ;0-60 cni in height. Its trifoliatc. publescent 
leaves have asiIIctrical and entire leialles: thve are wider than they 
are long. 

The inflorc"ceuce i,,on short Stalks (0.1-1.5 ciii) wvith a I'ew pale 
lavender oi while hossonms. Its round lt kidnC\-shapcd seeds ((.8
1.0 cin) arc lormall dull black, but can lbe black-and-v lire or bro\ i 
illCooi and gr\ ill8-Il Cm lonmg poils. 

Each plant has a si i',le swolIcn root. vrhich tapers tov\.ards both 
ends. Tle 1o1, may lbe15 Cl (or more.:) in length, and Istall\ \weigh 
50t)-8t)tt g. Normally clongatd or irregular in shapC. the\ cain atso be 
nearly spherical. [he patle ycllov, or tan skill encloses a white pulp 
that is inter ,voVell vith a soft fiber. 

Horticultural Varieties. None recorded. 

Environmental Requirements 

DdL.jlc.'tu~c . \pf,, ucrtlv 1ttral lo\vCring and root l' mia.. r iie 'o!bot 
tioI.
 

Raii all. Although the plants grow wvell ill locations ranging from] 
sultroMical to t'op1ical and diy to Wet. Folr good yields they require a 
warm climate \With moderate rainfll 

Altitude. Sea level to 3.)ill . 

Low Temperature. Thev aic Sensitive to:,frost. 

High Jeruperture. Uinknown. 

Soil Igpe. .sASit h oilier ioot crops. lie soil should be light and 
Well drained sO a, not to restrict tuber gl'vth oirCICOLIIge fungal rot. 

Related Species. Ahipa has Several relatives that produce edible 
tulers. Its Mexican relative, the jican ia (lac1'r/,i:u. ero.sus). has 
arhely hCenIMentioned. 

Another relative, the "'potato heaut" (1'. mIberosuIs). is native to 
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tropical South America."' Its home is thought to be somewhere in the 
upper basin of the Amazon River. It is similar to ahipa, but the plant
is a large herbaceous vine climbing taller than 10 m. Its large, tuberous 
root is used like ahipa's. At present. this species is restricted to 
isolated areas in the Amazonian regions of Ecuador, Peru, Bolivia,
Paraguay, Brazil, and possibly Venezuela 'nd Colombia. It is grown
by local Indian tribes in shifting cultivation or occasionally is collected 
from the wild. 

Ahipa has undomesticated relatives, such as 1'. pfltafellsis and P. 
.'rriu'ineits. that produce root,;, btt whether they are edible is uncer
tain.'' 

Sone common names are nupe (Venezuela). jacutupd or maccti (Paraguay and 
Brazil), and dabu (Ecuador).
11In greenhouse trials, the wild species have produced yields of similar quattity andtubers of the size and weight of the cultivated species. Information from M. Sorensen. 





Arracacha
 

Arracacha (Arracacia xalorrhiza) is botanically related to carrots 
and celery, and it incorporates qualities of' both. Below ground it 
produces mostly smooth-skinned roots that resemble white carrots. 
Above ground it produces green, sometimes purple-streaked stems 
that are boiled or eaten raw like celery. 

At present, arracacha is known only in South America and a few 
parts of Central America and the Ca-ibbean. However, like its fatmnous 
relatives, it could become I fbmilin'- crop throughout much of' the 
world. 

Arracacha (pronounced ar-a-c al'-a) is rich iii flavors and is one of 
the tastiest foods to bc found anywhere. Native to the Andean 
highlands fiom Venezuela to Bolivia, it is often grown instead ol potato
becausc-although it takes longer to mature than modern potato 
cultivars-it is produced at only half the cost. Nonetheless, it was so 
overlooked in colonial times that it wasn't given a scientific name until 
300 years after the Spanish Conquest. 

Today arracacha is almost as little known scientifically as it was at 
the time of Pizarro. but it is eaten in most Latin American countries 
as far north as Costa Rica. Usually it is grown only in small gardens
for local use. However, the roots are sold in considerable quantities
in the larger cities of Colombia and the rural markets of northern Peru. 
It is also found in Cuba. Haiti, Dominican Republic, and Puerto Rico. 

Recently, arracacha has gained popularity in southern Brazil and 
has become an ,stablished vegetable in the city markets.2 It is grown
in big fields using modern techniques. While characteristic of relatively
high elevations in the Andes, the plant is being produced in Brazil at 

The late David Fair hild. dean of United States plant explorers before World War It,
considered it "'nIach superior to carrots." The great Soviet plant explorer. S.M. 
Bukasov, said, "'There's nothing more tasty in the world than arracac ha." Thousands 
of inhabitants of the Andes, as well ts many visitors, agree. 
- 'The species was introduced into Brazil at the beginning of this century, and in recent 
years its cultivati-)n has become at big industry. More than 10(,(H) hectares are grown
in the states of Sdo Patlo. Para ii, Minas Gerais, and Santa Catarina. It i usitally
known as mandioquinha salsa. Information from A.C.W. Zanin. 
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low elevations with climates like those of many warm-temperate regions 
of the world. Thus, it seems probable that Brazil's experience is 
demonstrating arracacha's ftuture potential for regions such Northas 
America and southern Ettrope. People outside Latin America could 
soon be enjoying these Underexploited roots just as the Incas did 50(0 
years ago. 

PROSPECTS
 

Andean Region. This crop is a good candidate for expanded 
cultivation in its native region. For example. it has been tested in the 
eastern valleys of the Andes, where it was previously unknown, and 
it yielded well there. Given research attention, it is likely to become 
a major product at itntermed i:rte ecvations thruOtghot the 4,000-kn
long Andean region. 

Other Developing Areas. Arracaclia cotld beCome a valuable 
root crop inall tropical highlands. particularlV if improved cultivars 
apd cLltural techniqies are de\'clOpCd . The o0tato hts atraily become 
successful ii Nepal and BIUun1di. Aire!acha (arid dhe other Andean 
tubers) should now b intitrodtjcced-t,,ing rccogni/ed quarantine pro
cedttres-tO the highlands OI"Asia and Africat for experimental trials. 
Cultivation shoUtd be tcstcd in tlie highlands and hill conUnt ry of ELast 
Africa, Central -%trica, India. Southeast Asia. and similar regions. 
Remnants olold introductions may still exist inthe highlands of Central 
America .n1d the WestI I iesocalId a.lgrn0iilist s should investigate. 

As noted, arracacha has received little research attention, bt1, with 
modern technology, is being successfully cultivated inBrazil. Many 
countries of Latin America and elsewher'e SCLi likely to reap direct 
benefit from this experience. 

Industrialized Regions. In North America, Europe, Japan, and 
other temperate regions, arracacha is likely to become commonplace. 
The roots sluld prove highly acceptable to millions oftconsumers. In 
the United States, they are already found in Boston's produce markets 
(shipped from Puerto Rico), and ocaly grown arracacha is available 
in a few markets inthe San Francisco 13ay area. The plant has also 
been introluccd to Australia.' 

Information from R. I. Schulle,. 
Infor itiriin from C. Rick. 
Itisbeing grown at Nimbin, New South Wales. Current cultivars produce little root, 

but are relished for the huge celerylike stem. Information from M. Fanion. 
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dried soup that is popuhir throlghoit 13razil. In ruaNIl Costt Rica the 
roots have become particularly popular in wedding 'easts. 

Parts other than the roots are also used, The young stems, which 
.1re sometimes bhlached. arc usel in salads or its a cooked vegetable. 
Although edible, the central root has it c'.arse textuie and strong flavor, 
and it is usuatllV f'ed to livestock. The foliage is also used as fo)dder. 

NUTRITION 

The roots have a starch Content ratlgi ng f'roi If) to 25 percent. The 
starch grliilles i1C qtuite small, similar il many respects to those of 
caIssava. The start'ch is easily dLgested arid ca;n be Used in foods for 
rJi t is and itlvilids. toat,rots increase in Sweetness.l)t rins lhe 

pr1Sunlilb!lyvIecarile some stilrch hvdrolyi. , to Slgilrs. 
All parts of' the plant have particullarly high calcium content. The 

rols. with their bright yellow flesh. ;ae IindoIhtCdl.' rich sourl'Ces of' 
vitamin A. 

AGRONOMY 

Arriacacha i traditionally propagated with of'set s or shools that are 
'produced on tile Crown of the main Irootstock. Alter removal, the 

base of' each offlset is slashed repeatedly to stiinulate tile shoots to 
f'orln and to etlicourate a iiniforntrii ar n eiigerint of" lateral i'oots. The 
ol'f'sets are left to "'leal' for 2-3 da\- , and arc then plnted. usuIlly in 
holes aloing fkul'r( .\,,s 

Although arracacha may Ie planted throughout the yeair. ill southern 
Brazil it is generally set out in the eart'ly sprin1g. atnd It the Ibeginniirig 
of' the rainy season iii tile Andes, where it is ol'ten interplarited with 
potatoes. 

HARVESTING AND HANDLING 

The tithers are normially harvested 300-400 days from planting. 
Inmatue tubers may lie dug afl'ter 120-240 dtys. At harvest ti me there 
may be as many as I( lateral roots (each about the size of' a Carrot) 
agg'egated a'0]rid tlie central rootstock. 

Although it is possible to popapite with seed. germinalion is normally less tia 5I 
percent. and in sonie ca',, no seCd is produced. Nonetheless. seeds are extremely 
use'utl ior plant hreceding. 
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hon'l pe.' -" . ha ehe.eC.tC Ie phitk xIil.dC ,,iiuch t,,410 tons per
hlctare.. ()lie pllnt [flirt prutdle 2-3 kg o edible Literal rootls. 

LIMITATIONS 

Arriaccha;+ 'ei', to have'C C\ l tlai 'onoiliC liniit+tion,,. Although 
exact pholtoperiod restrictions a.re not kn\n. , pCCili dvleyl1nth
I'qlli IiinlltIl \ ex.plain \hk it i,lnotlo or' id,.lvely grown. Tle ,outs
Ihavc a honger griuivig period than potto. Ili plant iP lot I'iot 
tolcraiit I lrL','"tii. Cannott he dIIed pa t tihe flowering .age: roots 
Ift iI the grunid euomie iroU, ialldtoigh and develop a strIong. 

pleac"nllit lvor. 
Arracacha islpaticulail-Iv prml Io spider mite tand, i,susceptible to 

lierlatodes i IIIsonilrelgiins. Virlse., (a.Id perhaps n)CoplaSills ) have 

hIit'uiiur iu fI'iuiir . IM Vallk. 
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ARRACACHA IN PUERTO RICO*
 

In a small area of Pluerto Rico, Iarmeis havc been glowing arracacha 
(under the name "apio") since at least 1910. toda ,. for many, it is t 
staple IOod. Between larranquitoS and ()rocobis. in the highest parts of' 
the island, at least 300 hectares of atrra:ca hat ilrecurrently groWl. Rotated 
with cabage. taro (dashcen). ",d especially cocoyam itannia). arracacha 
provides an important lf00d a,well as. solne prflit front sales illroadside 
stands and town markels. It is likely that the germplasm of' tis yellow
fleshed variety camc from the l)ominican Republic. wvhere arracacha is 
!also grownV11higher elevation,.at 

The crop ha', always, len locali/Cd. unstudied. and unappreciated by 
most Puerto Ricans. llo\,,. in 1951), agronomist Reinaldo l)el \,alle of 
the Univrsit\ of Puertto Rico introdtuced 12 ctltivars Irolll Colombia. In 
replicated exrperimcnts, in)Bllau-rullitaS, these I. ol'nhbiin arracaichas were 
compared Vilh the local Puerto Rican "criollo" cultix ar. The highest 
yield-21 tons, per heclrc flll the ('othlllill clillival "A"---\as almost 
twice vhaii,considered atgood \iCld f0r the criollo. ()n the othelr hand. 
the criollo inpCitrcd to he more holeranlt of local dise ses and pCst'. The 
introduced phlntut v.cic cpcciall\ affected b\ root rnot catsed by Rhi:+w. 
Ili, '\'hi/lm. and ,optl were also.,11oi, spccic", and ilet.l',. ald soic 

daiageLd b' Fat, ild snais.
 

In a sccold trial. prevenuli.c applications of inscticide and fungicide 
were nade it to- or lue-\.cek intervais throughout tilegrokilg s ason. 
('ultivar A again produced the highest coinmmercial rool yield. 38 tons per 
hectare. v.hile another Colombian culhivar yielded 23 tons per hectare. 
Mnd tlhe criolho yiCled 15 ton, per hectare. l)l Valle suspects that yields 
of' all types could he greatly inlpo,.ed. parlicularly correcting microI','h 
nutrient iubalanuces in local soils (deep clav) and I, giving more attention 
tot lile problem of root rots. 

beell isolated frotn someItIots, hut their ilillporta tlCe has yet to he 
evaluated. 

The root s have a relatively short storage life-similar to that of' 
cassava. Unlike carrots, tile\, can te eaten only aflter cooking. 

RESEARCH NEEDS
 

Arracacha is likely to prove a valuable root crop ill nallly areas of 

the world if atlentiot is given 1t determining its horticutturtal require
ments, improvinrtg cuiltlil\'ars. aId selecting good types. 

Studies of the pathogens infecting the crop should be made, especially 

http:inlpo,.ed
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Although it i, not a big crop in il tto Rico.arracaicha iswell established 
intle up: id al'. M:any firnie rN there depend on it, and the demand-
especially illthe mainland United States-is increasing. lBecalise the 
regi.on\hL'w erTaracachIia grows is s low as 60(0 i)elev aVtion. PuerIto Rico's 
experience indicaites 1 tropicalhat tihe crop could have a big tillire in lially 

and suitropiCal regions.
 

lhloiuiiation om R.I)M1 indVilc N. Colon. 

of' viruses, hel'ore arricacha is iunt'oduced to tiew aicas. Liberal
introductions to new environnent s seem Itiilied. ut in areas where 

Ci'rot s aild celey l'e important crops, inl'ormation on possible disease 
and pcst Itransmission is required bel'ore final decisions on its sil'ety 
can liemade, Tissie ct tili'e propagation seems a likely iietlhod f'or 
eliminating viral diseases. 
Itis necessary 10 e.\ploi'c seed physiology. viable seed produlction, 

and he 'ariibility obtained I'ronl sextial piopagation I'rIlse in potential 
breeding pr'ogt'ams. Wild Vaielties. stcls Ait'aIali (eqIWIOi'lis, 
A. chtta, A. uu", -/l'ha,and A. midina. are l'ound in southern icuador 

iitl Iloll A.A,,.Brunti.Ithiforrln 11 
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and northern Peru. They should be sought and preserved Ior their 
possible use in future breeding programs. 

Analyses of the relative nt 'itional merits of existing varieties should 
-)e carried out. 

SPECIES INFORMATION 

Botanical Name Arra'awia xlhorrhi.aBancroft 
Family Apiaceac (Uibellifcrac) 
Synonyin Arrtcm ia C.'tl('lcti l)C 
Comion Names 

Q'ueclhua: laqachu. rakkacha. huiasanIpill. 
A Yntara: kikach. Icclhti 
SIpani,%it: arracacha. raclacht. alpio criollo (\'enezuela): arrecate 

(Latin AniericaK ratcacna. virraca (l'ru ):'analhoria blanca (Ectador) 
lPortu't'. '."m tioqninlh.-s a,illnandoqtllinhfa. batata I"nroa, batata 

salsa, batata ccnonia 
l'nlit. arraclchl. racacha. v.hitC crll'tO. PC'lvian carrot. Peruvian 

parsnip 
Frellh:."aIracacha. pallinie. polln icdtcr1c edlri 

Origin. AlracacIl has p'roball bccn cultivatCd as long as any
plant in Soutt1 America. Its wild ancCstor is unknowvn, although there 
are r :.ny semidomesticated types that may inclut de arracacha's pro
genitoi. Fhe greatest gcrinplasm variation iss inI:c 1adndadjacent 
a'as of C'o IIblnd PCrt,. 

Description. This percnniul isa stout hrb, somewha0.tt resembling 
celery in Iorm. It is onc ol the largest of* the cultivated umnbellifers, 
an11dt1c crushed StCis and roots have the aronia characteristic of' the 
fImailv. Stems an11d leaves isnally attain a height of abott I Il amid arC 
cnsheatlicd in dark green or IprplC leaves. Flowers arc purple or 
yellow. small. and formed in tiat clusters on stalks I'diating from a 
central stem. Although man ilo\crs are fertile. alrracacha is generally 
harvCsted beforeV Coinlet ing a seed cycle. 

The cylindrical ccit ral root bears mcrouIs lateral roots that are 
5-25 cm long and swollen to 2-6 cm in diameter. Their flesh ranges in 
color from white to yellow or purpic, with a creamy white exterior. 
In sonic types, a cross section of the main root shows attractive rings 
of various colors. 

http:somewha0.tt
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Horticultural Varieties. Selections have been based mainly on the 
color of the root. In the Andes three main types are distinguished: 
blanca (white), aniarila (yellow) and morada (purple). Certain strains 
also differ textu and length of time to natiuri ty. Typesin flavor, 11re. 
with golden roots and orange roots have hen obtained by sexual 
propagation in Bra/,il. A type resist ant to the bacterial disease X.\an
ihonluon . uI"(uca'ucc is also being tested.9 

Andean germplasm collections are held in Merida, Venezuela, and 
Cajamarca. Peru. 

Environmental Requirements 

Daylcngth. It is believed that arracacha needs short days for good 
production of roots, bul tile range of variation among specimens is 
Unknown. 

Rainfall. An di st ribution I toev en of rainfall seems he ilportant: 
ideally. it shounld amoulnt to 1,0O0 mm annually and never be less than 
600 mm annually. 

Altitude'. Arracacha is cultivated at elevations from 3.200 In down 
to 600 In. or perhaps lowver. In Colombia. it is said to groW best at 
altitudes between I.8() ani 2.50) m: in southern Brazil. between 1,000 
and 2.000 in. 

LOLL TcI/pcmtL~e. A teinperatit e range of 14-21C appears to be 
required foir best growth: lower tenperatires delay 1l1at urit\' so much 
that the crop cannot be harvested before winter. As noted. the plant 
tolerates I10 rost. 

High TntpcraturC. ,rracIcth. seems tinable to tolerate extended 
periods above 25TC'. 

Soil Tyjpe. Sandy soils with p1] of 5 or 6 are thoughlt o be most 
suitable: these shouIld be deep and well-drain led. Yields are said to be 
enhanced by fertilizer high in phosphorus and low in nitrogen. 

Infornialion from V.W.I). Casali. 
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Maca
 

Maca (Lepidium mevenii) is a largely unknown crop found at higher 
altitudes than perhaps any other crop in the world-foi example, at 
altitudcs tip to 4.300 il in the northern Peruvian Puna near lake Junin. 
Even most of tie Indians of the Andes barely know this plant, which 
is so restricted in its distribut ion. Yet maca Is enlarged ttuberous roots 
are delicacies with I tan-y ItastC aid an aroma similar to butterscotch. 

The area where maca (pronoit uce.d ,u/t-kah) is grown is anl envi
ronment of intense sunlight, violent winds, and bIone-chilling cold. 
This area is imlong the world's worst ti rnlanhd, especially in its upper 
limits, with vast stretches of barren. rocky terrain. Daily temperature 
Iluctlations arc so greatI that at suiin set temperatures often plhilllet 
from a bal iny I81" to I0(,' bhelw freezing. Fierce Viids 'evaporate 
lore moistiire than does the fierce sunlight, andi cairry away mnorC soil 
than does the rain. 

In this stark. inhospitable region, maca makes agriculture possible.
(ullivated Maca survive" in areas whcre even hitter potatoes cannot 
grOW (see paige, 99), lnd its wild ancestor grows even higher-just 
bClow t IepCrpeiial ice, Ol cOIld, dlCslitc wastes where grazing sheep 
a1ind Ilala is tilie only possible la nd ise. -.nd tile only otIher forIgC 
consists of coarsc, slirse grasses lacking in nitritional quality. 

Maca, a matlike perennial, is so sm11all, flilt, ind inconspicuous t1hat 
even visit ing agronomists sometimes fail to realie.e they are standing 
in a fiarnlr' s field. Its tuberorius roots rese inblc those of its relative tile 
radish, and are yellow, purple, or yellow with purple bands. They are 
rich in sugars, starches, protein, and csseontial minerals-paricularly 
iron and iodine. 

To Andcan Iidians,. mlaca is ivaiLiablC conmrnodi y . Dried, the roots 
can be stored for years. They are otein exchanged with communities 
at lowxer elevations for staples such ias rice, aid they reach markets 
as finr away as L.inia. The s\vcct. spicy, dried root is consideired a 
delicacy. Maca boiled in water is sweeter than cocoa. In Hnlalcayo, 
Peru, maca pudding and maca jam are popular. 

Maca is further valud because it repultedly enhances fertility in 
both hulmans and livestock. Whether this reputation has any validity 
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is uncertain. However, soOl after the Conquest, the Spanish found 
that their livestock were reprodulcing poorly in the highlans, and the 
In'Ji'-ns rccommcndcd macai. The results were sO remarkahle that they 
were noted by surprised Spanish chroniclers. Colonial records of soellc 
201) years ago indlicate thai ribule pav.intsI211i"f rouiehlv 9 tolls of llaca 
were denadtlel fromlllt .1tuiil 11'Ct lonC. 

F\en i' suci meiciIlal efcltcs prove iilvalid, the f'act icnlains that
whelrc !ittlC clc ill nr>O\v."c provides ntritious fthtlat sItois 

well. But lorlall its llalitiCs, lllcai is il t ioublC. Its cullivation is 
lclining. ()iCe p-obalk froit wis to0 Iicu:Itlor to n0orthCrn 
Argetlin. and hnlidr'd ofl h01'llctares of terraces appalrle tl werc 
devoteld to it, ctlltivaliOl: 11o\ it is restrictcd 'o a f'\ tilv scattered 
fields. ad it is fiist dtl\indlintz 1towaLfd agricIultiril oblivion. Indeed, ill 
1982 11acat \is dicClahrCl to he in llge' of 'xtinltioil is at dotIi1CSicatCL 
plalt. I 

()Ile I'eiol f'o tihe decline is that icait 's (seei, comlicte loto glo 
later). Ilov Cvcl., the min ['asiloll is neglect. [his "poor person ."s crop
hts becn Li ell little research or ad mililstritive support (C\el its gro\wth 
c 'vlC. flo, er bi1gth . alld ch'omosomc litiher atre not knowi\it). As at 
'esult, it is bCine displaced by foods imported into tihe regioll. To 
larte'r+ for these l'Ols Iinostl\ ic. o s ldellua.illd somCin lltldiuttlIC. 

gtoOldi. he ioca;tlptplttlitti iIIcisllvk re'l\ Oil i'ngiiil. shccp and 
llaimsts. cll on iiine ltwer llltitudc fields, , cornit, as ,hc cal he 
gro\\ 11. 

Hult i 1rhtlS-iIna ciop \1 ill ,iot be It,. Sc:iClti l and gove1'mincnlts 
are finlly tnilniiig their aitlition to its itiiis. Its seeds--l) +selning 
celltuieics of, clumilalive sclectionls hy flr rcl-s-ire for thle first time 
beingcIollcted. gittVll ttut Itesltedll sllaved.. . ad 

[his attelitiol is iliptrttill t.for imita slo\s potential for heneliting 
areas at \e11c elc\ations bolh inside tld olltsic tihe Aldelan llonc. 
Its ahility to thrive al Illttsally high altituiides iallns that laru areas 
pl'viotiisl\ colnsidcred inhllospitable to agriculture could bli tllld to 
protdutive\' tc. 

PROSPECTS 

Andean Region. More atenition to maca will almost certaiil y 
geineratc bigger markets anl provide llore incole for the high pu ., 
perhap s the most Ccononmically lCpivCd part Of tihe ligion. a thc 
where fc\ olli crops call sillivic. It conld be a Ilitiittiona.il soplllelllcenl 
1t a LIe \wcak in vegeiablc (othrIhan ipo1talOCs adt probahly lacking 
in vitalinsli alld iilleils.eCspCi;lly$ iodlile. Moreover, tile roots store 
I IIrtlrnaliltal i ltoItd li thc 'tl ',:lijon of ( cttciic' IRcm, ttc', I II(;I I. 1982. 
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USES 

The fresh roots, which are considered a treat, are baked or roasted 
in ashes. The dried roots are mainly boiled in milk or water to create 
a savory, fragrant porridge. It also make a popular swee. fragra it, 

fermented drink (.maa chiha ) that is often mixed with hard liquor to 
make (ocield ,ti ca." 

It is the dried loots that are most u,,d. After snm-drying, they
become brown, soflf, a.nd swect, with it mustfkyla\ . It is reported 
that the flavor I'cmai Is strong Io" two vears. andt often Jr ifrmch longer.

No part of the plant is wasted. Even the leavescreportedly arc eaten. 
(The plant is a close relative of cress. le Furopean green whose 
pungent leaves are caten in salads.) Nlaca is also a choice Anidean feed 
for fattening guinca pigs for the table. 

NUTRITION 

Inl soniC iellas o t le PLIII , il aca is imiportatil ill th, diet. It has one 
of' tile highest nutritional values of any\ food crop grown thcre. The 
dried roots are appioximately 13-16 peclCnt protein, ilalrn e'Crich in 
essential alillo acids. Tihe fre'sh roots c0oll1ill Lntiunsulily high ;aun1lltS 
of iron and iodine, tWo ltrients that arc often deficient in the highland 
diet. 

In addition to its nutritious ingl'Cdients. some antintilritioal fctors
alkaloids, tannins. and small qLutitie of 'p;llonins-hav-elIC been re
ported. 

During storagc. tile n.trilional ,uie stays high . SCeen-yc;r-old roots 
still retain a high level of' calories as wcll as 9-1) peccnlt protein., 

AGRONOMY
 

Maca husbandry is difficult, and th c ropping systemi w;ed to grow
it is complex. To obtaiii seed, the strongest plants aire left in the ground 
at harvest time. About a month later, when hard freezes lave killed 
the tops of' tile plants. they are tr'anisplanted (with !ill their secondary 
roots) to special plots ;:. unused sheep corrals or ;niurc piles. There 
they are covered with soil and heavily iwintured. 

Within a few weeks, Iew shoot s appear. Ina month or two. numerous 
flowers rise. and 3-4 nlitnthis latC, sWed is sc. Thc seeds are allowed 

' Informalion florS. King. 
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Maca is usually grown in very small fields, where its yields average 
less than 3 tons per hectare. With use of improved agronomic tech
niques, however, yields equivalent to more than 20 tons per hectare 
have been achieved, even in nonirrigated plots. 4 

LIMIT-TIONS 

As noted, domesticated maca is in danger of extinction. Its cultivation 
and use is little known outside of the Lake Junin area, where only 
scattered plantings remain. 

The current methods of horticulture are complex and labor intensive. 
Maca is considered a crop th 't exhausts the soil, and after it is 

harvested, the plots are left fallow for about 10 years to replenish 
themselves. Becaaise land is plentiful, this is not a problem in the 
P3una. 

The Puna is unustual in that the sunlight is extremely intense, whereas 
the temperatures are extremely low-a strange ctmbinatiou caused by 
its high altit ude and proximity to the equator. Maca may be peculiarly 
adapted to this strange climate. If so, it may be difficult to cultivate 
outside equatorial highlands. 

The dried roots are shriveled and brown and are not visually 
Ittractive. 

RESEARCH NEEDS 

The extent of iaca cultivation in the Lake .huin and Huancayo 
regions should be investigated. Here the crop faces grave genetic 
erosion. Therefore, gcrmnpiasm shlould be collected, broadly dissemi
nated to germplasm banks, and culltivatcd in protected locations. 

The plant's nutritional icquirements should be determined, especially 
emphasizing tests to assess its reputation Il soil depletion. A more 
likely cause is that Puna, soils are poor to begin with, and that little 
fertilizer is used. The problem might also be duc to allelopathy (the 
release ofgrowth-regulating chemicals) because other Lepidium species 
appear to be strongly allelopathic.' 

Other research neods include the following: 

" Characterizing maca's rcprodJcive biology; 
• Refining and simplifying maca's agronony; 

Information 1'rom c. manta'i C. 
Infoirmalion Itroi .. Rice. See. also, Iieber and Ho'eland, 1968. Phylotoxicity of 

plant maleriats on seed gerininalion ol'crownvetch, ('oronillt tariaL. Agronomy Journal 
60:185-188. 
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In referring to maca. the 16th-century chroniclcr Padre Cobo said: "this 
plat is born in the rouglcst and coldest of the sierra where no other 

' planl, culltiva.tcd a ftod grs. 
Indeed. the 1I11: region of' southern Peril. which is maca's native 

habitat, has an intesely cold climate that makes it all but impossible to 
cultivate olher leay plants. The fact that such allarea was mnade habitable 
and ell-su,'Staining is atdemonstration of the Inc,s agricullural skills, as 
well aks f'1the potential to be I'ound ilma1iiCa. 
The Puna is one of the most inhospitable places oil earth. A treeless 

ecological zone between 3.800) and 4.800 i elevation, it is characterized 
by steppes. tlnt|llltivated fields, tLndra, and bairren alpine and subalpine 

"
pl,ins. Its aveiage temperature fluctuates between 5 andt I1' .At any 
hour of the d'.ly, in the afternoons, strong winds blow. Thebut cspccitllv 
most l'eared is the "phutku,'" a wind thlat, according itlocal lore. can lift 
a horseman ofl" his mnot andl throw him to tihe ground. 

In general terms, the landscape is extremely wild and captivating. 
Because of' the luminosily at this high altitude,. the mountain peaks are 
said to .ecll to be right at one's fingertips. There ate 'ew flat areas. and 
those are very small. Most of' the region is undultting terrain, with rough 
slopes and I'reezing rocky areas. There are large stretches. barren of all 
vegetation and soil, with rocks already exposed on tile sttrfiacc. 
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* Identifying the variation o0lorns and collecting superior va~icties; 
* Analyzing the nutritional content aind ant i Litiut ional factors; 
* Investigating the reputed fertility enhancement, probably the 

primary econonic \ctlue of' maca at this stage:" and 
* Testing nlaca outside the Puna to determine how the plant will 

perform under more benign conditions. 

SPECIES INFORMATION 

Botanical Name Lepidium me',cvcnii Walpers
 
Family Cruciferae (nustardl finiily)
 
Cominon Names
 

()Que hua anud Spl,h Iil .'acai.i1wka. maca-maca, maino, ayak
 
chichira. aak willku
 

I:)'Iixlish: llaca. Pe-l'iviall ginseng
 

Origins. Maca is i true Puna plant. It was widely grown during
 
the pre-Colunbian period. Ill .Jliinl there are hundreds of squire
 
kilotllCerS of aMncient terraces that probably were used to ciliivalte it.
 
Although iItdoes not appear to be represented in the ancient Peruvian 
pottery, prinlitivc cultivars have been found in archaeological sites 
dating as far back as 160(0 B.('. 

Description. The phi nl haIs 12-21 eniric land scilloped leaves that 
lie close to the ginund. This 'OsCte iS roughly Cilculakir, nilld is formnCd 
froml le Illelt an fleshy cenlltil axis. As the oultr leaves lie, there is 
i continitllls forniloll 11w Center of theleaves from flie rosette. 

The ol-while, self-flentic llowers arise fi om a central stalk InL aiC 
typical of the lUlstalii .Tidlir1il6''he ovoi seeds iirC about 2 mmn1long. 

The edible part is dcrived fron tile tilberous hypocotyl. that portion 
of tile plant where tle root joins the Sten. These enlarged -roots
resemble ilvertcd pears Iohini size (tip to 8 ci in diameter) and 
shape. They end in thick. strong roots with n1.iu1nerOUS lateral rotles, 
as in a radish. The flesh is pearl' white and has i marbled appearance. 

" Inll alive AllLdC il ctiicjinC. tic p rolt1 o(llt ' ll illinca and lladila Ice lex..t chaplter
is uadiiionaltl judged by a pa ricuir odtl yJCil b I lie c iCi il p-li hlly nz\Vh'll/Vt 
gu iiositllac. plan tn"NI.Milch hoili tiIlh tsirc..hlhi,,. 
('riciferic inciudcs some illc f eilo lo' \%idcly glown vg lahlte clllps: riish. illflrnip,

caallilge, nusitrd. and ape., lor ilmance. aca i fhe only I.'pidhim species whose 
tl(lsa11'e WIai the leacs o' aie usedise' litd, ril oliher species as geen.ii especially

tile coulllllll cress. I.,idium .anil'ltu, \k hich occurs Irtmy i peu ild.l lnlmilli l r tro fil 
and io tie IIlinilayis. illd haslibcen cullivailctl sic anci i nt l es as a greeln vegetable. 
IIf rilarioni froln I). Iema ill. 
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It consists of two fairly well-defined parts: an outer region and a central 
cylinder. The outer section is creanly and rich in sugars: the inner 
section is firmer and particilarly rich in starches. 

Horticultural Varieties. There are four traditionally recognized 
types, all based on the color of the root: cream-yellow, yellow handed 
with a purple waist, purple, and black. The yellow ones arc generally 
the most popular. Small collections have been m.ade." IlPeru, INIAA 
(Huancayo) and Universidad San U'ri,;Iobal of I ltiamanga (Avacucho)
are each caring for a1fcw accessions (f)tr varieties ale maintained at 

Ayacucho). 

Environmental Requirements 

Daylength. Unknown 

Rainfall. In the area near .1tinin. rainfall is seasonal, averaging 
720 mmin annually. 

Allitudc. 3,500-4.5010 in, \\ith most cuiltivation betmcci 3.900 and 
4,100 i. 

Low T1p71[)rtU. FrOSts a.elc trlollllthl'tghotli the growing 
season. Resistance to night frosts of -1 ' have been reported, although
the plant is normally' mulched to 'rotcct i! from extreme cold (night 
tenperatlres of-2 aie [lot 111m1uo111ion just hel'ore or al'ter tlhe 
harvest ). 

High Ten peramtuc. Unknown, but in the Puniia tempcratit res uisuial ly 
reach I"C{' (occasionallv 22"' or higher). 

Soil Type. The limiits are unknown. Puna soils are often clayey; 
Jtnn is a limestone area. 

" B~Y tile IrFltern'la for (enelic Remmlilces (1131)(;R).Ilinl Boaltr t Protection tol" 





Mashua
 

Mashual (Tropaeolum tu/,erosutm) is probably the Andean region's 
fourth most important root crop-alter potato. oca, and ulluco. It is a 
hardy plant, and in the poorest regions, where pesticides and fertilizers 
are too costly to use, nashuia is sometimes the prevalent root crop. 
Its tubers can he founnill in almost any iral Andean1 market. 

Mashua (pronounced mih-shoo-ah or ,nuh-shwah) is closelyv related 
to te garden nastttrt inin. an Inca ornamental that is now well-known 
tlhroughotlt most telperate /.ones. In fact. these two beautiful plants 
are oftenIfound together iniAndean garden,,. one grown for its edible 
tubers. the other for its prettyv and edible lowcrs. 

Angw Audean tubers. nmasha is one of the highest yielding, easiest 
to grow, and most resisdtnt to cold. It also repels many insects, 
n21111tode s,M.iad otlCie pat hogeluS. htlis making it a valuable plant to 
intercrop \with other species.' Yet. in spite of its productivity, pest 
resistince .a nd popularity. imashu1 is n1ot widely commercialized
either in its native land or elsewhere. 

The tubers-about the size of small potatoes-have shapes ranging 
from conical to carrotlike. 'atlen raw, some have a peppery taste
reminiscent of hot radishes. ult when boiled. they lose their sharpness 
and become mild-even sweet. Boiled isina is used to add variety 
to other hoods. It Is popular in souips. In Bolivia a1nd some parts of 
Peru, it is topped with iiolasses and frozen to make a special dessert. 

Like oca, Iac. LIIIuco. anIL bitter potatoes, mash na can provide 
food at high elevations. This frost-tolerant crop is cultivated ilsmall 
plots on hillsides-especially on ancient terraces-in cool aid moist 
upland valleys of Argentina. Colomhia. Ecuador, Peru. and Bolivia. 
Peru, it is reported. growvs 4,000 hectares of inashia each year. 

Within Anidean cormmunities. some families choose to plant inalshtna 

Also %%idcly kno\n itsani iprololtnced oh,,-+oo) and isatrro (e-.%aon-yo). 
Inthe l'etuivilrn highlands. niashua. oca, uirtluco. and native 1potatoes aie often grown

together in al rnuti icrop syvstemn. I:atinlelrbelieve that this is the best and cheapest way 
1t control pests and diseases. 
These rootlcrops are all descrilkd elseowhere intIhiis section of the report. 

67 
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because it is easier and less labor intensive to grow, and because its 
tubers are traditionally reserved For children and women. In the higher,
colder altitudes, mashua functions like cassava in the tropical lok, lands: 
a food that can be stored in the ground, harvested when needed, and 
is almost unaffected by poor management. 

PROSPECTS 

Andean Region. In the Andes, liashua is associatCd with poverty.

It is shunned by the tipper classes bccausc of its Indian origin and
 
because it is eaten by poor country folk. It is disappearing rapidly and
 
in I f'ew years most people will not rellemllber it.
 

Yet ma1ishla is, I vitdl. althouigh still nlel'r;ed, pirt of the AndCiean
 
algricultural cycle. So little is known abuttl 
 't that its potential is almost
 
certainly unrcalized at present. It is t productive and robst plant.

and its tihel'S MV visually appcaling. It could be sClectedl for greater

nutritional quality and palatabilitv. It could also play an important part

in pest control in iterc roppinrig situton s bcaisc Itsulf'crs f'rom almost
 
no pest. is resistant io 
 the Andean weevil that attacks potatoes aLd
 
other root crop,. aid clinibhs over weeds and Smothers them.
 

Although high vicldi ind pillarticuIrly high ill vitUmin C'. nasha
 
is not as palatabl is ot Ier tubes. tld where people 
 hivC acccss to 
rice, noodies, aild Stgir, it tnLs 1o be aibalnltoned m11o1re Iidily 111than 
other traditional crops.
 

Recently, it has been 1on0rid hmashi
thmt in the Antics carries virus 
infections that are probab-ly extremely dcbilillting to the phiats.
Methods have now becn developed to produce virus-frec stocks. These 
healthy phiats grow much more vigirotnSl, iad they represent t way
for rapid lV irnproviig iii shurtr1 throughout the Andean region.' 

Other Developing Areas. Masha will prob aly never be widely 
grown outside the Andes. but it is worth trying in other tropical
highland regions (for exaiiple. the limalayas). Its pest and pathogen
resistancc alone may make it valuable. It is likely to be productive ill 
areas with moderate termperaitures and long growing Onlyseasons. 
virus-frcc geniplasrir should be mitrodticcL. 

Industrdlized Regions. Mashua, along with more common nas
turtiums, Is gl'owr ls I flowering ornamental in Britain and, though 

SInformtion Iroin A.A. Irunt. A r c,,c h reani led by R. IE, td al tie Univcrilv of
San Marcos Iaiolatorie, in ILimai. Peru. is plotducing di,,,cse-t'r plants for growing
hy Andean iarmer. 
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rarely, in the United States. The fact that it grows well so fiar frol its 
Andlean home suggests that, like the other Inca tulber crops, it, too, 
deserves much wider testing and recognition as a food plant. Coastal 
areas at high latitudes could well be ideal for production of'mashua. 
It has already produced good yields in the Pacific Northwest of North 
America and in New Zealand. NonethelsS, daylength sensitivity may 
limit its widespread adoption until ilsensitive strains can be located. 

USES 

The sharp flavor oflmost maslla tubers makes them unsuitable for 
eating ra .'so t hey are usually boiled WithIIllet to form a stew. (An 
ideal Andean stew coltill. Meat. ocI. greens,aishta, potatoes. 
quinoa,. corn. rice. eggs. anld herbs.) They are also eaten as a haked 
or lfried veg;etable and nay be fried with eggs and onions. Near La 
Paz. tihey arc sotkCd inI molas-,es alnd eaten as s\Cets. 

In Newk wh-tle tihe plant hi,bcen introdLced, it setsZealand,. ele\\r 
tubeIs \\elI in open fields dning a normal spring-to-auttuin growing 
Season. ()nc crowelr cooks the tilmbers i1solps aiid stcws, to which 
they add a dclicate. ragrant After boiling for livefrlhtly flavor." 
minutes, thc tulbers appear \hitish \will purplish "pots at the nodes. 
Young tubers need no peeling, but older tulers are always peeled. 

In addition to the tubers, the lellder voung leaves arc eaten as a 
boiled greenI \'CgCt abC. The l1o\\el's are also eatei. ([he blossols of 
the gasrden n',stIttiil arc uSed in r'etaitants all across tile United 
States. for instance.) 

Because hnalu is high yielding and it, tubers arC rich in carlbo
hydrates aS \ell a., other untrieIts, it has been suggested that it could 
be grown its i feed for pigs and calveN. It coIld becoite am especially 
valt,ble and cheap stock teed l"bCautSe of' its high yield tnd tile high 
protein content of its foliage. 

NUTRITION 

Plash na is quite nutritious for atroot crop. Solids comprise about 20 
percent and protein as much as 16 percent of the dry matter.- However, 

The hol hlt"c I, dlic to isollitoc ,-;il, te oils).+ (lllllrtald tie collporllidk, lo rcponmible

I'mt l l o tu,+tc la 11 d, ilIIam, to itlll s cI
tt olth,e, lald ucilerl-s, which ks 1ln1lated. 
Manll llhtlai l ,) m+e WI".'hand, x
hv r
 

"hf'olirialion hloilA. FImdt.
 

Iltne allllysi,. (tr sarinlptcs r 10) g) c0ritaiiCtl: 371 calorics. t t.4 gof ihe t00', Ipe tl 
pirolein. 4.' g ait, 78.6 g lotal carhohydrale. 5.7 g fiber. 5.7 g a'sh.50 Ing calciu it. 300 
mg phliophorus. 8.6 Ing iron. 214 mitt ogramus hela-carotene eqitivalenl, 0.43 Ing driamin. 
0.57 Ing iihollavin..1.3 ig niacin. aid 476 rmg ascorbic acid. tiffrmation fiom .I. Duke. 
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te protein content is highly variable. One variety was found with 
tubers containing 14-16 percent protein (dry weight), 

Mashua traditionally has many folk-medicine uses. Itis considered 
an anti-aphrodisiac and, hence, many Andean men recommend it for 
women while refusing to eat it themselves." Male rals led a tuber diet 
showed no decline in fertility, but did show a 45 percent drop in 1otal 
levels of testostCronC and dihydroteslosterone. 

AGRONOMY
 

Mashua is one of the common terrace crops of' the Andes. Under
 
traditional practices fields arc s1mll .Lndoften on precipitot|; slopes.
 
It is planted much like oca and potatoes. using small tubers.
 

The plant often spriwls over the groulnd, bt1 it has tiny, threadlike 
outgrowtlis thlt \winld iroullnd anlilytling they tou1ch, and this allows it 
to twine up cornstalks or other supports. To improve yields, earth is 
mournldCd arutind the base of the stein as the phlnt grows. 

As noted, mashua is exlremcl v resistant to diseases and insects. It 
contiins nemltocidal. Ibactricidal, a1t1d insecticidal comp1ilounds (glu
cosillolates). 

HARVESTING AND HANDLING 

The tubers are ready for harvest in 6-8 months. They form near the 
st.urilCe a111d are harvested like potatoes. 

Because they have a high moisture content and no waxy surface, 
he tiber, havC a shorter storagC life than other tubers. Nonetheless, 

they can bc successfully stored lor up to 6 months il cool (lor instance. 
2T). well ventilated, and protected Irom strong light. 

Miasha is high vihding. I'Fven under conditions of almost no 
management. harvests are reIorled to be between 20 and 30 tons per 
hectare. Yields approaching 50 tons per hectare arc reported f'rom 
experimental plots ilell" (tLZCo.'- A single plant 1i1v yield tha1nmore 
4 kg of tubers. 

()rigin,lltfro lhi, losI terrorilIlolivia.valle \\%as \%hen isNlew up tileresearch 
stillion in ,\yacicho, Peru. AIempts Io ieoctte the mowillccare being planned. Information 
frmln J. Vlattlid R. 

. Inca ellipcors fed their ailie.,onl ai,'chThe Spanish clhronicler ('olo stated ihalt the 
wilh such iuhbrs. "that itheY ',ould forgei their wkives. 
" Johns . 1981. 

agillsi Coa I:'.
It ulbers are ;;lliihiolic id, flhihamo,. h ichi 'oi.and Stalhy*vlococ'cus
Ihu.o. the acliviy paralleled b\ beuyl isoilhiocyanalie ail1(0 licrogramls. The cotupollld 

is also enilatocidil (Johns el at.. 1982). 
Information frolll
II. C'olles. 
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'V V,
 

Mashua tubers. In the high , cold alitLudes of the Andes, nlashlia l'mcions like cassavain the tropical lowlands. It requires little care and can be stored in the ground andharvc sted when the need arises, For this reason. thetefore, mashla appeals to noorpeople ind has been unjustl) %tiglializedas being an undesirable crop. 'o the thousandsof highland people who know it best. however. it is a delicious food. (S. King) 

LIMITATIONS 

Like arracacha, oca. and ulluco, inaslia is apparently heavilyinfected with plant viruses. most of' which are undescrihed.11 One 
receit test identified it as a cartrier of potato leaf roll ,irtus.' 4 

There is a possibility t11 consuling large quantities of mashUM,
combined with low intakes of iodine, could caItse goiter,13 This is 
unlikely in most diets: nonetheless, goiter is a problem in parts of' the 
Andes-fot instance. Iolivia. 

RESEARCH NEEDS 

Further collections or nashita germplasm are needed throtghout thc,
Andes, Relict populations f'rom Argentina and Chile. may provide
getruplasm with more atdt)plabilil\y to lotng daylengths.

Mashua sets seed freely and hybridizes well. Thus, there seems 
be cotlsiderable potenltial f'or breeding 

to 
new and improved types.

NI Ich bsic information otn the platnt's gross horticttlttural require
ments is needed. Investigation of its ecology itl field siltations and 
evaluation of' its intercropping potential colild lead to higher yieldsand. consequetltly, to broader tulilization. 

Informationi front A. 11.lrunt. 
ltiformation fronm J.Marineau. 

'G(IlIcosinolates atre Imetabolized into isolhioeyanates, thioyllates. and thioureas. aclass of chemicals 1tat is goitrogenie. Information I'ron T. Johns, 

http:undescrihed.11
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The insecticidal, nematocidal, bactericidal, pharnlcological. and 
other medicinal effects should be investigaLed. These might prove 
useful in practice. 

Because ityields so prodigiously. mashua may le suited ,or industrial 
production of starch. Neceded are analyses of the kinds of' starch it 
contains and the anounts that might be produced iunder field. regional. 
aind national conditions. 

Selection for varieties with low levels of glucosinolates should be 
attempLd. 

SPECIES INFORMATION 

Botniiical Nanme lnup7ropu'ifll tu o.wim Ruliz & Pav6n 
Family I'opacolaceale Inas1t'ii :,inily 
Commnon Names 

Qu,'hi: i.ihla.i. ai1.*,pinii.apiia-mania. vanaoca (black oca) 
Avnara: sau, issant kkayacha 
lite,: {>,oli!h -rCololihtm)l: pul 

Spanish: maswdlhli(or matjua1milla.i. matja l.maxla).illaslilar. ail, 
aniy ( el1: cubios, naVios, riav ( oltln ia): isai io, isalil, apilla 
(lBolivia): \'S'io I1SOith ,\1mC'rica) 

1nt ,,i:mIiilla. intl
 

Origins. NIahia has been cultvatLd since ancient Ines and its 
tublers show lip in inan1y archeolo.ica! ,ites. The icestial plant is 
uncertain. Wcedy tyvpes are commonii iII moist. wooded. hrushy aeas 
around 3,00f0) in elevalion in Peru and cuador aind IiIny he represen
tatlive o the ances ral Ipc. Mashii.i may have originated ilthe same 
r:gions as the polato. hilt even today it isVirtuallay Unknown outside 
Bolivia, Peru. and Ecuador. 

Description. Miashlla is , peiennial, herbaceous, sseliii'prostrate 
climber occasionally reach iniig above 2 in inheight. Rot h erect and 
prostrate l'oi's are known. It has circular, peltate, 3-to 5-1obed leaves, 
and glabrous. twining stems that attach themselves to othcr plants by 
tactile petioles. 
The long-stalked, solitary. axial. biseXal, occasionally'doulc flow

ers (ifavoredby birds an1d inscctsl) to scarlet incolor. Smaller
are oran c 
than those of tile -ilideill naItirtiilli (ropicohlum 111/us), they are 
borne prof'lsely. 

The fruilt sc hi;ocarp) has 3-4 lohes that contain joined sceds lacking 
endosperm. The lullntn, vialC seCLs sepa'atle itma;.iltlli. 
The uhers vary illcolor fron white to yellow. Occasionally,, the 
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skin is purplish or red. Often, they are mottled or striped with red or 
purple, especially below the eyes. Theflesh is yellow. 

Studies have shown there is a high correlation between the yield of 
tubers on the one hand and plant height, tuber size. and number of 
tubers on the other. 1' 

Horticultural Varieties. More than 100 varieties davc been rec
ognized: there are probably more. One reported in ('olombia is var. 
pilifera, slender, long. deeply furrowed, and white, sometimes with 
pi'k-purple ends. Another. var. lin'ov'auhtta, in Colombia, Peru, and 
Bolivia. is white, streaked iand spotted with red. Others nay be yellow, 
orange, reddish violet, or dark purple. often stirpled wiJi bright red 
or purple dots lind lines. 

Color variilllts re recogn iIed by a nunber of native descriptive 
naines, aimong their, in Peru c va-iUth iblack). pica-afuit (red), 
yurac-aill (white). sapllt-afitl (vellow). and nmtrut-afitl (spotted) 

Collections ilrel itQuito (INIAP. Santa Catalina), AymIaintained 

acucho, Junin. i-d ItIlac;aVo.
 

Environmental Requirements 

Daylenyth. The plalnt seems to require 12-hour days (or perhaps
less) for ttber ftrmation. althoungh it has successfully developed tubers 
outdoors in Vancouver. Canalll (in ()ctober when daylight was less 
than 12 hours). " ild tundcr glass in southeast England. " 

Rainfall. The crop requnires heavy rainfall: in its native range it 
receives bet weeni 7(10 and 1,601 mm. It seems to thrive in misty and 
cloudy weatfher. 

Allitude. Mashut grows best betwcen 2.41)0 ind 4.300 ilabove sea 
level along the AMcM cordilIc ri. II owvecr. ittillde may not be an 
inportant factor, considering its productivity in C(_lildla. .ngland, and 
New Zealild. 

Low Temperature. It will tolerate light frost and is tinaffecled by 
temperattires as low as 4'C. In many parts of its range, it is regularly 
exposed 1t mild frosts. 

High Temperature. Unknown. Probably above 20C. 

Soil Type. Mashta grows in soils ranging fron pli 5.3 to 7.5. While 
it is tolerant of alkaline conditi .,s, it performs best in fertile, organic 
soils. Good driinlagc helps ini.ibit soil fungi infestations. 

I)clgtdo, 1977. 
7 Ilftrlilion firo:l . Johns.
'Inf'ormation from A.A. lirtmt. 





Mauka
 

It is rare that a new, domesticated food plant is discovered. Yet 
mauka (Mirabilis expansa) is only just now coming to light. In the 
early 1960s, Bolivian scientist Julio Rea first announced to the outside 
world that it was an important food of the Maukallajta Indians in the 
high valleys north of'La Paz, Bolivia. In the 1970s, he found it being
cultivated also in a few areas of' the cold. dry uplands of Ecuador,
where it is called "miso.'" Then, in late 1987, mauka was fould growing
in several locations near Cajamarca, Peru.1 Outside these three remote 
areas-all above 2,7;X),m but separated by hundreds of kilometers
mauka has gone untasted for centuries. 

The neglect of this plant is unfortunate, for mauka (pronounced
mah-oo-kah) provides an abundance of succulent edible stems and 
tubers with an unusually high protein content. It is productive, cold 
tolerant, grow, well at high elevations, and is rehhed by the local 
people who know it and grow it. 

Mauka survives where constant winds and near-constant chill place
heavy physical strain and moisture stress on plants. Other crops, 
including most varieties of potato, cannot withstand these harsh 
conditions. 

Mauka appears to have the right qualities for a widely grown 'ood. 
Its "tubers" grow be the length and diameter ofcan to tperson's
forearm. They are flavorful and have good keeping qualities. However. 
much study in the field and in the laboratory is needed bel'ore its 
potential can be understood. 

PROSPECTS 

Andean Region. On its merits, mauka would seem a candidate 
for introduction all along the Andes, where climates are similar to its 

'This was discovered by J. Serninario C. In 1988 a detailed assessment of mauka 
cLiltivati Jn in the Cajaffarca area was made by S. Franco 1.and J. Rodrfguez C. Many
of the f1tcfs they uncovered are incorporated in this chapter. 
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native habitat. It is possible that it could blend into the agricultural 
and culinary habits of many highland groups, providing them with a 
new food that is nutritious, tasty, and productive. 

Other Developing Areas. Mauka seems worth testing in moun
tainous areas throughout the tropics. However, so little is known about 
this crop that as of now its li'ttirc cannot be predicted. IExploratory 
experimental plots seem just itied at this time, but anything beyond 
token trials should atw'ait flurthcr research in the Andes. 

Industrialized Regions. Mauka :s natlivC to all inpltd region with 
a cool climate. Thus, in principle, it could grow ini North America, 
Europe. .aptn. and ot her temperate zones. Trials are worth attempting, 
but its commercial viability is far froni assutred. YearN of research may 
bc needed before its reitirements for day length. maximumII1 production, 
and daily usne ae unIIIdcrstooL. 

USES 

The cdible parts are the upper part of the root and the lower part
of the stem. These swollen thickened cltips, much ike those of 
cassava, are Isual lV boiled or fried tld served -as',egetables. 

When freshly harvested, the mau ka roots ,rown in Bolivia contain 
an astringent chemical tlmit ci bun the lips and tongue. Exposing 
them to the sill, ho 'ever, replaces the billerness with ia pleasant, 
sLgiry flIVO. 'lraditionMi y. tile sunt-swCCenCd tubes are chopped, 
boiled, and mi xed with honey or brown sugar arid toasted grain . The 
combination makes a hearty meal, and the cooking water makes an 
especially flavorfld drink. 

It is said that the mauka grton iII Ecuador is not astringent. It is 
prepared in two ways: salty or sweet t /,' .mi, or de thic,). For salty 
malka, the tuibers are clealCd, cooked, and peeled. and then eaten 
immediately. To make sweet iliatlka, the s;ems and ioots are hiyer,d
with barley or matika stems iii a hollow ili the grotmid for abt)ut a 
month, by which time the starches have largely hydrol yzcd to stigars.
1Both salty and sWcet fkrlmS ar-e ,',m1 oriIy mixed with syrup or molasses 
and eaten with tomatoes llnd fish (particularly saxuiries or tlnat). 

Like other Alirabili, species in t1iL Anrides, inatka is Used as ci feed, 
mainly for guinea pigs. Animals constume it fresh or dried. (1i1 feeding 
pigs and gu inea pigs, t1e raw t hCrs. laves, arid Steriins are often mixed 
wirh corn arid weedy vegetation.) People also corisrnlie the leaves in 
salads. 



Mala.,. oie (t'ltile c;,t kllol I'oo. colu ri,le koiwtt. ik;I mraitional U,11|hof tile 
NM;aIl, ll(ijta ldii' ie l,1iotlc,,l in Sils Mhele lllll potatoesn lie,,tI;ch-lillCd hiIbei, 

,
;inltl 1lier0 C. iliti Oi L IS I'.11it1l l l . I). 'Ii tI,. 

NUTRITION 

loth the ,,Olllen StemIns andll rook artthe high inc:irbohydrates 187 
percent in at dr-%eiguth his)with 7 percent protcin (an appreciable 
amlountl liii a root) crotil and little fiber. Bas,.d onl ill evaluatio~n of' 
thr-ce Separate ecot'vpes,ltka is richer thaln the other A\cal tub'ers 
illCalcittum. phosphOrJus,.and polassiulm. 

'I lie leaves cotiltabllot 17 lpercent protein. The level ofldhgestilility 
is said to h hiuher than that oI thle other ltolaegcs that Call lce g4\ownl 
inl the upllnd Andles. 

AGRONOMY
 

Nlatika iS gener ally cultivated Isan nn 1.lthotlgh it has the 
'enlarged Stems and roots ofa perennil. 1t isllpagatlCd by porltions 

of steml or. root. aIS well as oftsIl cldeVl lt'inlg fhe scoCn~lbI' (which ve 
growitlg s lsoll). Seed is also somlltilleis used, and Could bleuseult in 

f'recitig the plktlt f'roill 
prsetan, ittllIll'cilitliltii. tile it1roductinofl tI'aiki to ne areas. 
breedinlg progralls. ill ;iny vil'uses that itay be 

The seedl retlalilns \viable ['()• CvCr',l y'rs. 
AS the plant tIlllatms. the bloM-grinti 'othle Stei I11 hptri a111 

tpper rootls thicken into crowded ctiterN a ;tild Just beneath the soil 
surlace. At harvest., the culimp1,s te l)tnlled tind1i the edible p'orlions 
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MAUKA AND THE INCAS
 

PERU 

BDOA 

The map of mauka's present production May tell much about the Inca 
system of subduing conquered peoples. Particularly when any of the 
empire's subjects became restless and portended trouble, the Inca rulers 
forcibly moved p.rt of the group to a distant location and replaced them 
with loyal citizens. They were careful to move the tribe's plants as well, 
and to chose hcations in which they would thrive. Mauka's present-day 
occurrence in three scattered locations perhaps results from the forced 
migration of people and plants from the Cajanmarca region (known for its 
unrest in Inca times) tc locations in today's Ecuador and Bolivia. 

W.H. Prescott beautifully described the ingenuity of the Incas' peace
keeping policy in his classic 1844 account. The Conquest olfPeru. 

When (Iny Iportion 4f the recent conquests show'ed a pertinatciots 
spirit of' disaflection, it was nol icrninoiio to c'se parI of the 
population, amolanting, it might be, to ten thou.saild inhabitants or 
more, to rim,ve toIa distant qutarlerii the kingdvim, occupied by 
arncieit vassils o undotbted fidelity vto te crowt. A like iinmber of 
these last was transplanted to tI( territvr3 hi' vacanit by the 
emigrants. B"' this exchange I/it poplation Was comp)osed f two 
dislinel races, it-Io regarded each otiler with (c/n 've of jealousy', that 
served ais (it tf''tic l chec'k on aiv inutinotlls procceding. IM lic', 

i/ic' influence of the lell-vfjected prevailed, supported (is the were 
by rovalauthorityand by the silent working ofithe nationalinstiitilons, 
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to which the strange races became gradually accustomed. A spirit 
of loyalty sp'ang tip by degrees in their bosoms, and be~fire a 
generation had pas.tel awaiiy the di.ifterent tribes mingled in harmony 
together as members of the saimte Comnmulnit. 

inJjollowing out this singular arrangementithe Incas showed as 
mnuch regard Or itecomJort and convenience of the colonist as was 
compatible withithe execol'ion ojtheir design. Iicy were care*/it! 'hat 
the mitirnacs, as these emigrants were sty'ed, shoultd be remov'ed to 
climates most congenial with their own. The inhabitantt.%of the cold 
countries were not transplanted to tlt,warm, nor thie inhabitants o!f 
the warm countries to the cold. Even their habitual occupations were 
consuclt'd, and the.fisherman was settled in the meighborhood of the 
ocean or the great lakes, while linds Iere assigned to the 
hulsballdmatl(l' ere best adtapted to the culture with which he wits 
most.l,.ttiliar. Amid, it.mirttion bY maccty, perhaps by most, would 
e' regardeld as t calamnitv. the governmemnt was carceil to show 

particular marks of.fiavor to tlit mitimaes, cin, by various privileges 
citid immuniti's, to amen'liorat' their conlition, and thlus to reconcile 
them, ii possibl', to their lot. 

broken off. In traditional cultiv, ion in the cold. harsh uplands. the 
plant may take up to a year to reach harvest size. The longer it is left 
in the ground, the greater the yield: after 2 years., it may produce more 
than 50 ton, per hectare. However, a normal yield seems to be about 
20 tons per hectare. 

Commonly, mauka is interplanted with crops such as corn. Although 
sometimes planted in normal furrows, it is more often planted in 
shallow pits because the seedlings are somewhat delicate.2 

LIMITATIONS 

So little is known aboutt mnauka that it has only recently been 
collected, grown in observation plots, and studied by agronomists. 
PracticallY nothing is understood of' its potentials or vulnerabilities. 
For example, it may have restrictive environmental requirenients or 
be susceptib~e to particular pests and diseases. In the Caijamarca area, 
however, the iauka plots are rcmarkably free of' pests and diseases. 
(The major pest seems to be the larva of a fly or butterfly that penetrates 
the subterranean parts, causing the l'oliage to wither.) 

:(rowing crops in pits is common in traditional Andean agriculture-pits provide 
protection fron winds and from chill collectcreepi igclose to the ground, and they hetlp
and retain water. 
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It is uncertain that the taste of the stems or tubers will prove widely 
appealing. The astringent effects ol'some types may hinder acceptance, 
but the selection of'sweet types should eliminate this possibility. 

RESEARCH NEEDS 

Nearly everything remains to be (lone bel'ore this rustic crop's full 
potential can be characterized. 1Botanical investigations of the most 
basic kinds are needed. Because its cultivation is small scale, restricted 
to only a few areas, and declining, imuch genetic diversitv has probably 
ali'ead v been lost. (ol lect ions shouIld be made to prcserve the plant's 
variahility. Seed should be conserved inLgermlahsm banks. Variation 
allong ecotyvpes shoid le sought and assessd: theN is a particuhlr 
need to find, mtltiply, andldistrutle elite genot. pes. 

/\iong agronomic eatures to be stldiedl ae ael requilelents, 
daylength sensitivitv, and cold toleriance. It i,, utncerta.|in at present if 
tub-erization is dIependent On da lentlh, telmpcrattre', moistlre. sole 
other factor, or a collllinatio of" these. 

Complete studies of, the nutritional qaiahties ol all parts of the plant 
should be mIade. Amino acid analyse. are parilicuirly lacking. Also, 
the astringency should be studied. Wha causes it.' Where is it found 
geographically? In '%hat parts of the sterns and tu' e s it )CcLr.' 
How can it he eliminated.' Also needed is llore evaluation of the 
forage qualities ol the foliage. 

SPECIES INFORMATION 
Botanical Name .lirhilis ex p/ima Rtiz & Pav6n 
'amily Nyctaginaceae (l'oti o'c+ck fiumily) 

CoiinloI Names 
A.vIUnlra: lllauika 
ijichincht (Ectuiador): Inliso 
('Coopa.i I(Ctladort): tazo 
Sp/ih: man ka, chagos, arricor, yuca lica. ,hallca yuca, yuca de 

IaJalca, pega pega , Cnshpe, adra tie toro, camotillo 
hI-,'lihix: mauka 

Origin. Although it didn't appear in the ethlobotanical literature 
until 1965. mauka is probably ,!n ancient crop. Its wild ancestors are 
l'ound in Peru, Bolivia. I-cuador. and Coombia. 

Inforna tionfom .. Rea. .. ho rcccinll hui'td pst ilyv ihldlelatises glowing in li'unj;i,
('tontbia. M;auka piesenIs ill c .ell'ell opprlnlity 1,01r Itudy h' al[1hlopoogiss.
cithoolanists. mI othIr, intcrested ill the origins of cltivamte'mi plais. 
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Description. Maukzi is a low, compact plant, not exceeding I rn 
in height. The aerial part is a mass of' foliage formcd from the basal 
shoots. The stems are cylindrical, with opposite, ovoid leaves with 
reddish edges. Bolivian types seem to have uniformily ptrple flowers, 
hut in EcIuMdor they range towards white. The infllorescences are 
terminal racemes covered with visciu hairs, to which small insects 
f'requently becoic situck. 

The thickened steis below ground ar white, salimon colored. or
 
yellow. They are cornnmonly snmooth and llcshy. abotit 5 cn in diameter 

nd 51 cminin length. The growth takes placc On the outletr surfiaces. 
and the StrctLt ilt' bcmes tegttilar Ioward the c iearllof the stremit more 
colored center, which i,1hih in mloisturC. full of Star'h 1rain. lnd 
contains little lihcr. The 1"O1ni prelcrrcd in ('ajaiarca hits yciiow skin 
with creal-Colored tCSh. The cO.OIr 11ay depend onl aCe'..younlg tubers 
being yellow and older ones heing white. 

Horticultural Varieties. There arC no lfinCd varietiCes, bu11t there 
,ire different genotypes. In 1Poliva, -as noted, nanka has purple flowers 
and astringent tubers. In .cum loi. a full gradienl of flower color from 
purple to \ 'ite may exist, and not all tubers are bitter. 

Environmental Requirements 

Daylngti. Unknowvn. 

Rainfall. NI tka seens to survive in wet. cold areas as well as in 
seasonably arid regions. The limsit, of its moistiire tolerance are 
inknown. I lowcver, in (tlatiarca it thrives at 600-1,000 mm per year. 

Allitudce. Reported from 2.'20)1 inl within the centralto perhaps 3. )500 
Alldes. Ilowcvcr, it has not vet been tested at other elevations. 

Low T1lcnpr ture. Unknown. altholigh I. plant may not be frost 
tolerant. 

High Tel peatnu. Lnknown. The plant is prohahly scnsitive to 
heat. 

Soil. No tnexpectedly. maukta seems to yield bcst in loose, alluvial 
soils. The limits of its soil tolerances arc tiiknown. 





Oca
 

In the Andean highlands, only the potato is a more important root 
crop than oca (Oxalis tltberosa). But whereas the potato has spread 
to become the world's fourth largest crop, oca (pronounced oh-kah)
is little known outside its ancestral home. This is unfortunate because 
oca tubers have great consuner appeal: brilliant colors and a pleasant
flavor that many people find I welcome change f'rom the potato. 

Oca tubers look like sIt by. wrinkled carrots. They have firm. white 
flesh and shiny skins in colors f'rom white to rOd. Most varieties have 
a slightly acid taste-Ithey havecbccn called ''potatoes that don't need 
sour cream.'- Others, however, give no perception of acidity. Indeed, 
some are so sweet that they arc sometimes sold as fruits. 

An attractive, bushly plant with cloverlikc leaves, oca is easy to 
propagate, grows luxuriantly, requires little care, and is exceptionally
tolerant of' harsh climates-utnder which its yield can be twice that of 
the potato. Moreover. it prospers in poor soils and at altitudes too 
high for most food plants. From Venezucla to Argentina, oca is still a 
staple fo: Indians living at altittides between about 3,000 and 4,000 Ill. 
For them, oca tubers are principally sources of' carbohydrate, calcium, 
and iron. 

Although scarcely known outside the Andes, oca has f'ound a home 
in Mexico, where it has probably been grown for more than 200 years. I 
And in the last 2) years it has become popular in New Zealand, where 
the tubers--sold Under the misleading namne "'New Zealand yam-
are now commercially cultivated. This provides an important glimpse
of oca's potential fUture becuilse the climate, latitude, altitude, and 
daylength regimes of' New Zealand are similar to those of some farlming
regions of' North America, Asia, and Europe. Thus, like the polato
before it, oca could become a vegetable l'or temperate zones. 

Wherever it is Cultivated, this crop is likely to be readily accepted.
It lends itself' to many culinary traditions because it can be prepared 

I Indeed. Mexico's big, brighi-red tubers look belier than most specimens found in oca's 
South American home. In the central highlands, where it is mainly grown, Mexicans 
call it 'papa roba'' red potaio. 

83 
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in numerous way.:: boiled, baked, fried, mixed flrsh with salads, or 
pickled in vinegar. New Zealanlcrs now serve it with their national 
dish, roast lamb. 

Although at present barely known heyond the Andes. Mexico, and 
New Zcaladll, it Seems likely, driling the COrnfin decadCles, that oca 
will beconic a vegeltahle familiar to millions of ne\ Consletlrs. F'irst. 
though, tile crop CCls imiprov- mcnt. The plant iII the Andes lrc 
infected with viruSeS that dCpre's, yieldS and could infect other crops 
Slch it potatoes. lortunatel\v . Simple ways to rcnve viruses are 
availahle, and now%, helore tihe plant begins to Spread. is the time to 
apply them. 

l)aylength iCqtlirecntlit Illa'as\l%tip tile crop's ac'eptance in icw
 
areas. Most Audcall oca v;trictiCeS hlve specitic phhr opC od responses
 
that limit their culture to equatorial latitudes. II'giowl elsewherc, they
 
form no tt ers. li 'totc oca' potetiaIl ca I bC achiCed \o'ldwidC,
 
varieties that are cither tla\ length neutral or adalpted to long days nilltst 

-be located. '[he plants, of" Ne. Zealand. the southem end ftlhe
 
Andes, and perhap, Mexico scem likely soLrces for these.
 

PROSPECTS
 

Andean Region. I)espite the fact thal oct is an important flod 
and cash ctop ill1plaid Andeii alcas. it Sulle'r unwarantcd cultttral 
Scori bcauttsC it iS considcred a -ptoot-pe rson"- plantl I-dtcation 
could trid oca of, its 'ert v fod" stigma,. and. given a chatige in 
attitlLde and hetter marketing, the plant is likely to becol it iaijor 
food. notijust ver\yole ill Forwtthighland lIldianls but ltl the regioll. 
sotme countrics, it also1,Might C\'Cntall\ hecolita vdluable c.,qport. 

()e.a alrealy yields well, but research iti 13itaitn indicates that elite 
viruts-f'ee stocks give much greater \iclds. The tlse of these in tile 
Andes could ICref'ore rg econon belCfits tohlri tapid ic I ighland
 
armerlllS. who ate a i
lltlong tile Most deStit the wcslern hemisphere. 

Other Developing Areas. O)ca seetus particularly promising for 
the highlands of' Central America. Asia. anld Africa.' It is also likely 
to hecollic a \;aled ctop illotletr cooler areas of tle Third Wot'ld, 

21he ti olao Ill tbhihid ,ililai li illion, ;llll;il lor F'llnt htecaillie ai ina Crop ill opeand North Aieirica utllI,allm type,, thai ,o iiit i i dhring tong tIa~pc\',l',,cloteIted 

(see net chIpic).

,('UUTently, te,,are ire in Nepal: scientists testing
t ,,is cnd ctitg Icts, Ihtish ae 
Var lies tolintioditclion Io Itie Li fiopian higihinds. In mliiati I'tminS. King and 
A.A. 1trunt. 
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The plilmr\ III plIIokthi pcIIt~III poovUi\ III 1ti;1iceiI hi0WIMid ~ILISCCI ls 
it IS ~ I)ict 1iccpibim Iiko hck; SC It"~"Oh 111foIt. Stk11h1 IijIcaC 

Industrialized Regions. ( o cn Nc~t /caIland\, cypcricu. ()ci
sCCml1, poISCd It) I)CCOHuc d crnmmmIICmCI;1i Crop III \\mm-cncariIcda 

kmmxn. \\ldCI\ CIIt\C(. and mtitmId cropI. 

USES 

)ca Call he InSC( '1n nIII;nI%k;m'\S. III (lie Al\ndc . a t'C\% type., arc catln 
raw.~ Moi.mm't Imke\e, arc ;mddkcd Io Ntc\\ ;and Soup": ,ICII11Cd. bOICled. 
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()ca tLbcr conic in liliUv colo, MR si/test but Ihey are allcylindrical and have 
distinctive %vrinkle,. fS. King) 

oi baked like potatoes: or served as a sweet, either plain or candied. 
In Mexico, oca is commonly sr,'iikled with salt, lemon, and hot pepper, 
and eaten raw. It is also m1lade into bottled pre, .yes (often in vinegar). 

In the Andes, the tubers are often placed in the sun for a few days, 
during which they become sweet, and the amunt of'glucose can nearly 
double. Bitter varielies are almost always CotVerted into dry produthCs 
(cavi or (UV.VU). diring which the bitterness Lisappears to leave bland
tasting p'oducts thal can be stored without refrigeration. The freeze
drying chm-io process-which involves soaking the tubers in water, 
exposing them repeatedly to freezing night temperatures, and squeezing 
the water out by stamping on them-also removes the bitterness. 

Because of t heir highldI'V-1it ter content (normally about 20 percent, 
but sometiimes as high as 30 pClcent ). the Itlbers may have potential 
for producing starch or alcohol. Thei rs is a quality starch with promise 
for tle fooLd ilLdistrv. 

()ca plants can also be used as stock feed. livcstock-notably 
pigs--reliSh hoth tIIhubers anLI foliage. 

4 Infurniaiton from N.W. (uilwc\. 
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NUTRITION 

Oca tubers show high variability in nutrition levels. However. by 
and large they have a ntttri as good a s or better than thatitional \lue 
of potatoes. Oil avcragc. they ccntain 70-80 percent mloisttrC. 1t--22 
percent carboh\ drat-. and abolt I perre nt eachI of flIt, fiber, arid ash. 
Proteirn levels 'ill\ ;.mne differentt yvpes: certainl high- proteinwLeatl 
tubers Conlt,tin 11101-C thn 9 percent o a b lhisdrv-weight ials. is 
excellent for a root crop, and the protein Ps of high quality. with a 
good haallce of cs,.Cntial iamino :id(\ \lhinre alld tr\ ptophari are the 
lirmiting onc.), [he carbohydratc 1s (isuiall+rich illsugalr aiad is easy 
to diget 

The sour or "bitter'" tubCl's COtitirn amountllls, of oxalic a:id v\ar\'irng 
up to 500 ppll. Sonic , f othCr hnd, have only anillecttile 

Produce auction. Auckland. In New Zealand,oca has become popular,.and itsproduction 
and marketing ire .welladsanced. 1(G Samuel,) 
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insignificant trace (79 ppm)-nerely one-twentieth that found in stand
ard potatoes. 

AGRONOMY 

()ca is usually Propa ated by planting whole tubers: however. acrial 
stems aim somtill CmploC l. Apparcnt I. it is lCVr propagated by 
seed. 

like poitatoe s. tlt' C.i bl In hers rm11 on teastlite rra iaol ltgrotvhs 
of tile steI. callCd ol111S. F"rIf'll Mound dirl oer ilie base of tihe 
plants to 'age lorimation, . nliclh starls '.ll about .encoulC ,tolon 
lonths alter pla'nthig and puks at about 6 lniolths. As filre stolons 

appearl higher ull the s en. more dirt i, heaped ov'2_r thum." [he tulers 
normally take anhothr 2-3 mlonths to 11tlnic. :it'er which the above
ground part of the p'lant ,istiall, lie-, lback. Mexican type,, appaently 
Mature m rapidlv-6 ,toni title of' 1tlirig to tille of,ore mouth 
harvest. 

Photoperiod and et upe-atiure both influence tht, rtie of, p'lnt gr'owth
and tuber tormnationl. .,\lthotigh iultty type, colleced frlo llnril and 
lEcuador ar._ dayliugt Ii setnsitive. tie one, ii Nv,. Zealand (i1rost likely 
Oiigillatilii troin southern ('hile in the I86(s) are ,ipparcnlly umrc
stricted by daylcnugth. lhe are grov " comercially. for eailiplh,. at 
FCilding (latitude 40.13 S) and l(ver':,,gila 46.24 S),'(atitude 

()a tIber are har\sted like lotatoc,, btt tihe tetid to be Illl'e 
fragic. and they must be dug and handled careu'ttlly. Yield, aeragce 
about 5 tons per' hctare under trIIl itiJl.l,\tndeal husbandry. (or
niercial yields acragc 7-10Ittons pcr hectare in Ne\\ 'caland ,rd Petiu. 
'I'hise ligmits probal do not indicate tile plaIts true potentiail. 
hovwer''. Reports f'rom. ('tiu/.co indicate th.t. tliidcr C'eritintal Con
ditionls in 'stnall plot,, somC cho ,s yielded -Itt tort cr hectai'e." 

(Wca seems less atl'cted b1 pests and diseases than poiatoes. 
Ilov ever, this is prohabl\ bcuse of the sumall sc'ilC of' its cuTrent 
cultivatitn. l'vCt so, prohlrnet do occur. In file Andes. the :Witicipal 
insect pest is a tther-boring bcctle 'elated to the potato beetle. 

' Itunf lation lon S. King. Spinach, hIy collfp:1arison, canl toll~lill ..(0t) ppm11tl li,'
 
acid.
 
"hiI . ,'\nctides. ftilIn,.'ri 1151, lv (t it at i t. 'lll aftlif p] l ing ar tihe again Pt
 

,1t1iill -I \',,.'Lk , Is C\t h ap;l highc'linp tstilii+h p Lt sicIll. 
atioall fioiti 

Tihere is lj0'01 lcilt101iait) 1)tttccii phatiipcro iitand ie-npeaaiarc Fi em'\nilt. 

1hfltai P).I alord 
pasbCI 

Ill SO111tillS Ilt' ItS t IIl,, tli ,.2, imiai\ rc( t e-+i plant ,, .,nsl ivity to hoh I daiy!c lt'a .lh 
I' ae1C~llC lClS ,hat lcll]iapelatialae 

imapollti nt "ri hntormotijon froum AJ. aatiinet. 

ihLdled. f . thillk ]ti\ night Sollctll- ", Inlole 
thuIn daylcngth l ,,laim Iting tilheri/atiofl . 

" [nt rllit'itjiin 1t0111 II. ('o l,., Iir1'uvo. 
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Nematodes aiso affect the crop. As noted previously, viruses cause 
chronic yield reduction. Also. mycoplasma-like organisms have been 
identified in severely diseased Bolivian samples. 

Although various 1un.i occur Oin oca plants. they seem unimportant 
in the field. After harvest. hwtever, molds can cause 1major losses. 
Although morc perishable than potatoes. o,:a fiiers, if properly 
handled, can be stored at room tle mleratirc with little deterioration 
for several months. l)rv tlber Casilv store over winter, and they will 
sprout prmCpOCIOle\\ehurl teperatures rise in the spring. 

LIMITATIONS 

The major limitations have aln'cady been nintioned. They are viruses. 
daylcngthIrestrictions, awd the presence of oxalates. 

Viruses. Viius rnl'ectous aeic a major constraint and must be 
removed befew tile plant C'Iv be used olltside its current locations. 

Daylength. Foir cultivalon in mnl\ new locations. types that are 
daylcnth neutral or tht come flo n ellquivalcnl ialitude niu1st be 
tised, In this regard, oca, from Mexico and Nc\ Zeidand are Inportant 
source,, of gcrmplsn for notropical hatitudes. Also. tile plant is foulnd 
in ('hile at least as Fll" south as the island of (hiloc, and this, too, is 
a1prom ising 'oliuce of' daylsuigth-illsnsie t \ clones. 

Oxalic acid. Types fOr Ilse in nc \ areas, InlmI be carefully chosen. 
Where as solle have been sho\\ r to ha \'C ilich lower levels of oxalic 
acid cvcn than potlatoCs. Imaul traditional varletic, in the Andes 
,Iccullullatc oxalate. All levels. lio\\c\'er. are tlar helo those of spinach 
and some olhc, widely eaten green vegetables. 

RESEARCH NEEDS 

Oca offers superb research opportunitics for root crop specialists, 
graduate students, tire ('cnlro Internaciona.l de hi Papa (CiI). and 
other agricultural rcsearch l'ucililtcs tirouighout the Andean region and 
lie world. Now iS tlhe tine to scize tile opporttIIlity to devclop a 

thoroungh understaiding o" tlhC crop and to explore its promise. 
'o help oca achieve its poteit ial, researchers should assess types 

githered from throughout tihe Andes, New Zealand. Mexico, and 
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Europe. " t.xisting ccllections need to he maintinaed. and the diversity 
of ol from distinct geographical are as svst CrrliCall, Caltlate d. In 
this. as in mally Andeanl Clops. there is great potenli;! for international 
cooperatbn. 

To aid in the v,ider testing. proc lurcs for "viris ccanin" should 
he phlici/cil.'i and SClCction', of1viru-l'free clones madeitSavde lorM ailable 

dircci use 
 in the Anridcs. Nieico, and New Zealanld. as Wel as fr 
cxpcrimental trials clse\hCrC. Instillule,,. corporatliolls, and ril'1sery
men. both insidc arnd outide the onc-gominog nations,. can 'Wterthis. 

Attention should bc paid itoadvalCCs alrCadN' Miade b Andean 
Iescerchers. Individual plants siotUld he closely C\arlinncd fo'r unilorln
ity. ,io;- th patlen, andn d ,ialCleihbr lurrliies such ;its1C, slhipe. 
sll ilo\ C\ sc'.illd color. 

[herei is uch gnentic dix etitil in tlis crop. Ill\kc\'eie. lo\wering
aind sdarc'l urlullrcomirior. xxhich Ililltihe opportunities for genetic 
irlipiox rlcerit. 'ecliliquCe' 1or eeCL p odrilCkoilal M 1112LdCL. Vitlhoti 
thcm . brccdire x..ill e ')o \ arnd dillicult.
 

Trial "hipilicrt olf\x /C;ularrd oca hir 
 1)(2een tirr1ICL a\ay hy U.S. 
aglicUiltural il)pCctor orll rord HI thet uers "look like 
potaltoe.'" It Cport tradc is to be de\loped, the possihility of 
ilrroduhicinrL dicases to the potato illdsrrv xxill iave to ie rcsolvcd. 
)\aidace;CC arid Snlarla C. c !ot closel\ rClated families. aind o a 

vinrses piobahlN xxill not affec! poltatoc. Resclch is needed to settle 
the qlncs! oll. one. \ ol the (ther. 

SPECIES IINFORMATION 
Bo~iltail Nameit ()\111i. III/wol'.\l Moltlina~ 

Flil(ilx' (xalidaeae lo\alis. or vood solrrel fanily)

Synoll1nin The nla1rme () (I/i I 'nuMn is 
 uised illsome11older literature. 
hint is llto\xalstiglled to arlC l pCciCs. ,: 
Colnlmonl Niies 

(.Q'/iim; ()'qa. okka 
A.ymara#'+: aipilni, Ia;\6
apillat. 

'l~l.li.: OCa, itia ('olonbiai: lUilba. ciulba, ciuval (Veneziela);
 
hukisai, illias (South Aiieia): piapa rnQja
(exico) 

LitI.xI, tloca. sorrel: kao. \11i INex Zealand) 
French: rtl'ifflleeacidc
 

I'IcrimouI: Krtiull-ri-Sarcrrklce
 

m ImI iii tII his'.ICt jiellI'!.i\\wut~n m HnlrnWI iilIiie r a lk Emilpc asl homiiil 
giltull ulnn ellui 'i1i11;ii, t gu' i i lht stirti t IilC ilSpig Icid. Jntil I 
d. iiLC i SO i r i liiIuiC, lpc;iicd i I'mKi prt,(iiic L .',krs.Althoulgh availahle
 
lul,1itui lilii r$i ln 
lc pctoplIte e'lie' lia he tlilhe'ue edilict. 

,
c Cali ticin illHiI1. hlvti le ielell i-pqgillgred \ils-'tee pl'illliiilnglileiisicii 
Irisie)cluliil-e. tiiitiui ih 'sel itunjidIuLute i urgluui inild114.lltie e w oiiryietd 1lt1111:1 
iriteccl r1ockk.Inlm rilu l A. .r i \. iil 


. i' (re/u i 1 k a 
 d pl d ,ith 2n1 14:oci k mi oriclptlid with i2n 64. tintrnaion 
frlnllAT.J Mill(ille'/.
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Origin. Oca may be one of the oldest Andean crops. Tubers have 
been found in early tombs on the coast. hundreds of kilorieters lroni 
its native highland habitat.I Although Wild rehatives eXist thIroIgliout 
much of South America. the ancestral plant is tnknownti. 

Description. Oca is a compact. perennial, tuberotis herb, usually 
20-30 cm high, with cylindrical, succulen1t stens that vary In color 
from yelow and green to a pnrpi ish red. The stems normally rise fron 
the base of the plant. ()ca has an efficient plant "architectnrc*" for 
photosy nt hes is because of its e\treely high leaf area Cdute Ito its 
growth form and le;.f angle. shape. and thickness. 

Under long days, a OVe-girolnd stells: tinderlhe stolons gl'O ab;I 
short days. they penetrate the soil and for-l'm tubCrs. AS days shorten, 
the stolons swell into r'hitomlic tuber's that generally range in length 
from 3--20 cii and arC prodticed ill abundance. As ill the poltto. tiny 
scale leaves border the dceC-set Cves. 

Horticultural Varieties. 'clie Audeai+ Indianus recogn izc a1boult t 
doten cultivars and m1orC than 50 distiuiIishable ty pes. The C'oleccidu 
de ()cas-over 400 accessions-is h1oLsed at (_'IZCo. Peru. There are 
also nMa'.jol collections "t P11to and Itlatncavo. Peru . aid Quito. 
lE'cuador. 

Environmental Requirements 

Daylengh. The conirion Andean types generally require days 
shorter than 12 lionnrs to iniitiate tul-er" formation: in most cases longer 
days promote only foliage devClpment. 

Rainlfall. Ilr tle Aidcs, tle crop is grown where antial rai nifllI is 
570-2,150 rnrn. distribitted evenly thrtghon t the growing season. 

Altitude. ()ca g'o\%s near sea level it New Zealand. but in the 
Andes of eri . lolivi., and l-cMdor, it iS found it -,800-4.000 in 
elevation. 

LOLL TenIpercitute. Although oca iS resistant to low tetiipelt 1ulres 
and thrives in nioderatelv cool cliriates, freezing kills back its foliage. 
However. the plant's tubers have exceptional regenerative capacity. 

'Highfemperpeure. Teinpera.ttires above abott 28 C cause the plant 
to wilt and its leaves to die: resproutirg Cal occUlr, btll tuber prodLuction 
is consequenLly dehaIet. 

Soil Type. ()ca seens indifferent as to soil and is I'epoted to tolerate 
acidities between tabout plI 5.3 and 7.8.11 Not unexpectedly, a light, 
rich soil is best for tlber production. 

ttihcre ale even s,onl. lanali/Mig ,Ltl''.1lt 1n'. ocO IM\ hiv, ildled PotynCsiathat 
heftOre Ithc arrival o I' opcran 'ship,,. 
, Information ftronm .1. Duke. 
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Potatoes 

During the approximately 8,000 years that potatoes have been 
cultivated in the Andes, farmers have selected types to meet their 
particular local needs and preferences, as well as to thrive in the 
myriad microenvironments scattered throughout South America's 4,(XX)
km-long mountainous backbone. This vast and long-standing selection 
process has resulted in thousands of distinct types, and Andean Indians 
sometimes grow up to 200 different kinds of potaloes in a single field. 

Most of these Andean potatees (variots ,Solnumspecies) are quite
unlike what people elsewhere take to be "normal" for a potato. They 
can have skin and flesh thll is oflten brilliantly colored (sometimes
bright yellow or deep purple). Some have eye-catching shapes, often 
being long, thin, and wrinkled. And most have a rich potato flavor and 
a high nutritional quality. 

These "'odd- potatoes deserve much Imore recognition. Many have 
appealing culinary qualities and could till specialty niches in the huge
worldwide potato indu .,try. For example, they can be less watery than 
common potatoes or have nutlile tastes a1nd crisp textures. Moreover, 
most of'these little-known potatoes are adapted to marginal growing
environments and possess considerable resistance to various trouble
some diseases, insects, and nematodes, as well as frost. 

There has never been a better time to irvestigate these lesser-known 
crops. New markets for small or tunusual potatoes are springing up.
In North America, for instance, the f'ood industry is avidly exploiting
miniature vegetables of' all kinds, and demand is increasing for small 
and colorful potatoes in particular.' .2 

In 1986, for e'am ple. the state of Naine sold almost 400.000 kg of potatoes, rangingin size from golf balls to billiaidballs. The wholesale price was about one-third higherthaln for normal-si/cd potatoes. Sold as gourmet delights, these laby Maines''' arepackaged in designer boxes. Sales have climbed each year since th,program began in 
1983. 
-An entreprenetnr in ('alifornia has had rcm:rkable success selling golden and purple
colored polatoes as premiuim specially vegetables from coast Iocoast. Her marketing
is based solely on their color. 
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In addition, it i, important that these potatoes he asseSSed and used 
be-;itse m1ost oflthese specie,, are hecoming rlLmare1 tihe Andes-phased 
otit in a ofiloderl \auieties. %\ ha1 more1-C0vor- whlich tIdirgonC Visti\ 

a.terononllic ,.Ievclopicnt. Indeed. somc are ,o close tW C\Iiiction that
 
it is itall I focus scientific attention on theii bIeorc the\ arc lost.
 

tlto\\ce. it shotld not be itstuincd that all one nccds to do is to
 
gtllcr lh-,c Antdc;l polittoCs ani1d distribule thCel to tile \wod. On
 
the t.colltrla\ . the\ hia\c lit at._ are ro\, it ollv onl
Ihnilts1011 1. Mitn 

highil loi litill ,les i ltId ill\ e lestl'iCtLi to "rch clvilrllillellts.
 

,blc \iIor'totis 

than mod11rdnl C0ollill1lCI;l potltoe,, ,pcill\ gro\ nndei
 
,%lost "ecll to e ,- anld 1t \ iCld tC\\,er and ',allerIICI' tlbCS 

e..heIn 1 
cOmni.rci;l cOnditions..\%lost lt\ C LCep) c\ L", iill rreCulatr slapCs that.1 
lltke the.i latrdc to Ii o,-c,, , ,tild haltldl. in ilk thatn rcgllr;l potatoes. 
Also. 1 !m\ . it' Ilot Illost. l l;ta.c stic d;t\liumllll Iltlirelilits and 

cuImlenil \ icd pomolbk11 ICIIILipLt /oiICe bcC lAlsC file\ ItCd ',hort 
dtavs to indctlC, uibei,'ltiou. 

l).,itc smmnitlaplxmieit eeoiapt; ic ;iind diti\lt ith liiiititioiis. these 
potatos ht',c pottliti luml culllllcjill sllcce's: tile technical coll
s'aillt., [t their ', dci idotliti seeni likcl ito bc mclcoilie thiough 
dilIgocmc. ,tom\ crittuitl IcCdin itl' ti,,,ue-wtil!ie tecChniqucs. ald 
timc iilipimFetcdlit,,s-ilde\il tchiiiiii.s In)\\ .i\ til'ile. lhic\ could
 

,, 
pc hlta , tisl 0i 11 ic\, cl;i I pilltiot ciilti\iIi Iol. 
-1',Cl tiet. I,\ \eld MA\ 11theobe1 iiheieit. tuide.r tile imriginil
 

Cu1ditiOll \\ICIet lie\ I\, i'to\\ . IIliI\ of lhese i,1ti\1 potaloes ate
 
nltt richiiu the ir potllltill IcCatse o1f ,oil inlertilit\ iLCIin',ttleqtr 


i ,llst.r . 11001 uIl ,l llt.i'illeit . soil ii11i tod ". \huii s,. itid th11 P 'O
 
qu itlit\ oI "sc,. " ,d' uil',t i .
 

SPECIES 

Mau\ cf tile little-knok\n potatoe ,, of the Andc, belong to different 
species 'loll the commi11on1polato el',chee.1but olie is its ancestral 
form. This one se.II i re belo\\.id yeiio le dc',Cicd 

Pitiquifia. Widl coIlsieLreCd the Most prililiti\c of the dolncsti
eated potatoes, this species m/o;.domu.O[mwnouull pro'u-,cs tllbers 
that itre lonm: c\lindricail: knoi-\ lred, hlack, or \\ilite and sm1all 

iallio .t.2 mI, ' thiNICIL1i M 10 wttuth i loIl , . Iiii, . il i, t I tihIII m1,iii l Otl 0t1t\0. 
atlldige.llil Vill ~l (",wct im,' C %_ Ihli I l',11C h,'lt C I hal \lc(c CtIlll\all 21 l pu'lht'.hJ t' v 

ihci', kas .I 5o IIcC ott L'o d ',cCd. pttIIIm (1t CI iI CI .11id ,.t0i10 [Ilt'llld ", IIIscci . 

t 1i1i ",t el llii miill ll Iii i thitni , lt.i ;itit l It.'l h 0t 1 !tll'I)ON'S "Ilk I
tilwIloiIIV\ ti' the,. polhtho i CotIllllWditlt'd Ill It t*\lltClIl ' I(-+ C.'ld0H',t~il+_ ICI lM ~01 I C etl 0 

,
Cli111 m ctl alllolhel I-

, 
Inl~tended tl I ieh d 

http:pu'lht'.hJ


II IT ITI"!I.,~I, II IC III L! 1 1 

1i11i klctp C\ I.', Sonic ;Ic \pilillII JI II )C. I IC\ bli[\C it Q00d, 111LIM 

'hIII dipIold (')cc p;icuc (02) 1Ign Inte %\ilh Common~41 p4)iaI)cs11) 11IfilhIvi4 

illlldilon l/ 1L.du ol II v (!. oCl'I cpCCtC -/i l -va)ol Cil iclmn 1,01, 

~I)~tIIItI .~II I Illit II LI IC IIL 'CC tI. 1-tcl lit LN It IkIII 

itrct t 1 liit I m 11C ] ,,~)1llj~ III f IItIl I. '1ild ;m kl-iL i I c lc/II ,cc~i 11t/VA) 

p licc , I n ;ill c L\,II -\ICIII . I hI l C.1"dCC',IIAaIC ILI. TIi 
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Ii.~Ittit 

Ph 'ill" 0iak II d %.1t1C u Ltu 0, /l I [Ire..\J iP -h pttt ilt)Cstiut/l111U 

IIIittct ,tiI~lulc I .2ti-2 tIIt OfillIIJ-amlk litthllt IJliL111C t . Cas1- sittpc 

111;i ;l h 


I hei~;I \Iwli1, I 1t)tlIild lI) tt I[lti \I lous lI 


fllt~l il t pdA I t hestit ll' 01it\ ~ itIIIiCtICMtt'iii l ill I tt 

su11 lll tcphill ii I l it~tt 

tl . ilCI, I 11 tiIusI" I I Ill_iu K Sidc it jcoic i t -uuhthfn . tulo i iti;tt1It I11 I t 

iil 1 i uil 1mc x i\ .)00t1 (lII;Itu th u/ tut0ul. 



Ii0.11olt I )I I I I i 1! 1 I1 , I oIIl i l i. fI" oI 11 iI ;Idi 

III llik .'I klm'I IIlt)\ I 1I i lN IIk' \' Ilk Il III- lk NIkk I (N.M cttl 
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a "lost" crop: from northern Argentina to \'enezuela. as well as on 
mountainsides in Central America and the Mexican cordillera, it is 
perhaps the hest-known potato. However. there is little or comno 
mrlercial cultiation of, it anyw,'here else." 

Of all tile traditional pottoCs o tihe Andes. andigCna ItlStlallv 
prononced an-/i-ic-i inill Ilihi polatoC, prodcCC the largelst tibers. 
Tlh,'\ are rounder. shallo!,cr ced. and more uniform in shape than 
those of the other neglected species. The\ come in a range of pigtnents. 
from \elf.,, to black. The\ arc firn a<n nutritious: protein levels up 
to 12 percent n t d \\cielht basis ah\e I-,eci recorded, which is 
higher+than that of' mlotern comicrcial varietics (allout 8-I0 percent ). 

ike all ptatoes. lic\ are hiih in \ itamin U. 
This overall supcioritr in culinar\ lproeties and n1l1lritional \ahle,,. 

ho\e\er. i offiset y siuiceptiilitO to Latc IQiht..Although yields aie 
often lot\. there are \ aiietics ,ielin., ip to 3i) ions per hectare. 

Of all Andeai potatoes. this species "sliov the grcatest diversity. 
w ith 2.500 distinct native varictiev. It is a ictraphlid. believed to have 
sprang front .o!,11o1 l \l'110'#tatnulo, i lioeligh c1hlotosoine'tlll loiblitg or 
Iby, hytbridi/atiou italtlher speciesu'oCn, iutsalIlk . .y,,0ii/1h . It 
produce, fertile seed. 

Chaucha. \ hnbrid betv ccn the tv, to cultiatcd 'peccics pitiqui ia 
'And aldigena " [1 ,ll't] n e,' 'nI On/otn110?l4w, liu i ' l 1c1 tile 
chuichatt ptlato 1 \ /10) is \\idCel\i.So /1/M, 1 1111 distributed from 
Colllbia to lorl Icsleien Argentina It is an earl\-sproutilig potato 
that needs no rest pei0td.. \s it is a sterile triploid, thc plant produces 
no seed: propalgation is e\c!uisi\el\vegelalve. Ncv gnlovpe', ii 
ploduced Wl\ occin.ial as a irCsult of natural lultation inthe field. 

The huvre. oite of thC mlajor CollI nercial potatoes of the Indian 
populace, is a chaicha potllo. At least in Periu. this species has spread 
fromt the Cetral hilktds toalmost the entire coultlr\ and has much 
potential. Its ubers tend to bc larger than those of' many native 
potatoes. possibly becatls, of hlbrid \ icor. 

Ajanhuiri. This highlv frost-resistatl potato (,Solllml 1(w,nlanhiri) 
is extensikely culltiated ., altitudes of 3.800I-4.100 m in the Andean 
Altiplano of the I.ake liticaca basin. This area is an inhospitable windy 

, " Sp',inilfds illodliced lie aldwee'lll p lklio Io Lilltpc al lciri is curki , 1570, Alihoigh 
no lhlni. l gimttsii in i.:itlic. iit tCe\lei d tioh [lh illce il of tie nltldell potlalo The 
actiil squenc c ti i ;I iIttcf oldchtic aiid collidlile c,oieci Calcfiels hlieve 

,thal Illodefil ptlatiocs tic diect dcsCcilldllll tI .S(4,'Ito111 IIntwim um gillteled in Chile 
in ihe 150itk. lhik i nmit disllutCd I, MtOsi tui'htlrilics. 

Plotein plc.eilliiut.' is a fiicliiltil o tilhet si/c. M ich has io he tikell into acctunt. 
Ih fimmtioin trutiji ,t".S. Niedelitausci. 
it1i[lollnccul ih/tt'i-chil. The \tlord ill s "e 
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plateau located in southern Peru and northwestern Bolivia. Frost 
severely limits agriculture there. restricting the choice of crops to this 
potato and a handful of other plant species. Some eviderce shows that 
ajanhuiri (pronounced a-han-hivec-ri) was crucial to the survival of the 
Aymara Indians who li\e in the arc-,t. still growSubsistence farm...'rs 
it in small plots is an "'insurance'" crop. in case the andigena potato 
crop should fail owving to unpredictable heavy frost. 

The twbers have high contents of dry matter and vitamin C. and 
they, store well. ()nlv one clone, called ',isu" (prlIOnced .,c-soO). 
can be eaten v,ithout preparation. It is Sw,ect. floury, and tasty. Its 
twO Main Valietie arel ,IIl (blue iuSbers,1and jCko (white tubliS). 

'he other clones arc bitter and are made into u]uo (see blow). 
This specie,, mature,, early and \.itllstands temperatures is lowN' as 

--5'C, i well It is Aso resistant to viral diseasesas as hail and drotught. 
and round-cyt nemtode, and is immune to ,vn/hyilhmn, black wait 
as well. Daylength req.luirelnCIs 1a lducC its us'ifulness for high 
latitudes, b-,utit'tltis restriction can be overcon., aja1nhuiri is a potato 
w ith great internttional promise. Although known 1t taxonIomistst and 
plant breeders lfor some 50 ears. it has not yet been Widely utilized 
in potato breeding. 

This species is a diploid. It rarely produces fertile seed, and even 
then only in small amounts. 

Rucki. 'I he ru cki IpronotnCed ru'-kee) is perhaps the most frost 
resistant of all Potaloes. ACttll, the name covers two species 
(S'o/nm xucpc.ul/ii' and S0101,1,1 x cutilohum). w,hich are grown 
ill central to southern Peru and in noithern I0olivia alaltitudes LIp to 
4,200 in. At this rarelfiCd height they are often subljected to heavy 
frosts, even during the grov,ing season. 

Both plants are hybrids b ',een a cultivated and a wild species. 
(Such crosses occuralong the margins of farners' fields. vhich probably 
explains how tiey, arose.) Both conta in genes t'rom Sou'll u' .' 
a tiny wild species folnd atlaltitudes sO high that inl some cases it 
grows along tle edges of permanent snob\\hanks. 

The cultivation of tlese plants long predates tile Inca period, and 
although it continues to the present. farmers generally obtain low 
yields because neither piant has been subjlect to agrononiic improve
ment. The farmers gro\v them as 'security" crops because in the 
altiplano frosts can occtr during 300 days of the year. 

Tubers from Iboth plants are usually bitter, and can be eaten only 
after processing. They are used mainly to produce cU,, a freeze

" Pron unc ed j-sep-.,,.-kee (E'ngtishi or yti-sep-cI+u-kee (Spanki,,h). 
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dried food that is bland, not bitter. This dry, white product can be 
stored almost indefinitely and is widely used in soups and stews. 

Solanum x is a Ijucpczukii seed: Solanuntripid and gives no x 
curti,bui is a pentaploid and produces fertile seed. 

Solanunm hygrothermicuin. This potato 4 is cultivated by In
dians of the warm and humid lowlands of Peru's Amazon basin region. "s 
It is the only potato ttaditionally grown under the climatic regime of 
a warni rainlorest (2,(000-3,000 Imi of' rain a 'cart . It may be of value 
both as a hot-clilniate potato u for breding purposes to impart heat 
tolerance. It has shown resistance, for instance, to bacterial wilt or 
"potato black-leg." Un'ortunately. it is so rare that it is close to 
extinction, and in tact may already be extinct. At present, there are 
no living collections, but the plant probably can still be found in the 
jungles of the Atnazon basin. F-xplorations should be undcrta ken. 

PROSPECTS 

Andean Region. In the Andes. thec exists enormous potential
for the improvement and economic exploitation of" these ValiOLS,
la'VorfIul species. They usually sell for much higher price" than the 

common potato and cotn ile to be xMxidllk (evCen if spisel y grow' . 
They are important as a biffCr againsI the variabilirv and unpredicla
bilitv ol' el vironrnIe ntal some 11c world's 
populatlions, the' increase fnirming options 

condit ions. IFor ofte poorest 
and reduce the risk of 

disastrous crop failure, especially that callsed bx frost. 
Given increased research attelntion. Itsceres probahle that these 

lesser-known potatoes will be greatly in iproved and will find faellers 
eager to grow them. Yields can probably bc inc 'C:1Ycd Ietv, by LISe 
o1 virls-l'ree seed, for instance. Tissuc culture propaiation and the 
use of true (botanical) seed are also promising ncx technologies for 
developing inexpensive. virus-free plants. 

These species arc important also for gctetically changing the major
cultivated potato,c. Their exceptional variability provides a rich source 
of genetic traits Ifr- incorporation into commercial potato cultivars. 
The cold tolerance of soncii species is of extreme importance. Also, 
there are potential nti'itional advantages. 

Inicreased screening of nat ixe xariet ics should be seen as comple

' hlflilt li nti hn 'hisciesI'o! (C. (k)choa. 
:olexanplc, the (U'anlpas and Agurtniai in the central Amazon basin and the 

Machigain ,,ain ,otitieastern 1crl. 
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THE PROMISE OF UNDOMESTICATED POTATOES
 

end luuzidl spec it] II- Butes~t this Is,not to sNutizest that thle 
\ Id spiesic i;ck 1i11lii\ om~et.sit,oif ilitim fiai\i2 muiial genetic 

quililics. A I't lio it' .1uuiillIntli: ITIIIIin,1c tOI the Inost lormidi11h,-

Ijth ,iioiiis l<.\k ( ihs"oii haj foundic W\V&spcies ofi Boilivjian wildl 
jsilttui\ isel\c IC\C Jlie" IiCil ul.ilICIR- P.) HinSCt. AItIi a tilly 
apid- oine (! thle poil~jina illurJl ll ,--cn1-t~i\l,1mg thle surface1nis- er 

brasopenI nhIIlnut. miii-llv rthe This releases-Ii~Imhirs 11i;It C) ca;ves. 
;I "tick) ilci l th1a1clings" "(I lii nx h!:,I thle iphi d' leg,, heci nu p I ed 
it) the icatiInklul it dlie,,. I lie uine \% INidalo cachle Uoiiir~ilo potat(o beetle. 

'saiticuilko \\ild poilatws ale 'i1liilie as" hiid Crops. siit alreadyv Ic
seteetsic ben.iiiiiric toi biced IheIICI \\]l IIIC IDln to give 11he p)otato 

11~u~ii~i\ iii\ II Ichi Iii cli mIsiiti: Is ilisct.C elielice .h:1i1 

IhbephiitiiiiciiliitLi
111 cik ill itplidilihu has bc.ome sluck it) the 

. o/iiiio i/ \jsiliieiil Sftinjcat il llI bt1,111i. iaisclI FA~i 
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nlentary to the ongoing eltrt to breed new varieties. For a sub.istence 
Iarmer. reduction of' risk overrides all oilier 'actors. If t Crop is 
dependahle. he lrohii prefer it to somnelhing that ha,; a high\ ill h 

yield o1Nly in 'good'" \ al's.i
 

Other Developing Areas. In lrcelt decadeS, the comno: p"otlto 
has I-ecome i gho ing ,ucccss iil the high!tld:,of C'eltral Africa and 
tile l linialul\ an icill. The A.cti e\1ciieiic secst that., with 
rN.,earch. certain native .iric-, CallcO'oiC suCCessfull \with tile 
conmlllon potato. Tils. in time, these littc-klll\\n potatoes could also 
be good contribltois to the \ Cle'trc of Africanls and 'Asians. 

There could ',Cell Ie hocalilcd Cel'irnllCnts where CVCn nO, the 
lesser-known species m1a prove sllperior to comlllon potatoes. The 
:'ltl-tolerliinl Solonion hv.\' ,[/I' instance, is native to a 
climate that is almost inimical to olls)t varicties of tie Common ptta1t1). 
Also. some of, the \trilelv cold-tolerant ,pecics liia lind '.t luable 
niches high on A ericalnor Asian 1oi itli'ilidCs hcre 1e, other crops 
c1n survive. E-pallded rcsealch to evallutC stLch ros, ibiliti, s could 
open nc \',itas. 

AS noted ,oic of tihe species arc \awaiiwalc muces of germplasm1 
for cilhitil,-, tile comillmon potailo's Culinar, Clualit\. iprdutLClivity ', and 
resistIaCC 1t NtI, ise,, . and iarsh environ enIts. 

.'for 

industrialized Regions. In the I Wited State', specialt' veugtahles 
are becomningL i dri\ ing, forCC i tihe mltihillion dlolar prodtuce industry. 
and coluiucrciall iiltlresl inlnusual potts, i risitg. (iO;ldCIl and 
plrpleC pottoCs are AlrcLd\ selling at piemtii prics. anl demand for 
lote. stiikim. \aiants is pI,)oahi. endles. All the lesscr-knovn 

poatoes, shotld Ibe iit,,icl\ itinsltigated and the adaiptable cultivars 
pr0nlot '. A C\\ culiti\ar , ofl pitiqtia ald p)lhue'.ja potatoes are 
cuiritly being 7io\ 1 in "\"',Istlicn urope and North Amcrica. In 
North .\'lCriCa. indizi;i putatcl s \W1oild appear to be ideally suited 
to the spet lli',! imarket. 

In the Ande,s. 11o10t of these Ipee,S are .tiltiVated al Iriily high 
altitudes, SO cool weihi high ilitildes Elurope.till' \tii of' (in 
North America. o' Atis',lasia. lor itnstan11c) Illai p .e little problen. 
-Iou e\ ci. the long lat ntrllh of 'tillllcr poses i giiill problen. The 

Andean potatoes comelt I>rLe.li from cqtri tlitudeCs andtIibCrize 

"' It ha', heen :it itil ai ic ll ittine iI,,I i, p tat cili o d do iorc 
for tile po litlt and ecnmti .mt0llli1,,itt1 Iitt It l oiltir 'lu c' 1Lmclolc i~t\ 

Onel ic.es.!inug iiik ,iim! likitC' \t011md Itt to nioiiml lit divcriIt' intiurult ill 
illee spccies aid Ims iih lill ;as iulticl t icit id nmtuisti, ped !ititilauti ns. a'kcs of 
rtiuit/ \5 ntimt~ld pi'oamocs xmiluld lie ;i Illend. p tldlicc-lnlkl l r cl',delight. 

http:p)lhue'.ja
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HOW THE MODERN POTATO DEVELOPED 

t'he potato that reached I .urop-C in th lte 1 Oos was fhe andigCna 
(page 97. Iit howv it becan, the miodern Potato is t amatlet of debate. 
,Whengrown in Lrope today. andietena', stolon, are xcry slow it) swell 
to 'orn tbr,,. :1nd it pnoduces little or no idld. l)itlreces in dtylenglh 
b1een the short days of th,: central Aridi', and the long dayslof a 
no(til-'ln tllrp..,an stlilll r are Cause.Il the 

It is probably accidental that the aindigena v, +a trinsi'olmud into a tsenlul 
top for l"Ii-ope. In the 10s and 17)k, so1n people propagated potatoes 

by planting botanical scCds. Thc resulting sedling, ,.crc hihk ,.ariable: 
virtuall\ escry plant ditl'rcd 1o11 all the other,. iis allowed a vast 
nther of' genes to be cormbined and '\prssed . and allig the types 
that alose \wie ',o111c that could tleit.i/c duirin, lone days. 

Thi, is tne e\planation helies ed , Imost pofto geneticit,. Ihele is. 
howeVr," alpossible alternative: that antl tnrccorrd "shipin'roducd *'long
day po.:tocs. u''ll southern (hile. (Chilcan.pitlhos ale almost Certainl, 
alsC dcrid 1'rom fnfldigna. 1)it I'or ,cntries thWN LiC.e bCen adaptcd to
longu-da,, prodnethio. 

%V'hljlIC\" nlethol transtfo-mled an(ligena. it v, a, one otthe most valuahle 
genetic developm,ents of ill tine: it cave t;1, world s hat is now its fonrth 
largest lod crop: the moderun ptt). 

only under short day conditions. Sttul restrictive daylinith requite
tlent s ha eVbeenrt over'cotmte in othier cr'ops bv selection and undoultedlv 
could he done again. Appropriatte atietict: usuAlh' appoar "\len large 
.lumbers of plants arte growtl under long-day tonditi ms--onl the few 
adaptable ones produce alcrop. Also. Itg-day types atre most likely 
to he fund in the soutthertn limits of the range of' each species in the 
Andes. 1 Thu use of"trIuc ,ed to bring out daylctith varialatlitV seems 
highly promnisit g. 

The bitter potatocs are unlikely to elCate mitch iltCtst outside the 
Andes. w,her, h.1/t1 ' oiild ie hard to make under natural Conditions.
 

As with other new produce kiwi fruit. for example). catchy ntiatmes
 
could he the key to consntuer acceptance. For lesser-klnown potatoes,
 
niarket-otietitCd natrtes might. tor instance. play tip the brilliant colors. 
fit.t, tCxtute. biZarie Shape,. or ltrtitive kuiality,, 

"The (tuileun regions, ottelnuuico and (thil e 'ecill likCh to prIUCe da!l nglth-ncl.lral 
types.
i, Rcviexue r,, ot0 this .trapct. caine (tip . ih the foltoking prov cative suggestions: 
railollwt. gemstoe. ijev, totdog. pual. gotdeirttctiios. corkscre% . curls bird, or 
bittauire potat,. 
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Ulluco
 

In many highland areas of the Andes, ulluco (WUlicus tuberosuts) is 
a staple, and in a few it is the predominant root crop. One of the most 
striking foods in the markets, its tubers aire so brightly colored
yellow, pink, red, purple, even calldy striped-and their waxy skins 
are so shiny that they seem like botanical jewels or plastic fakes. Many 
aire shaped like small potatoes bul others are curiously long and curved 
like crooked sausages. ' Their skin is thin and soft and needs no peeling
before cating. The white to lemon-yellow flesh has a smooth, silky
textire with a nuttv taste. Sonic tyvpes aiC gInii' when raw, but in 
cooking, thi charactCristic is rCdLced or ost. Indeed, a major appeal
of, ulluco is its crisp textire, which reuains even when cooked. 

Th1e future of ulluco (pronounced oo-voo-koh I)seems particularly
briIht. In the Andes. demand is on the inicrease, and its attractive 
tubers are likely to prove popular elsew here. The plant is easy to 
grow. resist s Frost, IS inoderaLtclv d rouglit tolerant, and produces 
reasonable vieId s in marginal soils. 

Althoutgh it IhIs attrac9tCd little modern lgronoinic attention. ulluco 
is one of the I'ex Indian crops to have bcen enthusiastically accepted 
by those of' IIispanic descent. This acient tuber is sold (usudlynow 
under the name '-papa lisa") in modern packaging in supermarkets in 
Linlia, Quito. Cali, and other big cities. 'hIrtughotlt tile AndeCau region.
it is considered it delicacV. It is one of the f'ew native crops that is 
More v idespIcad in 1he ,.\elsnow than it w;\as I00 yeats ago: production 
is estimated to have doubled in jUst the past 2(0 years. lii Peru in 1983, 
for example, more than 15,000 hectares were under cultivation; 
estimated protduction there is now more than 60,tlt00 tons per year,
and continues to inc ease. AroLnd Cuzco, as vel Ias ill soLthern 
('olombia, tlh1Lco is out ranked only by oca, potatoes, and maize: near 
some ura-n areas. it is grown ill almost every plot of' suitable ground. 

I One of tile bent lypes., spl:stIed %kith maroon streaks, is kntoxwn as "('Iisl's knee.' 
A small. pink. ccileI ',,hrimp o t Ih earth.'' A slightly curved yellow
variety in Patcattarllbt is called 'cradlcd baby." the vpes \\ilh pink ond magenta 
spots ;ie sometime, called "'piaEic l 'o '" (lIlca bites) in 1'ert. 

10)5 
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Ull uco is popular With Andean l arnI,ers because it ha, 1'e\ pest and 
disease pio leis, tlo\\ever. c'en though the plant se ls virtunlly 
disease frce and its yiels ae considered high. rcelt sttIdies in]
[nand indiate that it is probhably invaiiabf, infeIcted \6ith viruSes. 
Techniques for eIiminating viruss uing incristeni ,.'tulic have been 
de\Clo.pCd. and di!,easc-li'ce Clone, lla Soont pr0 ide illl1CrSsiC 
increas, ill prodtictivitx. lrcljhninar\ osClvations indicate that vil'us
itce plant,. show yield increases of 30t-50 percent. With these xigoos, 
virus-fre I- mUts. lliiwo I ilds cmnparal e t hose tf potatoes can he 
expected." [flns. it scen), that renlovinte virIses could Ira'.nslforr this 
crop. 

PROSPECTS 

The Andes. t lltJ.o his greater potential than most people i..liie. 
The availaifit\ ot elite virus-li .ce s ocks could push it into thfe 
mainstream o, commuercial aguricultuire thioirt holtt fte Andes. lBecausc 
mally diseases and p,,ts tie Ili)\%;ippearing on the polato crop. potato 

rlo0dtuctiont is bcCoiliiiig inIcrcisingl, C\p.Usive. klluco is in excellent 
alternti\e lfor the narl r.nilel 

-lluLo0 ',elm, I)artliculalk prI-ollisiug it', i cal clop. ,,\llhlnh most 
i, t I Il home tus., solel . cis produtce it mainki' the markets, 
and l..'cIoiatn larnmer,s almead\ eo:ullsidl'r it a pu'ine Cash elOp ThUs. 
dI(tnu.tic.ull\ inllpr\ in Ields could benefit both the diet and Colllllic 
situation of the highlnd flirners. 

Other Developing Areas. lKii crop is no", irittuall, unknown 
outside the Andes. hut. like the potllo. it seems to hold promisefIor 
tlimpeatde ones and trop il highlands. Resistant to host as well as 
heat. ullhuo gr\, svigol'lyl' and uMrtiulari'l thrIvs ill Moist eondi
tions. It is high vielding in telmso to'fublerslper plant. and is atdaptcd 
to high ltitUdcs. It could be gl'rMll inialy up ,landr.giolls of the 
ti-opics. and it ha,, ahad\ fired \cll in Sii l.anki.' It also seems 

AAnadditiul;Il o ,.IV ttI \\ 'Iih ,. CCICitlNIih ll , 1;i1. litid.i til llie tlllt,,I'C dii wl0t.0int 
rilcn \%iillle l. 1111. 111C \, 11 -II,,v, , s,, l l gl \\ 1 ll llltlck, ! l l lntd llh, rmole+ra pil~. 

. , 

, ililll;i ll llomll (I).M . S'io~lle+ tlld A,.,A . 1311111 iu l ll;;IIN +tilect lichll~i ttllll ct+'mlln lo pit\ 
vvidt.l,..ce lhial lht++,,. leslltll, \\ill Ca mI,o\ CI Ito lalilII t+ol(1llI,. 'I hlie Illto'.( I1llptllainl viliIi . 

.: + , , ,JIICt I ,\W lllt. p ipayl11I111c,, %n1,,, ld 1, t hi ., 01th1+'l. 1 h1,,ku,, Mnild 110 11nttand 
Illlo',;i, i Ic ,, ha I"I' .'alc l.INII',+ 'p d 1I l,.'h i ,,N ll,,. Ih1.C10Itmlh. tllltl,,.t]. , Ctu( . i-,

t,  
1IItlllllt1 .'Cd h h,.CO It. R lh l+ tIixlll1i 1110 1ll 'l +'It+';Ill J'h] lllil '00A'+.' I', 011C N011u6i 11 Ito 

I iloilluit.+lm. llo 
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itiu1co aid 'tilkl ti filew ' 'liiikniii , it1ci, lic ckiitA~k popiillIIIii hoiiiciiiI iti 

has inlch to ,I\e thle hilIl-altitlle I-Lecioll oft tile I iopie, nlc Is 

Industrialized Regions. 1,1IInco iH1prohbhi he popular11 heICever 
it h-eeoites iL\vilahie. Iit IFirpe. North .Ameica and Japan. for 
C\atllip~l. it \\ tdd he beautiijl i saperarakei di~pla\ s. anld COuldI 
Prove to he at profitable speeialt\ Crp. Thie tnbher", SIMII size couild 
lie at niarketkineaQ t---a~ than atdr;mh ack. a,-,\' ith other ioot. 
IiectIuSe 01 thle \ i il ad hH11llHCC of' tIC thie helC0101",ir~ ConIdI 

Sodt atMiX\ed 'lend I'AIerY11titnl a- a uuauforuau 1111iiluu1C 
I)>pite till"'potentlial. nh1lneo nla\ [lit be an1 eals. k ii Io tra;it-plantl 

to hli!-lh litude'LC. Mlost 01' fihe ea-aik e--u I t \ p~III PeruI itnd;rCCCO1) 
I"Ceuador1 pro-1 ;11ibl uuc limited M uiu- ott ud .fit\ lenwIlt retrueI~-.\ linjeCtI1' 
lions. Nopethele.-- uiV1,1n C011niiitted ieseaieh. tiuhiwio Cold almost 
certalinix be etHxated InI1ii!II-kltittude ueuLuoit-s: ICieli ber huave alread\ 
euItliIuted it ill gieetIuue1W atl tile Llttiuid of' \";AI)COuer. ('iuutuda 
j O' N4). ilund I Iislinki. Fillthu"d (00 N., as, ell .5it, 0 heIIldopen 
con1dit~inS i IllM~at 
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Insular clinmates (,such a, in New Zealand or IIlaw aii) nly lend
 
themselves particularly well to ulluco. When days silen as winter
 
aipproaches such p still have of gio,, ing season lt. durig
elacs ,ck 
vhich time the tuber, cal form and ,,,ell. ('ontinental summcrs, oil 
the otheu hand, tend to cnd abrtuptly and rema\ lot Ileave enough short 
c0l days lir the ttieri/aliOll ioccss to occin. In Ilava ii, ulLico 
[]light thri\c in the higher. Cooler. moister elevation',. 

USES 

idc ranlltilltco thieurs have a n citlilary, uses. Becaise ofl thcir 
+
hieuh a, rc.tltcIt they arl ilosI otten ilnt--,iced. hieldded, 

grl';ttt, maslhctL, or! \\holc--rallhteu Iliral Thcuc is, ht+\Ce.tcV
Iakedl l.
 

sonlC Ills-,of tolo i t li ii I he ,kill is ' out is thick as, that oil 
fie\\ l,tlcs, Lild isC silv in m\cd. Insidc, tile flesh is either %yllite 
t ycl o',\ and c'isp like young plalocs. bu(t sldhily gillnlly until 

coo,ked. 
I,1lluco tbcrs aieilso pickled or Inked s itl ht sauces. (cilcrall. 

ov,c,'i. tlhc\ are used to thicken soups and mte".,. For this the\ are 
ple'el I0lpotitoe. yield a,sliit lih. ,ioilurto Ibc"ause tIle\ silky rather 
thil 1iiin. one, li hl and " ilraillt, ill n'tadoral aiiallNCiisltl, L 
tile', allC irelluCill\ boilCd and CI\,-ci cold as salad. 

Ihe tic l lia\e' a nood lhell Ilfe. lht\ t ,te l toi tip to a1i yC 
,ilalibicut liclpclt il;-- ill the coolcr areas o tmustc \tdtl Thv llst, 

ci C ket' in the dail, for hcir ,kin, tuiril gcen in suinlight. 
PC i lio\, C\po ts k;iii'ed iliticO to Ihe' tllilctt lics. \.hCrc it is 

fItn t'iind in I lispiiic arketsl. tilikc Iianl sCee nWoiuisil.blal'! tIle
 
llbers ictl oiLinil trc\l i i little
il ti tksc and c'\lici 'lli':0 only 
color i, lost. 

li the :\ii "s.the tubci, , ',lilluetiileC , l'i-CCI-driCl (iltleare Way 

Potatoes are IaL i lt,)) it lon110-lasting Produhct called 
"Iin.'li.'"Ih1i,i,usially itioiuiltl iiito fluir aind added to cooked foods. 
The dricd ItiCr, hsi\ ei iili tilauCl tAsCt t1hi1 tile fresh O .lies. 

Icqi\,_!s ullhito iN related 
tu Nitl)alar spilli,.. (Bhst/i/lbr ). v hich is ' dce alenil iii ile tropics 
,is Iln P utIll,Hie liiiil iginollu' nllico leave" 

tIhe ele At ir al, uitlrillouis. Ilie plaint 

'a1pltlhc hll. ( oloililul and 
are u.casiiilll'. cate' illsalads and as at enCtilC. Thte' arC also 
sometilehoiled io iake Sou[. Or lisdcl like spinach. hllich the\' 
reIemlhc illtasie. 

"+es Niit sIte ' st'iicl i ,til i siiht'llied rI% % a, iin a Irl igeill r. 
hiflmiiallonlhitli (" S )lCHlilig. 
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NUTRITION 

UIluco is t good source of carbohydrate. Fresh lubers are ahott 85 
percent mois ture, 14 percent .!a:,'hes and sug, r!. and 1-2 percent 
protein. They are iuISually high in \italin ('. containing 23 mg per
1(0 g resh weighi. They' contain a gum.ll, but no fat and almost no 
obViiouS ihCr. ' TIhere is considerable nutritional variation, especially 
in protein content, which has been reported as high as 15 Iperent dry 
weight. 

The leaves contain 12 percent prtCin drv ' Cight. 

AGRONOMY
 

Ihe crop is normll I prpagated by planting Sinall tubers However. 
the plant is also Cas ilpv propag'ated w Stem cutltings or pieces of tuber 
(indIccd. a, long astHhe include a nolC, chopped-ip pieces Will root 
with weCCdlike s the help of hormones or otherrobiistnes,) ithout 
special tictltetl. The tubrCs qprotut and gro', readily vMhen temper
aiIres rise abm\, about 8,(. 

Ulluco is e'I',Jl miuch like tc;l. niashti. and p'otatoCs. In fact. a * 
four ,pccic, are oltucI plateltd togcthr., \\ th the ttubers separated affcl 
har ves 

As di'tlength slhortens. stololls bcgin h(turr-\o out otf the stcm, and 
then ttihers bCgin it dcvclop ot the euid, of*the stolons. This process
cal occtur at allv level on the stem. and ulltcH is ustlally 'eairthed
up" tlo iilcirase the n1uuneh ot' ,tolon, formencd. ('tilttv a's varyv zre-atly
in the lite fihe\ require tI reach m'ituri'v. 'lc grow\ing cycle Imay be 
as short ,s S llouthls, hilt 0-8 mollltlis , mote Common; lt high 
elevations (.hme 3.75 i int) lnioitlis or more is the noill. -Lii~utico tubhe a, t!u L Ib hand. 2hev bruising but, niv,re1i like 

pota. they sc , r ,.,il....\lthOuighIfuIllyv t1ch',li,.ed harvesting has 
not heen developed . i sems fcasible. Ilo\ever. machines are likely
ito sculff the shiy Coats,. and ill a,crop, \khosc atppearalce is of lliori 
ilpoiantcc this could he t lrobleCm. 

Yields average S-9 tons per hcutar tinder traditional conditions. 
The largest Itubers. f'roli ( olonibia., mlax be list si/c, but elsewhere 
they tend to he smaller than the size of all Cgg .'\cttually, i is the 
smallest tlbcr-, that1 ,r. mt sogt ht atlCr in the lrkct. 

The tuibers are Stored alimost ar-rot nd ;-I tle Aides. 'As noted. 

(n a drm- uihh;m. HIDt oi ,o." um; n W4--It tl-nth Xi 1;1toti.4, prirtein.
72-75 g hrLt l atrlothM, t ,,c. .4 fi g lilh l. 3- v th. rutn 110--1A g flit, lhio%vvcl. there i, 
liket , , tic greC l \' miih.tWcel phatiis n ilh'.,gli si.. tIthlnfmaion fritl S. King.
' hIntmr-ll;Imn l'lmul S. ingH . 

http:t1ch',li,.ed
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they are best stored in the dark. If'exposed to the sun. the coloi, Ifade 
and eventually (because tubers are inherenlv stem material) they turn 

green. 
Most diseases that are known to attack tlluco seem to be specific 

to the plant. Atndean farmers usually intercrop it with potatoes and 
th,,,rc appears to he littie or no interchange of diseases. 

LIMITATIONS 

UI luc,. Is now IWodtIlced, uitsually has low,;er yields than potato, but 
it seems utnlikely that this would be a long-term limitation. Already, 
production Soletillles Icachcs I0(or" 15 tolls per-hectare. and at higher 
altitudes itcan cqual or surpas,, tile potato \ ide. (i\vc virus-frec stock 
anid itp0Ved couditj1,,I. I ,hould longer bleCt0:11 \Icld n a 
limitatlon. 

The tuhcrs 1 a, arid not ood Irvin.have igh vl,cI c\ teutt ire C for 

lhev also Shrink more than oca and potatoc, durin,..e cooking. 
Bccauisc all ulluco appcars to ie tainted .' ith \ usc. strict c llsilg 

atlndqtli neillttllC pcCde anyitodc.tions I)to newVprocdlll's Must ill\' 
ea hs imi he ilillabillt\ of eCrnmphSill in tlhenthus and v'ariaillt' 

short Ic1ie. 

RESEARCH NEEDS 

l)espite its importance to illiols of people, little agronomlic infor
imation conccrnig illitco is readily aralable. [otllowivCe olIsoe 
the icsealch arlas to be c\plorcd 

Controlling Viruses I'rodtlCiondltl use of virts-free stocks an1d 
cont10l ot virus infclions \\ illprobably lead Ito Jlnlediate. dralatic, 
and sustaiable inlcrCasCs in production. This merits rapid and sub
stlan!ial research anlld operational Cffort. 

Removing Photoperiod Restrictions ihc plants are very sensitive 
to photoperiod. (ultivars need to be screened for their daylength 
requirenits,. anild ,iir'Ve\ made Of their responses to different 
photoperiods. "hcse var\ions will help ndical ilre s ill which ullco 

might be groV ll. (lones lie Southern limits of ulltco's rangefoml t 


should be Cvaluaid for tutbCiation uiLder hlngCr dalCngth conditions 
and possible adaptatiol bo tellperalc ecgons. 

Inducing Seea Production In tile past, it was thought that tile plant 
nue \er produced viable seed. Ilowever. tesearchers in Finland have 

'Th plant occur, io 27 S laltijti ill northeran (C'hite nl ntlr thaCrn ArgCntini. 
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obtained fertile seed under controlled circumstances."' This should 
greatly expand the potential for breeding and hybridizing: ulluco's 
genetic improvement should be speeded up as a result. In partictular, 
true seed cin be0 used to IrelllovV \itLises and locate daylengtlh-uleutirai 
types. 

Becautse viable seed would help with breeding and genletics, clones 
should he checked throughout the Andes and efforts nadc to develop 
fCrtile plants. In addtio, the seed-producing capacity of wild relatives 
should be lurt her assessed. ()vercoming the sterility barrier would 
inCtcase thC v;arietyv of utlluco's colors and othcr vari-ilitV to genetic 
manipulation. I' 

Shortening the Cropping Cycle There is a need to lind types for 
use in temipctate lit itudes that miatLe in a growiuit. !.ealson of live 
months or le,.s . vct are insensitive it) d:ylength. 

Increasing Adaptability Clones shoul-I he screenod for their relative 
characteristics hy rotal ng them among different groWiing sites. 

Mechanization and Postharvest Handling Methods of mechanized 
cultiv\atroil an hair\csting co ild pr,'c uHsCful. S;electionI for growth 
fcorms adaptahle to rnech;tniztior is alo dcsirablc (sprawling types 
might ntot ie acceptabl., for instarce). 

Methods of minitriigtering tles tubers. os of color, aid for 
inimizing sprouting aric also inlportllt. Ways to decrease harvesting. 

StOrgl'e, and tnsportattoll prohlems could greatly incrcase the range 
of markets. 

Tuber Quality ('onsumcr acceptalility cotild he enhanced through 
selection of ttuers that. \\hen fresh, have reduced guilminness. 

Fertilizer Experiments The plant's fe rtilizer reqlircmnts are little 
studied, aid it scctns likely that stlIbstanitia yield increases can be 
obtained ilr the A rides inerC y through the modest application of man ure 
or fertilizer. 

SPECIES INFORMATION 

Botanical Name UlIh,'u.s Ihb'uro.sV (aldas 
l"amily 13asellaceae 

R'l'oulsi el .Il.. 11M4t. 
tkcarr'L c t.'II,is rrrrri r v'iriaton in ,pite of no known seed fornation, ihere seelns a 

good likelihood of Ircqrtrr nrtation rr Ihr 'egeutivc iissues ofillico. Researchers 
01011hd kc.p a vachftul eye for tlc l.ou ]Itublers. 

Sorlldchoiat vriatio selection is,heing carrie'd out via tissue citnrre by R. Estrada 
rrPeru. 

http:Ihb'uro.sV
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Synonyms Um s IU)(ro.I,. IzW.. Uluc's /AnIhii N/loq.. B..lai 
I
tuberosa FIHBK Me/oa'lubero.a'lindl. and Alt/IolaI'ra'iamll Im.idl2.

Conmioni Names 
()a'hua: ullucu 
A.yiara: tilln a. tillucti 
.Sl'atilh: nie2llo+o I Itiadort. ollhico. tillaico. rl.s (Colombia. lc-

Llador): ralbia, rt 3, tiq lil-O. Illl t., i lit Illichil'tliimeln IClci, IiaIchUri. r 
(Ven ZtlCa): CUnliriones.d tiCl'ira, rIlhnias, huhas, chajetias. chiglna
(Colombiat: papa lisa . lisas, olluco. tillico (Peru. Bolivia); olloco, 
tlluca. nilai11a (Algetitnia), papi lisa (Peru.. Spain) 

I-'/,li.+]:
tilltico. ntllot:o 

Origin. Ul1LIco is ,aColmplctel doneSticatCd crop. It is often 
represented in pre-Colhlmhian art. and tubers have bcen found in 4.250
year-old rtlinlsincoastas t'erml+--lt froln tie arc in which it ctnrrently 
grows. 

W ild fornis instaiuce. U., t/'r'.sl, ,'tib ,p.1bori,,i c.s(for b1/1 
Brilcher) occur i.1PCtIt, l'3ivia, nd aorthcri ,Artcentinla. lhcy a'c, 
niostlv vinclike, w,ith long interaIt1oeL', and r,'dldil stemns. I heir sphCrical
white, pink. or agenta tbers are the of"sa llCas oriblil ,,i/,' 

ma+trblsc,, and arc lmorc bilcr titi, hosc of domesticatld varieltcs. 

Description. t lltco is a lov,-growitig herb. *\ll parts are stt leant
 
and Intcilagihioas. ()n long petiole, atom theW art 
 al sl tcn,r'ebLtnC 
alternate. hCart-shapCd ICavCs,. the c0olor of which dpCCnds npon the 
cltivar. Wild formls arc prostr'atC. ('tlti\vlcd lts in il gradientcome 
of' ypes 'rolll or seticlimbling \nu. to lCInc. Coll,act.prostrate 

hushlike niotnd, np to 50 cn tall.
 
The small. greell-vellow to reddish t 
 rcate borne in clusters 

arising fron the fork,, of the bratnchs. Seed set has nev,,r beeln shmn 
ineither wild or ctillivald fIoms in the Andes." 

"'he plant form,- taubers oi lont stolos b0,oth bhICO, and abovC the 
ground. Most arise bhclo ground lronll the rrtass of' librots roots, the 
ends of which thicken atid s\wcll. 
The tllr skin ik thin and soft. \,ith inconspicnouts Ibud. C'u ltivated 

tubers can be elongated (2-15 cm) or curve'd. nie in southern
Colomha are as potates. he os-Icon0Sa,, hi nornal 1on a
spherical and lCmon yelwV Iloever. coloration may ie white, pink, 
orantgc. red. or allaetila-a colimon, popular ilrn has magelita spots
speckled oat a yellow backgrcmnd. IlnsidC, the tubers ate VelIoW or 

l.indley acogni/ed tmo species oi"ullco. l sed on lo\.l colo( and 'clal stiape.
Virtases mtay Jttrihiat to their hilt w0 soet seel, As wtole ro-ot. hes, in Finland,

using virus-fice stock, have succetled in getting illuco sct. hilfrna~loi front A. 
Rousi. 

http:t/'r'.sl
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white. with a clear distinction between skin and interior. They lack 
noticeable librons material. 

Horticultural Varieties. There Is Cnol'niOnLs Vail'aiton In this Crop:
itsingle market may display six distinct types, and a naiket nearby
llay have six cn Itil\ diff.rentlnte'. Based on ItlbCr ippeir'ance. "omne
50-70) ditinllt clnCs exist. , Somnc have been triasported throtighont 
tile lh of tihe \ndes. 

Environmental Requirements 

Ddnjllcn~jtth. O)a. Icneti, of" 10-13.5 hotrs arC needed for tnbei 
produicto ! in the a 5 ' CotlilloiIl\ growi1 ilthe central Andes..riectic" I 

Ilo.ee. ,tncu i go
uliucti . IInllnortIhcIi \rgcnlina at 27"S latitude. 
'and it scens likl.. Ihit davlnctlh-niitnal IVpc, can be fllld III SIlCh
places." 

?/)1/.t'hilj lo"Itilicrcuiicnent,, aie unknomn. hut prolailx are in 
ie r. of 's(!()- -1)) ni diiiii1 the g-rimini scason in the Andes. 
"'MittIJu-,. t. line, is ;illn1poructl md- hili-alti eropito C CI tloil 

V CI iiliIC/e [to('h lte.'clCi itl,h ia e Ien l atIt atlsol cIiti scat icvcl in(ittnid'A. FI-nOld. Mi d I 1111,111d. 

Lowt' 1 i !)I . I licpltit 'l'I\\., \,,ell IIICool. IoIotl"I e .lll IIl ,
an ',ll!,f'o t I-Cs l',itllt. 

IIhJ/nh litii i, . ..\iliiiiih tiit\ th1ii\C tlr high light intensities.
 
tliltl~tpli 
p otdil'c Illlber p l't ), IIIlltolClliilde . 

id range tI' 

unespecledly, hotkekc. 


"oil 1i!11L. Tiis .rop tolertcs ;Ia e e soil conditions. Not 
itdoes bcst ina filile. kt.ell-draincd loam 

,,ith a,pll betwecin 5.5 nd (iS. 

SInforiiltiuin (U. Spelling.I'iini

'This c o l ,Jdt ah le \ ilvial o ll illi a\ I a,11Ini d cai o nilo f 1111tw o 's i llhclellli~ e J v 
'"The lipp,++l
lntM Clevilt 
ll Val ic,,\0111 Idilltld,.. lol,FC{ iR.0lit++.iIIIld IOl iO I ll '~~lOdtliAtloll1,,
 

cLoll+.elllla
t.dill Cltev'illons,1'I-w een 1.000) and.++3.500I Ili; tile.hililcstli.porll
is,(tlcr'oppi ng

ali3.701{)Ill. Ili tletSi.mra C',inlrd of PCI thulh ie ale IlllmedCo p,, tl ,lltu+'o,aLndoca, 

ljtl,,
hillcl anld n l~t po~lattc,, ai abowtll4,.000{Ill, 





Yacon
 

Yacon ( olvnia .Con'i(lia) is a distant relative of the sunflower, 
but this Andean crop is grown not for seed butrfor its edible tubers., 
These enlarged storage organs have a clean, crunchy crispness, set 
oft 
hy a refreshing sweetness. They have beenIdescribed as being like 
a fresh-picked apple with mild. sweet flavor reminiscent of' watermelon. 

-
Yacon (pronotniccd \,a-Io) shlLId pr'oVe agreeablC to atwide I',lalge
of palhtc,, and it also ha.tstI'itUItc as .an industrial crop. Most other 
roots and fCIbers storc caroh drate in the lorm of st arch-a polymer
of glicose: yacon o t tie other haid. stoics carbohvd rate in the form 
of int lin-a pol\' merComlpo1t,sed mniinlv ofl''rucose.' Yacon, therefore, 
nita\ possib!\ be itfrI'ctose-sIUIr cotnnterpart of' sLigtar beets. 

Yacon titlbers also may have potential itsa diet food. The human 
body has no cn/vm c to hydrolv/e inulin, so it passes through the 
digestive tcact unmetabolitcd. which means that x'acon provides few 
cahlies. This could ic ar attractive marketing teatur'e to dieters and 
dia 'ci icS. 

Ih, :ddition, the main stem of' the yotung plant is used as a cooked 
vcgetble. The species also shows promise IsI ftodder crop because 
the leaves contain 11-17 percent prO'inl on a dr'y-weight basis. 

Ft-r ('oloinbia and Venezuela to northwestern Argentina, yacon is 
foirnd at elevations bclow i-bout 3.300 il. Children. in particular,
consider its roots a special treat. InI some areas, almost everyone has 
I ftew plants in the linrnilv garden plot. Much is grown in northern 
Argentina, for instance, and in Latac ntnga. Ecuador, yacon is sold in 
large quartieics, espcCially on the traditional Day of' the Dead. On the 
other hand. in other areas. it is seldom abUndant in markets: in some 
places it is aliiost unknown. 

Strictly speaking, these are nor tubers. hut an integrated mass of loot and stem. 
In Ecuador itis frequentlv called "Jicaia." Internationally. that name is used for 

another phint isee page 391. 
'Ycon shares this I wi of'carhohhydr,:e storage with most menubers oflhe Compositae,
or sunflower tamily. Rarely, however, does inulin appear so abundantly or in so pure aI'orra. 

Information from R. ('astillo. 
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The plant grows fast and casily, and survives evei inl poor soil. It 
is not restricted to upland areas, and has showkn excellent growth at 
sea level. 

)utsidC the Andes. \%aconi is almost unknos tn. lhoever, in New 
Z/'ealancu lv h1111-SCle\iilr.l [It)\ Offelr it for homc gtiardenis and 
commercial p:mtitiig. and the timbers are cinte, packaged like carrots 

I011" Sale In storCs It his bCn ",tm cess'HllV illtltrOdicd into ,Olth nl'll 
l'uirpe. but is not akidl, knovk n. It ha, oull, recettix bCn inltroduced 
to the United State,. and amliateUn g'urdeners liave found that i hriveS 
in ran\l parts of tlu t -- Ciialiforniat. ()regon+ Ne\%J .+.,co. 
l:ln0ida. Albama. and nor1ltheln \ilgllit. For in'ltlc. There Seemsia 
good likelihotd that it could be \ ahl in mot pats l then tolempeate 
and sbtropical lones. 

PROSPECTS 

The Andes. N'acon is litle exploited c\c l in its native habitat.
 
Therc is p obabl, all ttlpped demand in malulv uranll areas. both
 
an g Imnnieralit lililander,, and urblnitC, theWmselv,s. lIus. gi'Cn
 
lu'totItot aund co)nsiumier e 'iicli. this cl-o has a 'uture throuthtout
 
the Andes.
 

The region is the logi.al c:ter, IoMthe selection ant! develoCpmen,
Ct
 
ofcultivirs and it sco: ,,1likel\ thtt resar'chCrs \' ill disco'ter va'ietiCs
 
%1ithune1CXpecCted'tlalities. ([Ihose nov atvailable ha\, uot been ill
pl'ovd ald ale Conlsidered lIu.1drace's atbest.)il 


'Ycl'c could lM- ' hee ;a intableCOfsouc high-'rtlose

s"Cetee rsas v,Cll as a freh ncliack \ cgcsht lc. It might ill be i useltil.
 
pcreCnIiial Ioddeh'r cropl.
 

Other Developing Areas. 'i.tcot seemts to hi' promise world
wide. It is alread\ popular ill 'stue South Aillican I'cgioiIS outside 
the Andes, as well as inl parts of Soutllcast Asia. :',ltlough fresh vacoll 
is not nutritious, it is an casyx-to- lriv s%ct trteat that could become 

poLilai" in ianV areas of the tropics and stllopics. 

Industrialized Regions. Yw'col is easy to gro\ . wkidely -'plable, 
and seems to be illil'esiictCdby LieCcs ill davleinglh. It is re hing. 
low in calories, and call vie'ld an itnditrirl ,, cC'telCrl. /\nv plant with 
these features seem-, destined to becomc commercially valuable. Like 
jicamllla and.ieiusalni artichokc Iel'orec it. vacon imight lind its way into 
upscale mirkets iti the United States., uropc, ,apall. and other 
indisrializcd alCas as a food for dieter'S. 



)N 117
 

InC ~IL~t) tlkrCtI 11.:0111iic;I "Ilic ()IhI 1lI'M~ ic~ ,uosie-Nin 

N()III CC,,. 

USES 

1'acon jN u"[uall\ C'11II Iim Ihlc " ct. crumnich~ 11ubcr is offenl 

ale also con'unid hbild and bkikCd. In cooking. Ihc\ ,~lay -weect and 
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TH'&E RISING DEMAND FOR FRUCTOSE 
in tlie paSt. L \ staldtn- suttt, \\:i" [tic tliti comitttttC(CiIt 5,\ectctflcI. anid 

Ilttctt'c ml I C IS hardi to Lmcillci l illc folrni 'Aas of little interest. 
Butt no%%.' " i-psdlnhlnitte tile indltsitli fsiii ii hi lt iotlh 

55 ctocc;. t\I flf tcileftc Wiltfhi Iatic 'tere"Ih iht) e\ c;h-ftcfost 
l~~~ilcocet (ti1i-ttl le Ccols\ t"is[mttilil ict10fcf111:11ec;\i lc 

their (mll ii ccoitiit ill icfcijitn hI dilttCnisl to r-;isC (fti'tiIC0c lc~cl ill 
norna! "\ rp 

Ill i-CCCIt \ Cars tttto has' c;tIitCd atHICI itttcaiioa1 t1 it sWCCcinglt 
ilgenct. It Mic ile L!5 aoril tsttcrs t.SohImN\~c '\ lfl i t' ci 
ftmr, it Ims ttsIM-: ctt/\tc hc !cos inl cornbcctt Ilitdcc M\ Ilh", Ili1iitsl'or-ltt: 

"I Up. NiostIoltl IcsiftittC Itltttcic ori s\ti-Lps' cotahin !css 

t'Citc6 1\1,1ti 16 /12d lb( ii O 1 (t tt\ Ittc: itt l o~i !tc~i15, Ill 
Sp~ite ot p[etc\ tintsl icct Ill 11111 tttti itft l tcc IittcttisC. if'.t hits 
ledel l cItI t)L t ) kiI k 1 1 i j I 'il.: tit 111211 he (tl kc:. to r i tt 

lil I 'loo heuittitt. di1k CXet. 
w\(sit'looith ,Kill. uinlike tlt kniib \c iittt~ti\ 
ch iciti\ (0 m t ipfi. itlc likec hitt ltt hingil'C 

t tttersalctt mitichlitls. 
thud tiC (11its Ciit, Itl\ pioCCsscu. 'tIAlIll \ieicis tIi lso hticilici. fLiii 
lllitsc of icitisticit trtichikcs-.II t he rc IthtlCrs COIttAhit tftItl0I( 19(fc 

Ic' lits took" finliti(ieCCit ttttlii Itt Ilit 1itt of chicots fi theirutiilitcss, 

It, Ilic lt:011I11011il. 1 l i'tr' of pro\ iding bout it specithvtiIIt Ilis ft titd Lec 

ha~csiil proccsNs 

lih\critspl. 'Ihc'\ tI12tlI\ l\keighl I 25. [t somte are Said to 
wejen ;ts nitch itS 2 kv eatch. InI [he Andes. thle\ ;11c OfICIt &wa'tedandl~ 
sque1Cted I hr1OU1itt~aclI to vwcl t "\%Cee[. ref'reshing dink. Somtimiies 
(hiS 1, 1ccMNti t)h I'0orn1 difk-hro\nibltcks, Of sitet clleduIu 

Thei skin can Lilve l resinouLs talSte, so (hle tIbeI's 1a1-1,1s,1ial1s peeIld 
hef~ie eat i (. Undatniaged wnhers keep) well. IInd Ill Sp1,1nish1 Colonial 
tlimes va;COuI was uIsed aIS a 1*00(1 fbr Sai IrS. 
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As previously mentioned, the main stem of Lie plant is used as a 
cooked vegotatle. 

'Yacon might have potential as a foragc crop. The 'oliage isInxuriant 
and the leaves have I protein content of* 11-1'7 percent (oil tdryweight basis). When cut. the f'bli;iLgsprots azai n from the nndcrground 

stems. The tubers may also be good cattlC fecd., for inulin is ra!pidly 
metabholizcd by iniinallnts. Addtiolid1l. the plnit it be usef'il in 
agroforestyry. hecause it grows \\ell heneath Ita Lopv of' Iices. 

NUTRITION 

the tuibers is consists chiefl y of carbo
hydrat's, resh tuhers have been anal zed iscontaining 69-83 percent 
moistrC. 0.4--2.2 percent protein. and Iercent The suItrs 

The food Vtile Of low a.nld 

2) p sngars. 
conSist mainl\ of intlin . \r.it\I)ricd tubers from 4-7 percent ash. 6-7 
percent protein. 0.4-1.3 percen t t. 4-0h percent fiber. and aIpproxi
matelv 65 percent sugar.l.The tuber, atrcsa tlIo be high in potatssiul. 

The intilin molctll in aConil is but in relatedhmchrcteried, 
species (other Copollsliltc) it hasa rimolccularn ,,ightof' 3.000-5.000. 
It is i pol\ mci of' fructosC b)t[1thCtrrnainll unit iNa,glucose sugar. 
ThIs. iIltilln an o1 glIcosC.conllins small itllolrnlll 

The dried herb12e conttins 11-17 percent protein. 2-7 percent I'"it. 
and 38-41 percent nitrogen-frec extract. 

AGRONOMY
 

Yacoll iS propagated with ots'l'SCtn(snnal1l 'pljinltl[etS " taken from the 
bhuse of the above-gloun1d palrt of the main Sterml) vith a few cylindrical 
roots atntachled. sinule-node st cutiint ings root rcadil . Moreover, the 
SI.oI&'aC ttLihes catn bCCsiI dividetl . In addition . ,elected clones and 

'disease-f1rcc mlaterials cll b derived froL tis,,te cuiltl'C pInopagatlon." 
Yiconl is lante1Cd the year. providing Oth, is adeqltethriughoul re 

soil moisture Md rruth. F 'arlygrowth iS raqipid. and it requires little 
attention apa-t frml wdccinlg. 

The plait reaches mat urity in 0-7 mtonths. Htaving flowered, the 
tops wither and lieback. which li ue h har'vested.at tle ubers a11'e 

,
"(1tlrikc Illitn a N lleliermnde 1 lotel clops. it icof \iltcOl \ as found ice of several 
C01111101 tutbefr ViruscS. illitling Ime poLro tild virLises X. Y.S,I,.'eaf-lu vilu,. pmorto 
M1. and A.,Inmtmrn1llll fruoll).1.Mtarti licitti. 
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HARVESTING AND HANDLING 

The plt iust he du, carfeill to piev.cnt h;rikinie the brittle
 
tuberIi's. l'hese t1ilue, are- se'iitlld froill t e ntral stein., which is
 
often fed ti livestiock. Ylilds f".Xts tol"of'tulers le. Irectare have
 
been reported.
 

Once soil is remoted. the itotl, can
forll Iestcd ]itiadark. driplacemontlhs. tIl'hiis. unilike ,t.Wi-o¢'l ltv .-,s,\ ltl ~tttl'rclit 
for ont,, til ,u:ir-behic- iconl producers, couldThus si 


spread oultilhltitle the\ hal-\.ei and ploces, tile crop. I
 

LIMITATIONS 

Y wcolprovides little ill aof It is,the t.i\ olfllllal iinutrililn. consumedil2t
 
for flaor Mil 'aritv ilhr thnill clllce.
'or sl 


)utside its iii regioii. ;icol is little kiol it illiher iilal.ricuIiI
 
Oi ,is food.
 

W\hitc'll and looi ca.terpillair have beel reported to epests.
 

RESEARCH NEEDS 

As at first step. all iitcriolillnlal Cffot1l is iceded to scout otlltihe 
a'aill Caltil.C the'm. and ingene 


Yacoll could be ani1 

)pCIs eI,. tlorc them 1 banks., 

attractive erop fo01 produicing alternatives'.'tl
andlI toer11121s. rseifc"lh LICrinie1C this shoitl d he til'leiaken at it 

lilivelsily or indtialil research killoralor,. 
,
TlhelCre is a iCed to deveh\lop slra;ill iltlCC iCr of iiilthil llornl 

flalvor. At preselt, one platll Ii' be as s'' ctet as cllid. 'h'.iereas its 
nei.ghbor i, caul \\'c' cl ;ilt il.Ako needed is rese lch to determiie 
hl\ la''or is rclitedt Ioio'.,iilu conditoilsn. 

esearch on iltipro'. in.lilt .hol1 Of the lilbers is ital. (One
qetitiont. I'tl' isl.' '. canil store-1dexample. hiClhe'r icotni be \%ihout
 

lieaktho\k, i all iinili.)
elcraltion of its 
The plalt, polcillial i, 'odder h;a, IbeCl little CelorelCd in the last 

40 years. As iil olher IA-'#lvnia "lec'ie. the le'.cs ImIa contaill 
scsquiter l ac useictons that make them l'Iittle is f i ul l",s.
 
The prl-clcellc or disca.,c,--espciallhv ',iri,,c,,-llcds.o l e 
 ler-


Milned. Viris-fre la.t'rial could potenlliAlk c '.panl yield ain s 
's.s. the ielliof ger'llplsi,1n. liipiiicuihir. ltick ilexnial lfour illov 

penlsive procclures stuch is the Il.ISA test ill i toused polatoes need 

Kai.. 1i7;. 
tclr ctllectiioni 2S l li i\ htiik a l lhotlli lill iloncs ii li in tit, a\',ici .
"hloillnioll 'lolnI1.Johns,.
 

http:hal-\.ei
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YACON IN ITALY
 

BItore World War II it I'tu'-,sighted Italianii.agironomi . Mia ii'i .Cllillo. 
caine acr,s vac.'On While \%mokiIni lDomiini:,nin the Republic. lie look 
some111ler" Io nooIthe'n llal.lVhoping tihe lanht1 \would make a palataible 

fikl,. \ :aon woa', 

Iigh-l-rilt llelrutape. I,,wvell asit ponsilhe Soiurce tlf-,llgillprodtlcingfor 
alcohol lolrlhidC. 

' FlI om (atllo' , itodt+ed tooler pl otlthermll l'. 
Ltrope,. IltMV\VI. %kmi brotuight this "ork lt an abrupt htlh At'ler th x. 
a';dv and plant 'ic tiilet.tlh FIctll thit viCOn lrlin Ili,, 

VigonlN'lI\ in Itis lemperille holandlegion. m0 fat rorn it Andean 
homelaind. denton"lrles tio u1,,.50 Cats later. that. like thle potato bel'ore 
it. till,.i,an IIc, crop \kilth \kuotldwidC potellial. 

[he phtog1ahl.l rpIIoduced rom one of ('alvino-,papers, illustrates" 
the maeimilicent growlh of i't illS;aIIIn'lCIO. ItalV. oil I)ceiitbC 20.at 
19 3'9.
 

be aalable lor litoringitit the plresenc.l' viruuses. As oh" now. 

however, vitcoll sLeell to he \ills 1lice. 

('apabililics 1t iprodleC elite clonC itCXIe1psively nCed to he greatllIy 
cxpanded. Apparently. Itlbers are especially armenale to ineristlem 
li:.tsciii1 I tu. i',they are composed of stem material wit inmeotus 
buds,. 
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SPECIES INFORMATION 

Botanical Name /',o/vmlia .%( hiftlia 1Poeppig & Endlicher
 
Family Coipositac (Islllflo\ er Iimil I)
 
S ll)onyni I'(OdAW'1iU t'dui \"cddell, .smallanthusit. .onchti{h/i(
 
C(111111111011
Narlnes 

)uchnl: acon. llaknirin
 
A \'l*1 l'0 : alriCOnlr. aIrCotia
 

a . . jaeoll. i:r1r Ilarn. arboloco. pulhe, j cfama (not
the Commo ii jicaa (f'" conl1nerce . se page 39). jiquima, jfkima,
.jil imiia 

Ir'ti /I: poi dc terre ('od'h 

taliall: p, llilind 

Origin. YACOH' QIa , \\lid in ('olhmbia. E-cuadtor, and probably
Peruil. arid .'tCorrll\ lI;itliafI d ll medium altitudes in SouthiIi 1 ll, 

America. It hia'L bCn 
 floutld in pre-incan lollbs ill Peru. indicating a. 
\ ide dipersla Ill C;inel\ tllc'. 

Description. Ytco I, i I ritilellic.compact. herbaccolu, plant
\ ith irrk--reerr celr\like lea;ies. Tlhe aeri~l stenis can reach 2 ill ill 
height. and are hatirt%\ 1hpurplc inarkinls. ;mall. da,,vlike yellow or 
ora.nge rc ale I-;icked closc togecller ii tlre top of te plants LInd 
on tttdililrratl sielhl1,aiINlig I ielertlhc\\ r leaf a\ils.
 

Yacoll ftlbrcls li.e rll+crrlarllk ,plille-slraped to round (sollewhat

rescrrbliri tlosc oI tie Jea'rdell dailit) atld call 
 \;a1'% considrCalbly ill 
shape, si/c. aid shi\ctis.f ru.ed to fteile ,\koll steln (4--5 o even 
20 in a burichL. the\ spla, out like tal )pokes fl'r i httl. I On the
 
oulitide. thl alC fall to purplish broi\\l,. bill inidc they arc white.
cllm\. pilpurple. orallrie., or eCll\. sornietlirnes with nta dapdots. A
 

tuber tsuall %\cighs201-5(0 g. hut can reach 2 kg. 

1 l lMd//1411l/1lIN ,ti'~L~idtt. C .PUM I,1- I)Cll S f l acln and Ii1;11\ of' its ICtailivts rIl.
Rkliiiistii I'"s lltldIC It] hllIhi1 I. .ic XIt. mew ol1[lllc c iii . ReccrahtishiR r 

srcill I iSm Itlldic ,,, icr, rrll)otllt1h1 . l ICi:.riS 111ldInsMvilll, Wtwtd hl. 111L r.!mll hlt% !Ck2lal1.%. itplodm'ilw '1l1d Ittibteloul
rrhct)urr 

l ~,(11",td hv ite 

p1)1;i11 f nt rul alnnCl. i lonolhs pirtrltd I caling leIIc ollcll at r [he\ tweelel.
.illoc 'l, tr;lo ibl i. I1 rCnt. allhough snccuntlelrl . itin unlig. cu lietll ligniily)at,, Iht\%tlhtltllt_' 
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Environmental Requirements 

Daylengtl. The plant is daylcngth neutral for stem- and root-tuber 
format ion. at least for sonic clones. 

iiiabi iiali 
yacoln daplhble to seasonal c\'cle' of drouglt or cold. 

Rainfall. ha Ln.gc and peren lndhrgrond ,ie in make 

Allitude. (Jenciallv beteen 900- .75( inlin lthe Andes, bil it has 
becn gro, n ats a Ic\el inlNc% Zcilaind and the United Sl;its and 
repoltcd al ec\ ililu'. uip to 1.5001in in l*cuadOl. 

Lott, l mipurlih. Althouigh Iollage is dainaged Or killed by frost. 
ipt'Clty thc UldLCrudtilisses ale not afctCCd uless lien . 

tl
High TeMpetalLre. '[ole'taut ofa \idc 1ange of cllpcratircs. 

Soil 7e. A,'l0tlhuh it uio- s in a %%idC range of soil conditiolns, 
aCOii LtoC, best in well-cultlivatCd, rich, \cli-drained soil. 



PART II 
Grains 

To the Incas, corn (whose origins are in Mexico and Central America) 
was a sacred grain and a major food. hut climate restricted its cultivation 
to lower elevations. At altitutdes where corn could not thrive. it was 
replaced by kaniw, kiwicha. and quinoM. 

In pre-Illispanic limes, these three ati \e cgral , ranked Is staple
J'0OdIS, hut thCy wce superseded by the wheat. barley, arid oats brout 
by the Spaniard,S. SubIsequently. the prodtuction of native grains fell 
draSticallv. Ill rcenr1t decades, it has dropped even hutlr as imported 
grains-particularly U.S. vlCat-havC bCen aalIblc at stibsidiZCd 
prices. .,\ISO, the increasinglv urlai,1uI/ed and media-dotitted lifestyle,
in the Andean region have lured peoplc i\vav rom their cultural roots. 
As a result, the traditional graifs are io,mostly cultivated in marginal 
lands and arC con,,Itmllled b' people Ol tile fringes oi the predom n lt 
society. 

But for all that. kanixva, kiwicha, and quinoa have outstanding 
qualities and arc begitning itoreturn to general favor. The Peruvian 
goverument, Or exanple , iS ftS Clhlg thCi increased prtoduction-
including tarilT supports lor ex.port's and promotion of their" use ill 
processed products-especially for combihating childhood nmaltutrition 
inl the highlands. 

All three nativc grains are broad-leaved rilants rather than grasses 
like wheat, rice, corn. and tile other conventional cereals. I They are 
highly tolerant of' marginal conditions. Kaniiwa and quhnloa are adapted 
to cold and drought: kiwicha to drought. They are cultivated at 
elevations ip to tile rarelied heights of*tile A1,nd1a2 snow line. There, 
where f'e\, crops can survive the dry air, short seasons, and cold soil, 
their cultivation goes back thousands of, years. 

One StmijiI AI Iircain glu do ltiliIctt ' glr0011 
'1.illi ,d an pi~ nl, troln ('Ii.oc kt 

, , it fod ' , BI'rumpllu. hi,.g'i. Not a 
itIo:Ille , ]antd and lit. itjacciil (Chihlean coa'st. Ctlivation 

vas atntdonled diring the lal centt y itcir tie intio.tlc'itn o wheal. I;ntit Iecentlv,
dotiteY ciled Varieties, w et elieed extinct. hill a dl'allat ic rediscovery of tie plant ill 
Argentina w:is reported inl 1t97. nformtion from 1. Reid. 
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These three niais are also outstandingly nutritious. Their rood value 
relates pal ularly to their unustual proteins. All food proteins arte
 
composed 
 of differi llamounts of 20 amIino ic'ids. A Ife,of' these 
cannot be nanutactii-ed inI the hody and are e+,.oallrefi'ied to is 
"limiting. bcause once the hod ln OUt o1 anm one ol them, it
 

stop, sy'nthe,iing prteins, Il plant proteins the tlree
II105 
 lititing 
iatllillto lVse.i,tidsart:IeU llthiOhlil. alld tr1Yptophll. Bitt in the protein
of kaiii. ki ichit. Hnd qtlinia. thi IC%els of l.,,Sine aIld tlrypophan 
,,rC e\cllilt and th, itntllininc lc\ CI i" :idcIliate. 'l'i, mlake , these 
Ihrec glaill tiitlial iIII;I0itn plalt Ioods. IlndCd, til\ pproa+tch aliImm 
food,, such I,milk ot met, In their protlill Ltlality. 

'he curret lintithtionof nativ ralins,, lopti,tir Iprodtiti vityV.This 
Calr ie 0ccotllic. ],sarcci+,t, hae. shi, n.for exaitiplc. that Sll
sttlltial ',iCl incta-,s caitn be ,chie\Cd thnrotlgh apl-ling a little 
fertili/cr ;till ththrouigh us oI1 ,Ctter selCctcd seeds. Giveit such 
atlettioll. the aiett ,ra of tie Ii' ,SseIicapalet of' 'ildinug ;IS
nmuch is th I t c,.lpiodit)LIII's of1iodei in.,ciunC-e underlice--cspeciily 
Inintaiumllt c onditioiis. In o\:emll productio.n. Ione sccll likciy to rise to 
tile h1C.Il\ hie.ihts ot\\ hla, ricc olid coin (tile oIsl', tp lle c..lereal 
crlls). b)tt the aill cit pM.1:\ I much bigger role iII Ifceding the world 
thall th, o tota'\ 

KIWICHA IN PERU 
illit It i%,,/+"\(r'l'bd i+ll(I10IICI hl/,'l+'lf/,U'Ir,/3. 1but)/hIIII tI',Vs ple.wi+ll 

li/11 /1iI ,i!' ol/ It\ I', U lit l\lr\ ti': ill / . *11i . ur"oll p+' .' iA toIlov'ih+' (: m 
 P h 0/ ith I. till bc' tit ( ,114 Ichd itil/ 1!l,l l il;lv,-

Akter niithliedst it' ;a,of' k ilt dtirnit ,km icli i ineichorn. lhe 

"'nidvif, pulling it intItice o \,tIei'll ld a d 1rc:itiling ne\% Iif'c it
illlo 

au~ m tk.,ki.ik Iui, Sii iniiw, ci i,,t frini lie ancient Inc.a ctapital.


('Ci/en. Sunmar and hli,,
colIauui.. promadt call themrisel, cs "'kiv, lhcos'
hecail-c. t , "a\. th .
*i' ci;a/ ibo tki\iclii. 

In global telim,. todi\ ',,ki\icht plianting ,, ;ie still l aresmll. mev 

:,lointdillj ir-II t t
coiid lis c ril",ago tIleplan t had all bIltatished. 
PIeru's coimcrF'ial kiv, cha cuitialioun had risi to more tlhan 700ft 

', 

htectares 
b' 1)8. 110t inctdifing sce1ral huImF.efd htctares cuIltivat,.I by f'armer, for' 
their owvn u-,. I'lhc-sc people looking do\do i. Ininto the Sacrud Valley

of"the Incis--th,.. \'ilclia--cmr ,,c,it stilfdded 
 i.c milre with -rilliant
 
red kiti.ha fidls. lcu i:nm'aim.iers,pIrttifd about 1.201.)
low, of'kiwichla
 
grain in 1988. most dCstined or Ichildrcuf, breakfast program in the
 
('mi/co schools.
 

I'cru's
Now, ill ,illkg, mrkcts and cil,. smipcrniaikei,. the grain heell 
aund ill both as. and processed l'inus, ranging from b'ecakhl'st foods to 
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Kmiclw "Ciiiiionl -Ili !lInuti Ka!IIok ski v%ilh ;IR Ihtd 01 II Ofe oIli"adVMICC 
lincs(it'kmilm. N. il m %cCI 

N111%' Itoi'k. Nesil" and g'overIlillit proniounicemenCIts have Created 
aI W~iI Ofen~ value. To thle pubhlic. itpIeadM lte grain\' nutr11itionial 
i' a1110% toodL Wv0CiaIted x ithl health1. VigOr-, and Slitrength. 

The C11t0or1 oF thle kiwiltos are a n1OIod10or Others' inlterested inl 
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developing new food crops. One ke ', feature is that they, are developing
 
and promoting the crop sirnultaneously. Thu, while -electing improved
 
strati;s and breeding new varieties, theY are also vik;1ting farmers and
 
designing Suitable implencrlts tIch as pinting and halVestiell Im'achine..
 
MolCover. they arC in,,estigatine the grain's chemistry. proc-,.ssinp meth
od", and culinar\ use.
 

Puhlic ilte'rest i,now ,ohigh that kiwvicha is one of the most luLcratiVe
 
crops inPeru. 1111988. flarmelr, were paid 41) intis per kg- for kis, icha grain
 
compared ssith 2u-26 intis fIotorn. 14 ltis. for barlcy. and 15-I ( intis
 
for s,,heat. in tile, a it lealst one firrir larried twICe Is)uilIiahbaarea. 

lluch per heet:r Iroill kis\ ichat :a, coc leases.
lrot Ica 


And excitement for lie ancient ici giaim is spilling osr beyond the
 
"
hordels if' Peru. [or instmce., the t ited Nation, (hildrt.n s Ftund
 

-
1UNICI. has, IproviddL lfor itg infund 1(irlrlt" to stimilate kiss iclha- Ir',, 

BolslaIl -,cutdor.
aad 


It; ,tilu r. tUflites., the kiss ichi plamt Its maiIc rimarkalc advances.
 
W hen 1h he"rio th,,s,,i.ill the :Ii tl St,. ,iclds
est ls ,tarted to", 


'Ci a I kg per hiectare aindt h,- i\, 'tIe %kisll lich : no\
trou1i .801) n losci 

lt, yields, t conirrioril \ S.(000t-0.(t)t l p lict;e if Cin\perinlrenlai plots:
 
averaC yiIlds,are; ai,lUt 3.000u kg per hectare.
 

A tajor il prosnient calle sshen t pl ss,tth hlitge.aa,nce.t,,ii 

lpiight Ielte the pills hil 'dargling"
seedlICa-ls, sscic foMnd. 1h,0t, 

heads that teided to ,pill their Seed on1 lt ii s,I ,.
tirLh Itld.0t , , "Kivri.ha
 
\as asle"cp lis , .'ilodh,.s s ec +t t\pCs, -til be ctlllisItCd
 
nlchlanicalls because les\ ofthc seeds lkIllout sliel thle philts are buml1llped 
or sha11en. 

None of this caine easil,. The res:'earchers initially gathe.red 400 lintes
 
l'romll Site',s nt idalitlde" tir.oliglot Peru. After fo.ur years of
lifferenll 

evaluation. I()line, apearedt to has0 good diseaseC and the
1e;1\ reis.i,tance 

potential for higlh yields in a,hroad 1:1C ol enmiroicnts.. \fter three
 
mllor'e so pi-med ptotlisiig for protilell
yeas.on litres 

production in fIarlr-er, lieldl.
 

While Searching f0r tpesls-,ih good ield priorlnTrIICe. the research+ers 
,,
also locat,d ty, likelI to sll good r kl pcrlorn'mie. These had
 

l',uge sshit,.seeds s ith good cookin he
ch',aracteristics. T ig breakt hl otgll
 
Came skhen thre, perfected ;a hargate csseds
hlossr [hat Could separt hlar.I 

frolll light Seeds esue.l that s,etc inC,,tMpltll filled
Small (lot thl,,,r 

or had loose sed ctsI). lh, bigger seeds shos e.dr,rlu'beIter germination
 
and igotl, ss,,le:sie t hr is est atnd litdle. and ssre.t rllih illtore
 
acceptabIl in the m;arketpltc. 

BV sitmult.torsJl\ tackling Imi'arket t.ilerenlrs inid f:rrrer, re..tqutil'-
Ierts, the re,.sieatl s Iris,. e sitllttled iril interest .1 1tulver ntn ill lost
 
Crop of tile Incas arid laid the Foundation for it, long ;int
d lasting liiutire. 

http:Kivri.ha
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Kaniwa
 

Kaniwa (Chepm)odiumf pallidicauhl) is a remarkably nu'ritious grain 
of the high Andes that has been described as helping to "sustain untold 
generations of Indians in one of the world's most difficult agricultural 
regions.''' Kaniwa (pronounCed kan-\'i-wa) reignls in the extreme 
highland e:nvironment where \heat. rye, and corn grow unreliably or 
not at all because of the ol'tel intense cold. I',en barley and qui noa 
(see page 149) cannot yield dependably at tile altitudes where kani wa 
grows. In its native area, for example, year-roun"d te mperat ul'es average 
less thM I(fC. tld f'rost occurs diring at least nine months a year, 
including the height of tile giowing season..' 

Kaniwa is so cold hardy that in the high Andes it serves sulbsistence 
farmers its a "saf'etv-net.' When all else fails, kaniwa still provides 
food. Indeed, it is perhaps more resistant than any other grain crop to 
a combination of' frost, drought, salt, and pests-and few other food 
plants are as easy to grow or demand such little care. Moreover, 
although its grains are small, few cereals can match their protein 
contelit of aroi nd 16 percelit. 

AIt hough kanuliwt plodunces a cc real-like seed,' it is not a itrie ceele 
but a broad-leaved plant iil tile same botanical ,,gelIus as quinoa. At 
the time of the ('onqtiest. kaniwa graini was an important food in tle 
high Andes, It is still widelv grown, but only in tite Peruvian and 
Bolivian altiplana-a lo'tv. seiiarid plateau hemLned ill by high ranges 
of the central Andes (see niap page 133). Most kaniwa is consumed 
by the fIanily that grows it. but some can be bought in Andean markets, 
especially near Punti. 

The plant is not completely donesticated. and i often grows almost 
like a weed, reseeding itself year after year. (Farmers like it, however, 

I (lad, 1970. )uring Inca limes. h1OW\eVe., it IL.pt1rledly \wUs IlC'lficlCd It the Inca 
emperor himselfiand to his i 'courl l'bridden o Cal this 'royaltihe general population W\,'t L
food."*
 
' Kaniwa possibly 1ay reSist cold because ;Ispecial analtolical structure protects its
 
tlow,ers fr'o1 dtMinage it tnepera tu res its Iowx its - KC.
 

As hatrvested, the "seed" is actually a hard-wailled fruit (achene) containing the true 
seed, 
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and encourage this "'weed" to grow in their plots of polatoes, quinoa, 
or bailey.) Its sceds-unlike those of quinoa-contain little or no 
saponins and can be eaten without elaborate processing. Fowevecr, 
hari". "stigilldlltdehtsking them is laborios. 

K- ii.Iwa reCtireu, ich scientific attention hel'ore it reaches its true 
potential. At preClit. it exhibits illlnv of' the tdkerse characteristics 
of 'senlid llesticatCd plilllts: for eXllmple, gl,:it va-riationl in appearanlice 
a'nd time to milrit'. illt .tilre of l"hints f'om01 the simc ced to ripen
al the sire time. Itako cxhibits tihe Ieorable chatracteristics of, a 
rustic:crop: self-slic'ifiJency Midildlpltitlll to widCl\' \ii'\'lL hbthitats, 
for instance. With selection fo0r plant type. nolnshaltlerin seedleiads, 
inifoCrm l\. and higher .ield, kaiv a \otlld pIro\'C to be i V lallC 
-lif'-support crop'' , extreme hiilds tlhoughluLt the world.1for n 
IndeCL. is fa111 ackstop f'or conventional grains. itill 1'il-proolf 
liy open i llore efficient agriclftualil utse of the world's highest 

cltisIilte terrinir. 

PROSPECTS 

The Andes. For people who live on suhsistence agricultuire in the 
,ltiplatio. kaillii is extremely important. (iven promotion' aind rc
seillch supplort. it', pluoduc tiio could incicase ereatly. 13eCIse broad 
climatic flctiaions are the iorm throughout the highlands. this 
extreillel\ resilient plit sllhould he tc,,tel is i f'od. Icd, and cash 
crop ovrit Ilatch \ ider arlea. 

AllhoUigh it is inlikcl\ a suibsttiaever to he il l'ood of the whole 
Andei Iuoll. kauin \\ ill contiliuc as rit r ',I lpporlt\itl a\] 
that sustails tihe li\ Cs of1Illm highlinild Coplc. especiaill\ during the 
lost difficult tiies. lB saiiine ct.ecl to:tl cr'opl faihre and 

stalvauioln-especiill in high-aliltimiC. mlrina-1rghll ilreis-it ill il\w'ays 
he imporlitalt to the \ Cl-bciig aid stability of tlhe region. For this 
ltiteon ilole. it dcelrves ftrI leiltr research attention. 

Other Developing Areas. Because ol' its adptip:biil it' to cold and 
l'ilit\ , ka1niwa.i coild CX iild the of cultivible somemounHtll1 land in 

nmimgihnl tropical highlands." I lowvkeer. this is a distant prospect 

"Ihi', hmill %a t:,iO lle'd I)\ h oiiiliil Kapool l. ill clcll oill I lilial!,i mi C'helllpodtl, hatl 

aire Ihilcd io k ll'ti .
1" Al p ' eIlll. lllill thlIi;,iil ;lC ILItllti I LiTo\\ kalx\,, hItmilC i I xIO ;lio lllctL \\itth 

t.' h tl hc\ i itC'\l1Ci C ldl l e. It. ti jllhl\;ittioll \\ill L!ilC'ollr ,ic I'o ll ] rn10111illn f'rolli R .T . 

A rtlitd speic,. ( ltu'topodiuuu, album,. IIx hcen Ilisd tu .Celitll ic. i Ill t Iilli l\a'it
 
ti mt.e. It ,i, itii Citl clic
s'Li lt;tlid t dce.tcpI hitI;itditioiitlhollicllitli, aid ftood,.
S IeT. I'ailap. t9S.S. li'e Ilil :ihk ili gr1iill ClIC o ... t I)jitih tiiil hinLCItllh thoIoIlIi\ 
AIn,i1ltme,. lh e %Icn<,and/lb iioj i t 4: t85- 191. 
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'Ihele lc r esPeiciall; higth in eCileiln. aiii thle plant is \ aliied 
foar Souil in1iI(\ciiiii hillItalso prid Ie oa % [~1 I,, cspeciial\ 

Nearce. Farmners solliniie '2io\\ ahom 3..S00 in inl lilt alliplano. 
\M"Cre it, hioiiass I,, conipiahle to. or1eleatel h1aii. of otlierthat 

I'1ags 1"-'1 CI-)iagC oh 1011' er
.-ioN Jll- lce lila\hCWIi ieI)OieLl. 

'Ihe cidili k' il'lsi it0Cii:i Iteed. Ill one1 test. :1 iIi\ 01lSO peleeiV11 
kan\~ Lail. CenottonC~ HeI~iial \ jeded& pieeit i~iln.Ilard ~pe 

NUTRITION 

j' alt.liil ',Cetii )ti tertl Idd 1'.iicIoih lInc1iloieol-der.IThis as 

h\tig i~hlad.iiimlusi lic. h oIittiI\ill\le Ithi.i.ThpeiiiL' i 

oi\tlh,i.! 11k. I cl
IiNd tli l i c i tiil na. i oni , hi l t', aal 

LlI*iie tCtICitII Oft IIC:1i\ Wi) i)Wki iit ;111dla %LeCcahlC 011 contnt (flIX 

l\Ii\\ii,1Itla2ti Is alt) 111111111011" and al hi (IsC AStINa pthledN. lIn 
lL'i\2 of \oilig plant, (,! ihoint a iliOnnll and Iahialt iiicr plainting) 
lili\C prote1-inl ettlrIse as hligh as 3(0 peNwen lihi "WOOeiht hecrop
 
r'esidtIl I, llii-llh\ d1hiCI2lhii. iiiineiCIa likeu. auid \atiIibl Ion. li~e',tock 
Weed. 

AGRONOMY 

Toi plant kani' :,n, faimiers'Mnalix h11t0lldCai, 1,ICCeLee I Need 0V'i 
tile land. Often (hew Choosite sil" loosenied hx previousi tuher crop".
The Seed alsoI canl le NiicceN~fiil\ plainted nlini2 Illeehanijeal etniplent~ll. 

A\lier NmnO\ini.. \\Ceedint! and tinning are heiielieial. himt tile tgiowill.L 
PlantsN are nralily 12iken little ori no0 :ntention Lijitil harvest (this isl 
inaini v hcains teeil'sare 'sc.arce x\ hre kini \\ a i git,\ si nice 1.\ea01et 
condition" limit thie igro\\th ofl mlo" oilher plants)i. Kaiv;l iesponds 
well to nilinog-en and pliosph~iinls.alt mucgh in thle iiIRiil :\ide tiii/cIN 
are rarely us~ed. Because it hast it 'hioni. Nittnt Iilti. lite pliani resists 
Stirn \ 11(15 iandl11MIamins. B Ilk,t linke it is 5~ cmi highliit 4.in" 

and ul.lillta I li ilusiiaihI ltt\\ighlt teiieltieNs. 

illedl glitll thet fai ut\Itjl/t and it kL' flii ioditio mtid ioitagc mlutr iilit. 
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Kaniwa is grow ii ill sca11cicdt plot', onl malrgilnal land Iliroughout thle altiplilno region
(dotted), mainly at alltitdes over 3.800) in., Ilowevcr. ouk ill asiall area (erosshaitehed)
norlth of' Lake Titicaca is it ero\%~n intensivelY onl a large scale. (Map couritesy J. Risi C. 
i.-d NWV. ( I 

HARVESTING AND HANDLING 

The most5 commlotn varieties latke about 15 ISlys .t0 r'each 11aturlity: 
howeve r. ill one t I\pe canleaust quic k-maui y lie halrvested 95 days 
alter so\ iIng. CUlrren I varieties must15 he harvested belore they ma~ture~ 
fully: otherwise the Seeds scatter on the gro.u.nd. Sever harvests arc 
II nttt, ti1e'u "C0"nt16i crop, the I.LsLIa I 10 whole because 
11UlI.\ hrsol I vpeS. and d111'ierent 11 C1p ,111lailIIripen as mcasCseveral weeks 
apart. Normally, the entire plant is LprooLe bodily. 
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The p!ants are threshed immediately after harvesting and again after 
air-drying, by which time more seeds have Matured loosened.and 
Mechanical threshers have been tried it h success. Under field 
conditions, seed yields of' 2.4(10 kg peMhectalre have Iee1 reported: il 
experimental plots. twice that has been obtained." 

Kaniwa seed is tediou, to prep:;-,,' ul i, ,.'ncloscd in a papery
covering (a rerinant or the flo, er called ia"peri oium') thOat must 
be removed. The covering is lv sened b, Soaking. kfollo\ ing \%hich it 
is rubbed off. 

As no", grown. kaniwa seem, rcsistant ito maior plant diseases (this
 
layi be larely becau se in the w:Old. arid regions ,hcre it gro\s, the
 
disease,, are. relatively speaking. mot erio,). The flovers aid leaves
 
are sometriles infected With rnilieme ,but 
 this generally Lisappeals and 
apparently has little lasting effect on Seed yield. Some quinoa pests 
are also rtund oil kitni\a. Minor dalliage is done lw insects srlh as 
cutom',, beetles, aid aphids. 

LIMITATIONS 

With SUIci tlittle-studied crop. the MIcertaintie, are manlifold. For 
instance. kai\a ma\ have Strict latitudinal limits: it may he restricted 
to high altitudes: it may seen b to diseases, pests. and \weeds whennl.' 

tr'o\n out side ts 1o%, itlrnost coruletilion-lfree, e'iironlnilr: and it 
riav require the intense Sulight tinsolation) of it,,native home.
 

Knowri liiiniirtiors include the lfatl tht kaniwa 
 must be harvested 
and threshed several time,. and that petpriring it,seed is laborious. 
,,\ISO, its seed is ', hite. ('urrertl . there t.,ot \ arc o colors: black and 
dark brow..n: mo1st types are bro,, n1-seeded. 

The plant's Small. closed. normtallyi hernaIIphroditic llo\, er, make 
cro;S-hreediig for crop iniprovelUent even 11iore difficult than usual in 
a gl crop. 

RESEARCH NEEDS 

Kaniwa needs itgreal deal of experimental work. especially con
cerning its aliromt r. iS rpro emnrmithas been lirited to 
atsmall alllollt O"germplasi evaluation, cytological s udies,. aid the 
prOduction Of teltraploid spcens to icll'rease lie sue of the Seeds. 

,Inll lln11.Perl. ,,ii;1r-ipin liia ciitilcd ce pc, 01Mh ieldctd k perhl .tt 5.1)i0 
lecaiererll;1icl • 

1 itlhlCC f ti ,.I ( .,.inNill.+:Cd 4 1 In 11W"MRl'Uitt1ilig ar11. 
I it iiia .,rillo,,.,.t Rilige. rd ,,l. tlld,it1i:.hilohad all",iitol .l foi

hifllilnlill ilm .1,RiS+,.
III 
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As a first step. a major germplasni collection and evaluation should 
be nutde. Seed should be collected both t4orom the wild and trorn farmers* 
fields. Variation in color. sensitiviv to davlenglh, uniformity of 
maturation, yield, susceptibility to pc,s, and adaptation-paticularly 
it) cold and salinity--shorrld be noted. 

It is vital when breeding improved kani ia to get plants \ith seeds 
of unilorm maturityv that sta il tihe seedhcad as it dries Out and that 
can be easily husked. Such nrishattcring plants \\ith ea,,il husked 
seeds Would usher ill a astlv expanded fitUre for kaniwka. lin sole 
cirCUlnStaliCCs. m1lcchallilCt threshinrg \\ou1ld also help. 

The plant's potential as i foddcr dCsCves intense investigalion.
Because it grows irCadilv al high altitudes where traditional forage 
crops tare poorl, . it cu.ld help C\Cnd the usefulness of lllan\ no\w-
Inarlginal land'. It is highly digcestiblC. nutriliOls, and Mineral rich, and 
can be left slaldig ir the licld as a rmerve nr use \ hert pastures dry 
uip and toral'e is ic. 

Kani" a, \w.lue as a sourc of g'.es for other cherropods is worth 
investigating. [-or _aIllpt. although qlilloa is not closely related. 
ka=i\ a gercs rnight prove iarsferable tisirig modern te niqtes. and 
they iight cortribrtc increased hardines,, dwarf salture, aind saporin
free seed coals o tile rliiloi crop. 

Trials should be perfloriled outside kani\ a 's native region to Measure 
the plani's gcographical adaplabilit\. logcelher \\ ilh other "life-support 
crops" flrolll tile Andes. tile I lim',lll ais. and else\, here. kanik\ a should 
be put illt high-aliirde trials ind tested f r its potCniial to sutain 
life in Asia and .\f'ic' ;s it has been doing f'r riilenlia in thC Andean 
heighl. 

SPECIES INFORMATION 

ilotanical Namne ( !('/llp,(,imp/l(i i, Aelcul///li /. 
Family ('hecilopodiaccae tthc taril\ (0'!iln,hs-quarlers)
Sy'nolny nl C7hcmlp, lium ( im/la ('ilAi 

Cornlnlll Nallns 
Qm'cima: kaji\a. kanima. kaliliia. kair-aglla, qiitacafiligira. ayara. 

cichi-quinar 
AYMyar: is\alla hiupa. ihara hipa. lra. ijara. cariahila. kaliawa 
.S/luli.s : calihila, cai-ligi . caflaiara. canagai. karrii\ka 
ln 'i,,li.rh: kani\ a. carihrmi 

Origins. Kani\',a's origins are uncertain. bill itis almost certainly 
an Andeari native. It has a strong teIndency to "volunteer' itself in 
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highland fields, which may explain how it came to Ibe adopted for 
cultivation. At the time of the Conquest it was cultivated over a much 
wider area than at present. 

Description. Ka'iwa is a highly variable, weedy annual that is 
normally betwee r 20 and 6() Ci high. It is ei'Cc1 to -prostserl raite, 
highly branchcd atit le IbsC, WithII a vicoro ts but shalllo'w titpl'oot. Red, 
yellow, or- green patchcs aLd streaks occur in1 the stalks and leaves, 
increasing in site ;and width toMva7"s lie has,: of' the plnt. 

The hermaph rodite flo\wcls are incouspiItotis. .ind all'" ftorme71Cd ilong
the Corks of the stem. elccawe at f'ertilit\ the fl \er i'IAosedc kaniwia 
is alnost exclusively self'-pollinaliug. 

The nulerou, sedsI, achele,) Iare approimlatel\ 1 711nl ill diameter 
(about the sitC of itillllr il grl,, or half the ,i,' ofl"quinoa grains).
and havC aIclasping. papCry coverti, Miost seed coats lance iil color 
from chestttit hro\kn to black. ('om pared t\lh conventional grains, 
the e1nibrv\'o is argce in relation to ilie sced si/c. 

Horticultural Varieties. Agromtnic class;:aicttis have bcn de
vised hiCd Oil laMt shap1c and seLeC0lo. There ae io "'coiypCs": 
a. Crect plant (.%uila \ ith 3-5 tsl hritncClts Nd deterllinatc growth, 
and sclniCl'Cct type (lo.%ut \with m7ore thatn 6 Ias.ll rallches and 
indetermiiate growth. Fach of' the,,e typeisi f'rther classified by the 
black or brown color of the seed. 

The erect t.pe, isally gro''\ isicr for ahtt 70 da\,s. it which time 
dry-Illattcr prodtlClitlil cc:aCs ialld li pl ttlst flower. The .emiercct 
t'pcs Continue to glrLow, throu'hotit the sCllaso. ind CCvetallV produce 
MOre stems aiyd dry-\' mAttlt Ith.at tih ee'Ct type,. 

Sonic 38(0 acceslion, ha ye beeti eii'C evaluhat ioncollected id tdLet" 
ill Punlo, Peri. 

Environmental Requirements 

D yleriglfi. All genotypes tested have been daylength neutral, and 
kari wa hts pildtIcCd seCL inl England. Ill field trials in Finland, 35 
ecotypes (collected from Itnllo, P'liiI) produticed mattre grains at latitude 
60°49'N, and 5 ecot vpC llattitCd grainus at 64 4I'N. " 

" Althligh ed produclion , 1ppdIlclI\ knlnilfected b%dtyilelglh. plalt glowlih was 
poor. proa l , hCtmise otl Io%%light ilttensl. and \%td coulpetition. Ihforllation from 
J. Risi. In field trials cairried out in [inland, 35 ecotipc, froinh 1 iiPno. Peru. produced
nmlatire grains al tt494'N. and 5 ial 04 41 'N. ( lmn, 1984. 
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Rainfall. 300-1,100 mm around Lake Titicaca; requires moisture 
at the early growth stages, resists drought after establishment. The 
plants seem susceptible to excess hmidity. 

AltitudC. TodaV. kaniwa is rarely cultivated below 3,800 Il (below
'his. quinoit predominates). The upper limit is 4.400 in innearv 

protected areas.
 

Low Tcm cralui,. Kaniwat is remarkably cold tolerant. It will 
germinate at 5 ('. "Co\ craat 10 C,and lttre seed at 15 '.Adult plants 
are nalffctld by nightly frosts. 

Hicgh TemIperaItire. Nlydd ICtmperatures in the altiplno are usually
only 1l4-18 C. but koinia can withlistand relatively warm conditions 
(tip to 25T) given stllicient soil m11oiStlre nd air movenlent. It tolerales 
broad swing , in temperature and high insolation. 

Soil jf)(' IPrefe'rs an open. 'riable soil. Bihcause of its short taproot,
it seems particularly suited to shallow soils. It is succCs,;lully cultivated 
in sois r.nging from p11 4.8-8.5. and shows some salt-to)lerancC. 

Related Species. K;niaV, wa01lone considercd a weedy variety 
of qtinoa, but chromolsmal stlmdlies have conmi Irued that the two belong 
to separate species comple\es (kaniwa has a chrlaiosoinal designation 
of 2n - 18: quinoa hIts 2n -4 36.2x -1- ----

The nearest morphological relatives are (litlopodium carUt,,.N uinn 
and (. mitthriul-idPlgliti. 'from The grCate.tl diversity of related 
species in Soot h Allcrica (assignable to the salle subsection of 
('lhi1opodium ',kaiwa ) is centered al'Ould Argentint's pampas and 
westeII highlaid,,,s vo and widespread species1h Cvcr. the most comnIoni 
is(. petiolar . which extends far into tle Andes. aLd ohei grows 
interspersed \\ith kaniwa. Although it produces little grain, it is 

seimipercn i ial," and sonic times will prodtIlce seed over several 
seasons. C. peioltuc, along with other kaniwa relatives, merits much 
furt her attentiontrom bta)tnists and agronomists.'2 

Infformation front I.. (Gitsti.

2 Infornamion From I1.Wilson and .. Giusti.
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Kiwicha
 

A staple grain of the Incas. Aztecs, and other pre-Columbian peoples. 
amaranth was once almost as widely dispersed throughout the Americas 
as corn.1 The most !mportant Andean species is Anril-anlh/us 'adalus. 
In Quechna, the ancient Inca language hali is still spoken in the Andes. 
it is called "kiwicha" (pronoulnced kee-wl'e,-chla).2 

Kiwicha is one of the prettiest Cl'Ops on cart h: tile treatltiflul colors 
of its broadt- leives, stems, and lowCrs--ptrple. red. gold--create fiery 
fields that bltze lcross the mountainsides. The plant glOw,s vigorOlsiyV 
tolerates d'olght. heat. atnL pests, 1n1d adlpts reitlilv to nlew en vilron
ments, including soime that are inhospitable to coinventional grain 
crops. Nonetheless. it is little known1 Otll-,ide tile highland regions of 
-cuador, Peru. l3olivia. and northxesteirn Argentinat. 

Kiwicha',, grain, are scar ccly bigger than poppy seeds. Ilowever, 
they occur ill hge irmhels--o-eties tlore thall I{t).0O)( to a plalt. 
Like other aiaranth grains, they are flavolflul and, when heated, the:y 
pop to produce a crunchy white prodltct hiat t'astes like i nutty 
popcorn. Light and crisp, it is delicious its it snack, its a cold cereal 
with milk tild Iroac;I'. as it "h'reading" on chicken oi fish. or in sweets 
with a whisper ofl honey.' The grain is also ground into flour, rolled 
into flakes. "puffed." or boiled lire IHtciuse of its highporridgeh. 
nutritional value, it is consilered espec:iallly good for children, invalids, 
a.Ind the elderly. 

These seeds ire one of tile inost rUntltious foods grown. Not only 
are they richer in protein than the rimajor e'.Creais, but the mIlllo acid 
balance of' their protein comes closer to nut ritionia! perfection for the 
hmlitnia diet than that in normal cereal grais. 

Five hundred years tgo kiwichi helpA'd feed the Incas. After the 
conquest it was nei'ly forgotten, like so mity other ancient Andean 

Ior IIOlllo H iitn onilllilillh ill g ll'li.e 'e ol ] companion report: Ainairi h. 
AI oh' I''r fM /'o.n' on An, icnf (' "rIPI. 

In r;fi, chapterc. \c u,'"ki\ic tIo icteu ,peci licit] It o) Atn rntht. (ondoln. 
Prepared this Vwl. illiallill)lh is ilta\o i rcconeL'ction il Mexico. Mht rciti P. cilled 

' Ilear,, ,."'+lh'.twhich i, ." "'hlappile Ill northern1 1 1i;I. ;I Sinfilli prOd~ lled 
"htldtom - i- ptopllill'r. 
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Cuzco. Peru In thc Peru'van Andes kiwi,:hiai is returnig it)ii "me s ieLds .ltter being
absent since the time of the Incas. In some places (for exanpe,. Linmtambo), firimers 
have switched to kiwicha because its resistance to drought and pests makes it mre 
profitable than the crops grown previously. Every market in the Cuzco rea: nosW carries 
the lasty and nutritious grain. (N. Vietmeyer) 

crops. Now kiwicha (as well as other amaranths) is undergoing a 
renaissance, and in the last few years this ancient grain is returning to 
compete with modern crops (see page 125). 

In other parts of' the world, amaranths have caught the inmaginalion 
of' farmers as well. About 500 hectares of amaranth (Mexican species) 
were grown in the United States in 1987 and the harvest was sold to 
bakeries and food markets. Indeed, cookies and breaklfst loods made 
of*anarallth are already in health food stores and some supermarkets 
fr'om New York to San Francisco. Given research, kiwicha might also 
find a place ill world agriculture, although so far it has not perl'ortied 
as well in the northern hemisphere as the Mexicat species. 

PROSPECTS 

Andean Region. As an indigenous crop, kiwicha is well adapted 
to the Andes. Given more attention, it can play an increasing role in 
Andean nutrition. Already the present small progratm in Perut has had 
notable effects; products made frotm kiwichl are appearing in open 
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markets ar! supcmarkets. and their nutritional punch has become 
known to millions, 

As kiwicha and other grain ami:ra uthIispecies heComle llore popular 
worldwide. consumipt ion will prolahly also increase ailnong ;Ill levels 
of Sotll Aineiic~m society. his, in w%turn. ill boost kiwicha's attrac
tivencss as a cash :rop, and shotil also cIIcotIrac eVell MleN sustained 
long-telll researh. he cro)p could then bIe CStablished in many 
placc, lhitighottl !he region al'ter all ab cnce of alllost 5OO years. 
lEventuailf. it could l+hecolmc atvital nttritiotial comllement to tile diets 
and in1corles of millions of 1ratditional larmi'ers. its \\ell a,, to the rural 
and urban poor. Ki. cIa rquires less processing than many d\anC;I 
crops--heals., quLilloa, uiid tarwi , for exun,IlIC----which is particularly 
important where fuel i-, limited o1 e\l+cnsiVe. 

Other Developing Areas. Vrioius ;amai, ranth species are tuscd as 
grillns, .l'cells, fodders. 'r olllailentalts -ioiunld the world. 'his is 
especially true cilcvaions tile I linalavas, where tle,illlic ltheI -u of 
aire well establi'.hcd inlltile f ilriatt.d C'roliind,. So far. ki wicha 
aarlalt is birelv kiimovkii oiitId, the Aidcts. bit the \\ork ltonc ill 

licalrbI, coild bC c\tCldL[ 
During the piast five ,ealrs there has been at nmirked I.i.:el_,,c in tile 

resecl'h anld IrodIUtou oini,rthi . StiI,,t i;1 plf',tling, arc reported 
in (hinia, India. ,it. eic v, here ,i ll'otell 

Perl lnd Cnt;lic_'c, to oiter rC'iols. 

Nepal lld etl iil o ;iili i 
occupies the raifl'ed cnroplailds. 'lhe \\il,okonc intlw inle;in count'ies 
could benflit te ,_\patthsiu )' ki,' icia 'itl ;tith ill tie.c" Coun1trics. 

Anartnth cal iMtnuoitt.dl used to itriional quality!b(c raise tile 
oi foo(sI that at lrliillnid f'rol other -,mlns 'rich a'+ cotln, rice, 

,or solrgliitn. In such ,lelds, it, fod altu is p-itisul rl , bemefic' for 
infants, childrcII. tid piergi1tIl al lIctating , omen. Nutritioiists 
hlvetopaiedaar iithU,lavortbl', ith iiilk. l - lttliicinl2 amarnth 
into diets based oil Cereals andtll(ubeI-s. il liluclh-iil'ovC'd utritional 
balance is olbtainecd. In stim, kivicha could becotmie imn1portalt source 
of proeil, vitamillns, and lili'terak , ill mny arfel. particularly il Itopical 
highlands. 

Industrialized Regions. Almlith is becomlilg in established 
specialty crop in tile Utnited States. (sly .Mexicanvecries have been 
used so far because kiwiclha types have perlormed poorly. I owever, 
selection of genlotypes that set seeds t nder long day length conditions 
seems likely to ticover htter tdapted forms. A killing frost is reqtiired 
to dry down the Ilits sil'ficien lyv to permit (hliect combine harvest. 
Amaranth is of' partictlar interest to lumIerS growing drylad crops ill 
areas of' the i-eat Plaimis. The falling aquifers and in-reasing water 
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costs make it an attractive alternative to crops with a high water 
requirement. 

Interest in amaranth (Mexican types) has spread to New Zealand 
and a few other such nations in what appears to be the beginning of a 
wide; acceptance of kiwicha and its sister species. 

USES 

The meal or flour from kiwicha grain is especially suitable for 
unleavened breads. where it can be used as tile sAe or predominant
ingredient. The flour of other ainarant hs is used in Latin America and 
in the 1-imalayas to produce t variety of fltbrCads such as tortillas 
and chapatis. 

[or making yeast-raised breads or other lea\ ened foods. kiwicha 
Icd! or flour must he blended with wheal mleatl or %heal flour because 

it lacks runctionatl gluten. Ilends tuf 80l percCnt \%.heat and 21 perCCnt
vbreha give nornl leaveningIto breads,. ald tct higch fvine content 

o the'f ki.icha earl\ imlpro\Cs t(le nutillftiolal tquality ovC Tlitt of 
I"leads m1ade v,ith wCat Hoiur alone. 

In tie form of "hole grainii. flour. itased grain pofpd grain, flakes 
or sprouted-gra in flour-kiv. -la can ie used in matny other ioods. 
iluding soups: pancakc,,: breakfast cereils: porridges: bic !d. rolls, 
mulins. ;Uld siniilar baked foods: aild Sad,. 

Kiwvicha ma\ have grCet proui se, a vegeF ibe crop as well. In
much of tli old, young IlvsI aLdI st111s of ,e\ eal other alllallth 
species arc hoiled is greens. Alhou1gh they arc virtially unlisted in 
agricultuiral saltis! ic., tile variols aralllth llay actually be tile most 
widely grown vciclablC crop in the htlnulid tiopics. 

From Ihe red varier iC, of ki\wicla is ohained a Iood coloring (called
hetalaina) that is nontoxic. It is slo\%lx degraded by lighl, but none-l 
theless has prolnise hct.ause synltheltic red dyes are Suspected of heing
health hazards. Simple methods for e\ti acling the brilliant red coloring 
have bcc, developed in Piu. l 

Alter the grain is threshed. (le kiwicha residie (slover ) he u edcan 
as a sotlce of ftder for cattle. Research in Peru has deontrated 
that it is much betler in nulritional vaitlue than the residue of other 
Andean crops. Aiidean I'armirCI traLditionally maintain their livestock 
on civp ridue duing the drv season, when forage is iuiled. 

Kiwichi also hpt, potential is i forage crop. It call rapidlly produce 
a large anount of iolnuass wil] i high protein Content, especially in 
the tropics where many high-promein f'anes yield poorly. 

I hlft,6ll1ialioln L.. lllllal.f'lolli 
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NUTRITION 

Kiwicha produces mild-tasting, cereal-like seeds that have protein 
contents of 13-18 percent, compared to about 10 percent in corn and 
other major cereal food:s. Moreover, the seeds have high levels of' 
lysine. a nutritionally essential amino acid that is deficient intLiSlally 

plant protein. For instance, the' have nearly twice the level of' lysine 
found in wheat protein. Popping and flaking seem to have no major 
effect on protein digestibility or utilization: however, heat may damage 
the protein unless care is taken.s 

Amaranth grain is also high in calcium. phosphorus, roil. potassiuL, 
zinc, vitamin 1:.atnd vitaminliB-complex. Its fiber, especially compared 
with the fiher in whel :1 the glains, is very soft alnd tine. It is not 
nececsary to separa!e it from the f1our: indeed it may he a benefit to 
human health. 
The starch grains vary 1i diameter from I to 3.5 microns, comparable 

to those in qutinoa stlarch, ald mich smallCF IhI those in wheat starch 
or*cor'nstarch. Their tiny size gives them possible uses il industry. 
They are, for exal ple, small enougil to he fired thl'otgh tile ilo/Zles 
of aerosol Calls, and may tlherefore be suitable substitutes for talc. 
which is under investigat ion tsa possible health hazard. 

AGRONOMY
 

Kiwiciv and other amaratllhs adapt to mlany .nivironieits and 
tolerate adversitv because the convert tile raw materials of soil. 
sunlight, and water inlo plant tissues by using a.n especially efficient 
type of phtoto'ynthesis. Known techuically as the (4 carhon-lixation 
pathway. tills plocess is particularly efficient at high temperature, in 
bright sunlight, and un'er dry conditions. Plnls using it tend to require 
less waler 1ha1 ilose tllat use tile tlmore comonl (3 carbon-lixalion 
pathlway. 

The crop is easy to establish. The seed is cither broadcast into the 
field or sown in rows." iMechanical planters. suCh itsthose used to 
plaint \'het;, can he adapted to planl tile tiny sced. The seeds may
gel iinate in Islittle IstlhreC days, bul tile seedlings are slow starters 
;nd are easilv overwhelmed by weeds. Once established, however, 
they growV quickly and their maintenance is relatively easy. 

lIederseo ,21i~.. IUS i 

A smlpIe pIuler, devised in PeCI.consists of a disjiosable plastic coflee cup tilled on
the bholino piece of plsiic pipe. The pipe is tiilled %klhseed. .1nd a nail holeof a shiorl 
illihebollon of the cup alto\ s the secd to dribble out as the f'armer walks along.Iliecalusc the\ le ('4 plans.alra/ine-ype herbicides show promise. 
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HARVESTING AND HANDLING 

Mlost typc mlatc in -4-6 month,. IIoxxcxcir. in "()file highland
rcgion,, they may tIakc a In,. ;, I() hil,. Yiel'ds .o(l)()-3.l)0()kg
cW sced pcr hcct arec not hhctlu~lnhlthl ip t) (6.M(H) kg pcr hcctirc his 
bcii achichicd in Ie 'ich ih lii I9W7. IilH'ui ianfaiIMicr (ining

c'impr'vd. ai'iclic's and r'adiliull II'iiliill miclhiolds) obl;ilcd ;i ha'vcst 
of 5.0t)0 kp lper hcciarc in i (-hcclaic it'in ld."

M ost~ tradiltinal kiwicha, VariCtiiC' al l chil r\ CslC'd.ilsl Ihc'o ilililtllit\. 

lii Isbccausc lhc sccd arc [lotl hcld tiglil\ in lh: , e fcclci andid,

llrc will scallcriol ihc .i)tllt \%h n life cedhicad' (1
dr\ (11. Rcsca'iChCiS 

hi til' \nidc hax c dcclopcd slraiils \%ith llpxxird-l;icilg sccdheads 
that ciadlc the scCd intil hl-Vxc,Id (sCC piclure. p;iwc 120). _ICSCl aicsuitalic l'or melcchaniiica;l h;liI\Cslil.,-. A..lso, tlec rc':aricheus hiave had 

succes 'iillth i ikaiing, iiilc Iil hidlic;l i(u'll III thr sche.s dc, clopcd Fi 
c o etil l o n a~ l s [ ili u".1hall tl. i; ', Mic ati;i nid Ii LC' ." 

LIMITAIONS 

A lc'.\ aniinth pccics are'lst iOns x\'cC(!. 'Ahich CaII Cause CoICIIn 
xwhCi il ;).\anillllilh is I)Ciilg in icciH h0 < ncxx rilaCl. IIowCvcr' tihe 
xccd \ ivflCs ilre dilinci'll dillt'Cil hIoi kixicha. which is lot i 
pCisisicil plhilt. 

Kiwichii ,Cceli, tio hi\L' dha I.llth scil til%'itx. .As notcd. th viixictics 
st I'ar tcstcdhi tic t iiitc,d S ;itcs hi;ixC lot .rmxn xxchl. aipparclill\
 
becasuc oh1dvIc illcollpaltiliilx .
vill 

)iscaC,, such dall ipi ng illlit Io1l nlcallhe c \ tCi ldainging.

I Irccu. "sist;iiicc hais been Itiid ill :crlain \ 1pes ill Pruii. The
 
hijw,&Csl pldhIell ias bcef] xeetis (kikiiui gritss is pil]ciilard irotile-

Slllc). I hand hlocilAi hNi ml [ 'i cllol)cd. thc nse o' dense
been btill 

pllillitl\ ,.tm s ploilise t iilplcs \,ccs. Al\so. it ha I ctll
most x 
hccn Ioulild that ltltin, tile clop %\ilhpliltocs sCellis to solve thexx'tccd irohic in. 

The sccds ic similri ill 'i/C to filc chill'tand to impuriics such as 
Saud. This makes it dit'licllIto x ili il the crop to obtain clcan seed.,

The slmall sccL Ni/c increasc , thc dil'icitl 01o"cstabhlishing a good
plait Slall. SIiil-CCdCd ciops rC iiirC a sh iiihOx plantill dcpth: this 
lkh scud v/e oh thc soil is plOmic 1o dryil tillO during gclmlillaitiOm and 

i i~ iiii f)ll 11114iio I.
1

c' CllI )~S.~,ti(IIii11,1 IiII'c;l\CS il l i (t h1lllg ;mnutuuil l'.ll 'i 1u ii I l i 8-,l)t ICL 
111I1-W iluuuil M CIlt' Whc't *i-p)cliC L Iiiilf' lili Is l' I ll/ I'C'%,\t" go aiitairitriplm:icllillt O l IcvckI ac~tcep hle l'a, A llill'" coIllitt'cl'I ipciljlmillu iiic 'Im\ o" .glailik.li b'ecil dICrigiil'd i c C41rll ;1llid11,iI,1t I Ci.ll,. i d chif 

friull Ilhc glaill. s int i ',fill di llit. 1 ep,1ctiltoilt,. Ililm jlil l i tllioll I. slllall. 
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Compared with other grains. research on alaranth is quite limited. 
Additional work on cultural requirements, plant breeding, food tech
nology, and nurition is needed to determine the potential and to 
discern the appropriate niche of lamaranth inl'elalion to olhcr grains. 

RESEARCH NEEDS 

Agrnomists have already improved kiwicha by hiceding plants of 
unifortm height with stLrdy, wind-resistant stalks and high-yielding
seedlihads that hold onto their seeds until they can be harvested. The 
interrelated I'Cspone,;Cs to iacomplex Varilv of'clinateCs. soil condilions. 
pests. and diseaes have also becn worked otit fr several cuiltiva's. 
Among research vet to be done i hC followviumg: 

* The further collection and eviluation of geCriplasmI to assess tie 
ange of geletic diversity. l)a',I Cngthi-neutr-al tpVl,shouild be Soight,

espccially in lie mlost solthlll IoCgnll of' ki icha's oCClrre.ncC. 
'[he Cxpalnsion of' adaptai'ility trials to stllil of' Ctl\'i, the effects 

rolnlllntal villiatioll o different landraccs. ()ne test, for example, is 
needed to dLemine if' I-Cd ilthe ilitll'., rclted withcolotat ion Is cot 

frosl resistlcc, isit is in solle othcli
Clop,.
 

e The deteritimailoti of optimal gm '.ming practice, 
 under variots 
ClvironltCllal aiidcitlttl cc1ndit ions. 

* The improvcmcit ol harvcstitig techniques lot' increasing grain
uniftmit and redtucitig contalillatio. 

* 	The improvelmnlt ofI' processing letlhod., such itsthose for 
cleaning 	 id gr'inding, the ,eds.
 

a The developimllnt lf' a.. to s'-ubstliltuc ailarianllth
,\ i popular food 
products lhat have f ot1rnttrition.il qualitv. 

TThe breaking oft l daylengtlh barrier.'- Perhaps crossing kiwicha 
with other species, stcli as, /ymcrbl,'i .s /I\'I7t'Iudriac''u or A. 
'rm'nlus, cotid cx pand the i'alrgc of latitudes where kiwicha can be
 

grown, and llayb c\ell itlCi'careas tile seed size.
 

SPECIES INFORMATION 

B'otanuical Name Alnralml.%( ttl 1,1u.1u Ii nnellnls
 
Family Atnaranthaceac
 
Synollynlns Amalro'a/11rmU.l'idi' . A ,na;auu.N1. haIcltle'.zitimus 
Connon Names 

,)i'uIchi:kiwicha, tiihiuichia, inca jataco; ataco, atakuL, sankurachi,
.jagtalrchat (E-cuadorl. milhni, coitli 

AY'nlalral. qillm.asa.
 

http:na;auu.N1
http:nttrition.il
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Spanish: kiwicha, arnaranto, trigo inca, achis, achita. chaquilla, 
sangorache, borlas.11 

Portuguiese: amaranto dc cauda 
English. amaranth, love-lies-blecding, red-hot cattail, bush green, 

Inca wheat (normally used f'or quinoa)
 
French: amarante caudlIte
 

Origin. White-secded and apparently domcsticated kiwicha has 
been found in Andean tombs more than 4,000 years old. It is not found 
in the wild, and although until recently it has been a *rustic" crop, it 
is believed that it has long been fully domesticated. 

Although never as important or imbued with such special attributes 
as the pre-Columnbian Mexican amaranths, kiwicha undoubtedly played 
an important nutritional role in pre-Conquest Andean society, partic
ularly in the region of the lican and Aymaran homelands in southern 
Peru and Bolivid. 

Description. Kiwicha is an annual, broad-leaved dicotyledon. Its 
central stem can reach 2-2.5 in at maturity, although most varieties 
are shorter. Usually, leaves and side branches form on the central 
stalk (depending on the density of plants in an area). These may start 
as low as the base of the plant (depending on variety), which, in 
general, is shaped like an irregular cylinder.I The taproot iS short and 
enlarged, with secondary roots penetrating downwards into the deeper 
soil. 

The often spect acilar lower. arid seed are in panicles that arise 
from lateral buds aid-especially-fromn the main ,,teni. In some types 
the intlorescenccs can be 90 cn long, and often look like a long, red 
cat's tail. They can he erect, semi-crecl, or lax. Each panicle has riiale 
and fema!e flowers and is sclf-pollinating (the flowers can also be wind 
pollinated). 

The fruits (pyxidia) each contain a single seed. The seeds are seldom 
larger than I mrn in dia nieter but occur in iassive numnbers. Color 
ranges hrom black through red to the more common ivory or white. 
The seed covering is shiny, and the eryiihr ' is curved around the small 
endospern (perisperm). much Is in quinoa. Unlike Lluinoa, however, 
amaranth seeds contain no bitter saponins. 

The chromosome number is usually n = 32 and occasionally =34. 

IThe nlmes "hlcdo and "hildos'" wihd ;rmar'inrh ill (asrilialial)r ,jlso used. The 
plant has also been contiusingly called "'quinua." "quin a de Castilla- (Eicuador). and 

qtrinua del valle" becau,: of lie superficial simiilayiii to quinia. 
'These side hranches are prone Io breaking away fhorn the pant Itodging). and 

harvesting heads of grain low on the plant is also more difficuli. A major goal of selection 
has been a plant with its Cled con icenlrated ar tile lop of [Ihe central stem (see page 
120). 

http:borlas.11
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Polyploidy has been induced, but results in only minor morphological 
changes. 

Horticultural Varieties. Numerous landraces have been found in 
the Andes. generally distinguished by panicle form and the color of 
stem, leaves, fruit, and seed. TrIe varieties have been selected in 
Peru. These inclUde, in particular. "'Noel Vietmeyer'" and "'Alan 
Garcia.'" File first is tall: "'rusiic" resistant to nycoplasms, sclerotinia, 
and alternaria: and yields 3-3.5 tons per hectare. Its seed is translucent 
and makes good flour and flakes. The second is short and susceptible 
to diseases. but yields 3-5 tons per hectare under good conditions. 

Over 1.200 accessions are being maintained in tile Andean region, 
with many duplicates in other areas. 

Environmental Requirements 

Daylength. Most kiwicha varieties are short-day. Cultivars exist, 
however, that flower at daylengths ranging from 12 to 16 hours. 

Rainfall. Grain amaranths have set seed in areas receiving as little 
as 200 mam. Some estimates place their moisture requirements at about 
equivalent iothose of srghnin, or -hout hallf those of corn. Although 
kiwicha will tolerate dry periods after the plallt has become established, 
reasonable moisture levels are critical for proper germination. Also, 
some moislt re is needed daring pollination. 

Altitude. Kiwicha appcars to be the only grain-amaranth species to 
thrive above 2.500t i. In tile Andes. most is gro it between 1.500 and 
3,600 ill. seaConmercial varieties arc being successfully cultivated at 
level near lnima, Peru. 

Low Temperatture. Although more cold tolerant than most grains, 
it cannot tolerate frost. Some "'cold-tolerant red lines" have been 
found that can staind temperatures of 4(C_'.'1 

High Temperalure. 35-40C. The plant grows best at 21-28C. 

Soil Type. Kiwicha grows well on soils containing widely varying 
levels of nutrients, although it does best in loose, sandy soils with high 
humus content. Genotypes that tolerate alkaline soils with p1H as high 
as 8.5 have been discovered. In addition, some with an apparent ability 
to withstand mild salinity have been identified. Other Amnaranthus 
species are renowncd for their tolerance to acid soils and aluminum 
toxicity, kiwicha probably is similar. 

Information Iron L. Stiinar. 
In triatls. kiwicha has grown well at salinily levels tipio 8 nnihos per cm, a level that 

lost conventional cereals can noi withstand. Infrnlmation front L. Stinar. 
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Quinoa
 

To the Incas, quinoa (Chmpodiunm quinu,) was a food so vital that 
it was consiIered sacred. In their language. Quechua. it is referred to 
as chi.iMva mama or llother gralill.- ]ach year. the Iica elllpelor 
broke the soil v.ith a iolerl Spade and planted Lthe first seed.' 

In the alliplano cspccially. quInoaI (lprononiiced Aim/-\v a or kc-noo
ah) is'still a staple. For nillior, a Ma1.or of protein, and itsit i,, source 
protein is of' such high quality that. nutritionmlly speaking. it often 
take,; the place of neat in the diC. ()utsidC the highlands of Argentina,
Bolivia, Chile. ('olornbia,. Ictador. ;rId Peru. however. the cultivation 
of quillua- isvirtually rnkumo r. 

Quiloil", large seedheClds aId bnrad leaves make it look ,oniething 
like a cro,,s bc ect sorghtnl It, grain is rich in protcinn ard spinaIch. 
and contains tbeCtter allinlo acid balllce thallthe proteill ill most of 
the ftLe cerls".i]. Iln earlier times this grain helped sushtin i liCawesome 
In1ca armlllic as the \ marched tlirouglout the eriipifre Oil neV conqlests. 
Tod:Iv, it is mide inlo lo<I.r for baked goods, breakfast cereals, beer, 
soups, desCrts, and even livestock feed. When cooked in water. it 
swells and becomes almost tlansparent 1h.IthaSa mil Itate and a fim 
texture like that of wild rice. a popular gourmel grain of North America. 
Traditionally, qni noa is prepared like coninriiorl rice or is used to tIhicken 
soups, but soie varieties are also popped like popcorn. 

The seeds ofmost varieties contain bit ter-tast iig constitentls (chiefly 
water-soltible sapoinirs) locat,:d in tie outer layers of the seed coat. 
Because of this. they need to be washed-a ledioIs, time-consuming 
process--or Milled to remove the seed coat. Practical. commercial 
methods for bolh processes have been developed ill reccnl years. 

Quinroa is beginning to attract scientific attention. In South America, 
governments and international agencies are extending research support. 
Moreover, in recent years, seeds have been distributed to more than 

rio quinoa almost eacrtlv 
Empire. although in ('hilequlinoa e\rttnds into te territories ut tie Araucanians. an 
exiremiely creativ CiiIIII never cu)nqtleled by [tie Incas. 

IToday. tie ClIllivt ot Coincides ilih ftie limits of tie Inca 

To[Conform with the Iosrt C.ommonEnglish L,,age, \%¢ have chosen to use htiespelting
'luinaoa rather than "qIlina." which is more isualin Spanish. 
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50 countries beyond the Andes. As a result. tile cldl o"Uincertlainly 
that has enveloped hiNgrain for tore than four centitries is beginning 
to disappear. 

Indeed. qtltio;a seems like a grain of' the ftltllre. Already elmn1and is
 
ritn in the L enited gra.in or pata can now he
Sttes,. Boxes of flotr 

iought in health fod ,to'eS ald supermnarkets front Los Angeles to 
Boston. Mole lha 750( tons of qtlhloa grain \crc sold ill 19,S. Imost 
o" it imnporlCd fronlt Souuth Americai. ,uiinoa ha, been v,idely featured 
in new\spalper and intgo/l foods for tileac'colnts of prolising lnew\ 

AnCrican dinner table. It is gcter'atn ,insilar CnlIdnsialm, along


'
co1n,. llrClill S%\it/crland. scen s likeiv to do so in mia1n. mores and 

coimnticir.
 

PROSPECTS
 

Andean Region. Wit h recent .i.adaC.sincoin mercial Methods 
for renmoving tlhe bitter inredients, a majoritpedmiutll to expanding 
cltiloa tiliitlion is being ovCr.t.'e. 'I he plnt is w.Cll adapted to 
IllanV parts ,' .here nied Ilmi aof the Andes tle mol food and betteCr 
ntrlition-Ial balInct is great. It , c ms likcl', that quinoa ,\ill become 
cvel'r More ilportlil in diets Of both 11C highlafnd ,.illaersand urb+an 
setlers. Because it is lh\\no riillrd\ a iid of caitpesint and plore 
classes. increainip its pitluctio st good \\;ia the dietsi, to imlprove 
of, the most etll seclor of' societ\. 

(.lliu , ;tlso sh s. ,port potential. The most desirable ,a'ri.ties 
are cUrrCntl. Ibest adtehdi,.d to cultvation illthe Aiidean region ilslf. 
aiil the loitg-teriil plstp.Cs for (.iulth e\ports. allholgh unlCertaill. 
sen piomising. 

Ilurca ed folreign deuand for quiloa h;is nlot a\ a,.lscant increased 
pimrdtituon v,ithii the Aides. (lReportedl,,. stuppl ha, remrined slatic 
while prices incretsed.) l)ccision iakers throughout the region shold 
11Stlihat pol-dtuction increases to fill overseas demand, and that lp)or 
people get ile naiutitln hellefit fro1n quinoa as', both a food crop and 
iaCash Crop. 

Other Developing Areas. (Q)tlillta CC.nls palictLarl\' promising 
Ili impro\ing life and ieallih m. marlginal ulpland areas. It probably 
ctul be cultivated in highuland tropical regions. stuch ais elevaled parts 
of' Ethiopia. the lliutalyis. aimd Sutlheast \sia. [he malled graiS 
and lour hold prmnie, aa , aning fTI or inlf.ant,. id.I is ioteworthy 
that child maltitritiout is common in many these areas. Also. quinoa 
is one of the best Cleapotei-co ce]ntrate sources. 

fl lmaill li n] KR (i tss"i . 

http:plstp.Cs
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isding
gain, "lTiaein. 

AI .x.0uh.r Vo01to r 

I P.eru, lar a through ('ombia in tile t. l\' 18()lS, 

w,,as 

Ih. . 2. 1t ,I 


lllbOldl observed that qou noa to tile region what "wine va t0
ili sa tie Romnrs. coilon toIt le Aabs-, lie was ewiled 11th crop


heeitse atilil irnt, was ira paiiall Ioer tie w'
starvation ord, aid he had golle It 
Smuth A mccatl'ook ing for new foods to comhat it. Iecaitlse of its high ri h e vauf

1Thor If eyerdahl fook qluioa ga in on tle raftKon T'1i. (IAIF. NI . Sa ago) 

lu,
 

Industrialized Regions. It: the United States. quinoa has I'Ound a 
llarkel in restaurants, health I o60d stores, and supermarkets. It sells 
at 'gourmet prices" and in sonic stores is outselling Wild rice. It 
should s00n inld similar demand in Europe, .lapan. Australia. and 
oller areas. 

The plant's daylength requirements (fbr flowering) are, for now. 
likelv 16olimit its successlrul cultivation in North America. Europe.
Japan anod other such industtialized areas to types that come from 
equivalen, lailudes in the Andes (l-or example, from Chile). At present, 
thse are not readily available., On the other hand. tall. late-mal nring, 
daylength-sensitive types could prove productive l'orages, a use"or 

f'oi which flowering is unnecessary. 

Despite this limitation, tile plant has already shown some promise 
intests 0f lki'm-scale cultivation in high altitudes of Colorado and at 
near' sea level in Washington and Oregon states as well as in Eiglatnd 
and Sca1ndinlavia. 

M.i sexed esported fIr food I'us beein desaponi/ed anmdo is nonviable. 
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Before file spallkh C'onquelst. qrrrroa "as apparetlky growni from sotithern Chlile !o 
northern Colombia (%%idely space~d dlot pat tern). Today'. it is mlainly restricted to Bolivia 
and Peru (dense dot pattern). where it is grown mainly inl hacky.1rdS, field mar1ginIS, and 
as anl intercrop. Inl a few area% (crosshatehing) it is cultivated as, aI sole crop. (Map 
courtesy .1. Risi C. and N. W alwey) 
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USES 

Quinoa grain, are tradilitionally toiasted or ground into flour. They 
can also he boiled, added to soups, made into breakflast foods or 
pastas. and even fermented into beer.' When cooked, they have a 
nutlike flavor, and they ie.ain seprllatC, fluffy, and chewy. QUiFuOa
flours, flakes, tortillas, pancakes. aIId putCL grains are pr'oduncCd 
comniercially in Peru and 1olivia. 

()itznoa has dellonstralted valtet as t partial wheat-flolr" slbstitllte 
for enriching unleavened bread. cakes, and cookies." Blends of" \ heat 
lon containing up to 31) pcrccnt quinoa flour prtoduce fully acceptable 
loaf breads. 

Mixing qui no ' corn.witlI whcat, barley, or potalocs produces foods 
that are both filling and nutritious. Malnourished children in Peril and 
Bolivia are now being f'cd Su.ch qtliunoa-fortilied foods %ith good results. 

The plant is soelctilcs grown ais t green %egetable. and its leaves 
are eaten fresh or cooked. It is also used as an animal feced. The leaves 
and stalks are fed to llanas. alpacas. cattle, donkeys, sheep, and 
gtiinca nigs: the rain and leaves are excellent feeds for swiic and
poultry. 

NUTRITION 

(,Qttrnoa has an excCptionally nttritious bahlacC of protein, fiat, oil,
and starch. The cmbIrFy-o takes ip t greaer prtpoF'tion of1the seeds 
than il nornmal cereals, so the protin con tent is high. Grains average
16 percent protein. bunt can contain up to 23 percent'-more than twice 
the Icvcl in Coo1111.n cereal grains. 

Moreover. the protein Is ofunustally high quality, and Ls extremely
close to the lA0 standard for htmii nutritioi. Q,)uimo's protein is 
high in the essential anliino acids lysinc, lctllionilie, and cystine,
mtaking it complemcttary both to other grains (which are notably

dLicielt in lysinc), and to legunmcs such as beans \wlhi, h are deficient
 
in llethionine and cystine).
 

As for carbohydrate,. the seed contains 58-68 percent st~arch and 5 
percent sugar. The starch granmles arlc extremely small. They contain 
about 20 percent amylose, and gelatinize in the 55-65"C' range. The 

A lightty rcii.ic.nIcd tila thilnk. oit th ilmn. l'pc+, t] " ii ha. \i , coan id 'crd 
f ti" rink tI'the Iic;i"
" I ligli-praicin cooikie, int hkci',lit c ll h. plidiccd h\ illlilig uLp o 6+ pi.ri l qulloa
flouri wilh t c ur rl'htt i i . c '':iltic tl" \ hicit-ilhiiii niiuiidl cani ikiI+t cimittriabty 
incicas d by using tLipto 41 petcell[ qllillo Iloiill'. \kilhftit afftecting atppcarance or-other 
chaaclci.,ljc, oI ftie culd lrodtlic. Inlortiiali h Ii F.1. Wcbci. 
, Inflmnalioln lrtlln 1). (u+,ll,,;c. 



New Homes for Quinoa 
Canada 

Ros'illii i, Milliiiitbi~. III tle %Cslcr-it Cnalial grmin hell, q11llil hl:I [to% heen
~i~~'tljtc',tctj l V Cve MO( fatrlni. som its I'A nmutl it tile SS llaprahlcLI a'iiier" 

repnlI viehls tui1.300) kg pi liclti ;lrnl a gotil prolit. evel n nl l~hpliuts, [Ile\ hillve1t 
tile glidil \%ilh hi;iviiig etiilleit . allo%\ t it) (Ih\ .aid thicil thiresh it uing sidiI-grii 
lttachlilc The\ e wed i ploec\eAw llin.! 11112.1 eqiliploielt. III tilei Llaiiipil)Lhice.L Miuch 
is~ colil'ilueh a homlle, but \&)lllc tillth it,, wi\ lli) [lie local tltklet\ its kkelhI'ititlo 
Canadath's licihl~itnho llithe. Althhiiii tjiiintuoi iet.iiiic little kibtir tinl tnilittjtnai gtrin., 
anis vilitelithle to etri', x',eeds id kitell[ills. tlie IiiiiieiS C\pect.--becCaIte millboth 
titeii ',iicc's aind tile %,',ide ild CtliliDIIte ;iCt.jit~iiie--hirt it trill IleCVCite. Viiable 
crop fori (:;itdi. (( ;A. Chliket 

Oppos~ite 

Since tile etil 198(k qilla hasi [)Cell CthliVai'L 01) ;1Ii-i;tI NliS ilt high aihliude ill tile 
(,lld Rocesc. especialkv ill tile Salt I rri" Valley. Cotnventi tinal clops prolduce porltI 
here, bi1t li ti Irat111e produed cilinmoi valietics that thike. Comimteerial pitoductiloli 
bepan itl tile mItid- 190s aitd ltus ben rising slt(iilv evet since. Qitititli it flowv all 
eta~blishedt Citp hot ipilie Mc (arlalltlids Challentginig .(Jvttttter 
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fat content is 4-9 percent. if which ahott hal is IinoIic acid. al 
c.sential ftty acid Ii the human diet. Calcium and piospho>,I s-aud 
irol illmost Var'ietis-also occIl illhigher allulltIs Ihan illother 
grains. 

linirtill'itolllal cotlletll, qlliiuoa leaves compare aI'vol'ahly to other 
Ilal'.kvLtalCs-,pinlacIh, Ifor eaml. WhenlI fields ale thinned. 
the ofT ke is utsed eclilc glcens. I.eil niultient Coucentrates of 
qiilloa have very low v\'alues ol nirilate and oxalate, \which ar both 
alntinutitCyeiatoiS.) 

AGRONOMY 

rIl [the A'ndes. qillioa is nlornilally' prop1agilted by broadcaSting2 Seed 
o\er ihle land and raking it into tihe soil. Sonetines it is Sown in 
larilM\A.. s lltlows. The cd hed Iitst he \\cll prepaell and well 

drained. oithe secds arcasil\ killed bM :uiticrloggiin. Seedling growtlh 
is e\trroridiilaril\ 'ast. Thie gr'o lh period fro planting to harvest 
1"lnc's f'li ) t1]]1) ta\ ,,. r ganid' ri in0 onl. teill .'\ nipcllcali 

MlChiniaetl -rOlliliol ha ',IccIi 'clcs'sfl ii illSollllh Alnifuica. 
" lot i s ese d) he 

tUSetl 1'0[liii lljriiOa kilh lilCe(ioiIt)riiilica'tiolu 

N'l'acllrii eil,'fu ' ii ll ilNCCL!s (IIi'tiCtllar'l_ I'ilp Caill 
. 

HARVESTING AND HANDLING 

l1illiirs 1a1% \arialh v. which
 
inIcieases tie dillicrll (1o'riCChrilli atiol. 'Ihs. Lip to tihe present.
 
lvtlVCS!iIIhas IbCC do0 lir2rcelv b\ hand and Onl' rarely by machine.
 

Natiie e\'lrrCiuCl pe'ioLds o1' nllatll'if 

The graii yield ol'tei rachcs 3.0(1 kg pc'r fieciare aiind sonetiies goes 
as high as 50") kg per hecare. " hIc'h i ,'ouiri'ile to wheat yields 
inllitilIe A ld,anale l.', 

I landlirg involvoes threlig tiliescedlcads. ,\ifililo'ing tihe Seed to 
emiove thelhusk. ,ll rving IirlSt be eSPecially dryil li 'eed. (Seed 

when stored Iecaise it L-cllillles so quLickl'. 
As holtedl.tile Seed of' liost qililioa validtics muist ble prcdlz ,t 

belfie ise to I'Ili'ove tihe bitter sipoliris In tire iorm'alll household, 

Illlnt1'iiil r i R . (CiI,,,ll. 
!" liilc S Cdt'ill iiiii. l i It1;IS3,.IIlileililc"illI211- til)yn , i ,iifiprc't r\p' . 

In llilllii fii k ( ,liki. l'll.cr illil i o liljl i Ic'\ cd illlile '.S. t',ii'itfic Noillh\ strm Iit, . 
in9010.l1 i \ It~ill, l,,itisl ti a il,%clilb lttlll\k iilillr illliiill in]Cool. illoi, 
,Jiri I,, ill i;. I lC .hit I 111C i t 1 r ll.Cit', \pi Cii\c,l 0'lt h hCtic, _,l iii0 111 C it'lll 
]ikilor i;llillrllilIR. \'ilt'). 

In rype Iicir I'lntll sliallI-ph il Iiiht l. u itIn;il,in (' iiiruid .'e. I.-'.lhd. inlir I1 11J. IaShi. 
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this is done by soaking, washing, and rubbing. 0)n a commercial scalc,
 
mechanical milling, or a i jxed washing anlid nilliig proced tre, arC the
 
most corm mon met hods.
 
The gcrCn IleavCs and seICllS 11l'2
a nutritious teed. Md the prospect 

of' psing them tsfOragce is attrativ.'Apart l'rom the grain. qnlinoa has 
eCCn rlepl+orCd 1t po-0duce 4 ton, per hectare of dry lattcr containing 

I8 e l-cent protein. I: Inl test plots in southern Swede:. leaves have 
proluce-d up to 1) ) ko per hectare of' extractable protein al'tcr 70 
day' o'gro.t,i 

LIMITATIONS 

(1titloa's arroulollic limita';ons include problcms with wceds. lodg
ing, alnd the difficult\ 0f' harvest. If'
the harvst iSnot properly tiled, 
shattirig ocutrS with large lllss of' sCd. Moreoe'Cr'. deciditgr on an 
exact harvesting time is, becauSe panicles f'rom the same plantdif'licult 
umtir at dift'',1rut times. lcre;riuethescding rtlc courtage,s the 
plant to0 prO1UCC onl\ a main p+aricle. hich rliperuns more tunikli'0:nly.

lIosses to lpet,, and disecascs,,are1 2ererallv Io%., hit as quint;a1 
becolles more icni\ and dcl more soioS problemsjllt c v ,11l111red. 
are likel\ to emergec.' 

RESEARCH NEEDS 

The possibilities oflimprovinLg qitiloa gcencicallv are most promising. 
especially ',itlhiri tIre AndeanI region. VaiiMS iaces contali many 
desirable characIcristic , aId a,the gerret ics of t(liiiOl h O111 beterm 
understoot I it Seems lkel,, that t.p,, will emerge that can compete 
on an elqual or f'avoramblc f0oting with other grains, hoth inl traditional 
fanrnitg 11(1large-scale Coul)'r,,rc.irl prodrct0i. 

(ermpla' h in Argentina. B~olivia. Chile.,collection should coirtinui 
('olori:. llIldor., arid l crrr., csp.cllvh Inremrote here quiWrara oa 

( ll ill:itl ll iiI mtir,2 i i , i,'l irI llitliioil ;llldi hl hiti.ll. v ,I C ll C n1tltci11 
In t..lh ,Iiilhl,Cinl ,i il SoIIIIh \ mtlica lt t t ied sltale". ,nmall-val.d . +.tc , ir 
dtehtii in e_I,ic.p ,kc nh ilh, tlgsl t.. (tJ l(d, . , ml1 i t. g9;ImC.lil'llC dll,.it',110W ih1 0 lli ol'dIr ln!1 .i,. )lR 

i!p.' ( ';t,,i I'thS+ I)U!,,CSI It' ; (Illl~ CilllII;1i )0lqi;i mi, I I.N. Il. It L'hdtitILIL'hhIit. 
oIvilIo . Illel -adl o".u%, toII lll ll1,im OlS Il£ O.N). P1111o[t , ICI'h Ill 'l1l( '1011101(I',l+ l! dt' Chl'-

Itop,,/)+i,+ + ,(It,. . , Id;,it t lI nI IIIIl iI.,:I I I . P IuII .1 07, t :m - a+ionai 
1:',\'ellh+ight- ;wIll ll lll he, po,.1,i . Ill M 111;1. Iioi1 N 'tll tt,+11 

% p Ic I i tIL;,I(.. I P I+i. 
II; loll ,n .
 

111",1
lllo~lllflomtlRs ("iilsmm~.
 
u c~ I)CS+l, diSC.,CS',,' ill ('()nSC it) 

Iilterna:itm lIde e,I+',Is Ihogen I,.,f II'I 1: Tap'ia o: 1979Tt: 

M OW,~C0 11lp ,.t iC ,.'ICin, 01" LIllt+;i~ ;Illlt :li._¢olllitilICtt 
I+r,.,, ic..,,, I. 19 I tL.. ;1 IL RiSi 11nd 

(Gal\,,'. l41i.l. 
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is a staple crop and where many relict cultivars are threatened with 
imnlinent extinction. Particular .ttetiol should be paid to harsh sites, 
such as the salt flats (.Sahures), where quinoa's strengt s are likely to 
be most obvious. 

Further research is needed inl tile a'ea, Of adaptation, culture, and 
varietal ilprovement. Some varieties with distinctive flavors that nmy
be pIeferred for Ce'ltlil LS es,. Stch ats nrILckS anid cereals, deserv,e 
additional consideration. The adaptabili v of differenl ctiltivars to Salt 
stress ienrits special note. 

Standard a.tgrolloiic research should includC ill\Csigations ofl"weed 
control, plant density. crop-rotatioll sequCices, and planting dates. 
The pLuten[tial yield of quinoa iS possibly even higher than it iS for the 
true cereals, and the plant has an extraordinary response to fcrtilier. 

Fo'r Lise illuiechanized agriculture (nota.bly outside the Andes). types 
might be developed thtl are Short. t.br nched, high ill seed-to-steill 
ralio, and that Clirrll their seedheads aboVe the he t\o CIllhIoliiige So 
he easily separated. Aread\ some t,,pes are known that produce 
single seedhead oil top, and v hen grown at high dellsit',:hey are 
relat ivel% bianchless. 

Processing The toxicitv of sapolinllshould be furlher deined, and 
iheir role in pest control and nutrition assessed. large-seeded. high
saponin types night be the moie est-resisanlt and tile llost cost
effective to piocess. Melhods of reillo'ilng (alld utilizing) saponhis 
merit further slildv." 

Agronomy Ad agrictiltrnl eqtilipiiiet usLIedanced fr other crops
should I'e tIo qliiinoa. Agronoric and biological conitrolsfurther adapled 
of pests (ilcludlng trlitional approaches) shoudh be tlrher e\'aled, 
in con jiunction wilh chemical praclices. In particular, resistance to 
downy IildewvIneeds to be bred into Coilllllercil ,tltitvlrs. 

Nutritional Improvement A proteini f'r;ctl.onatit Insttdy iats sht,wn 
that the proportions of albulin, globulin, prolliiine. and glutelini va-y
for different species, and \ithin Ilth frnctions. tie ainiio-acid comn

'position varies 'htns, it be possible select ta lot. mnay to or breed 
stuper-qulitIly-protein quinoa, as hats been done with corn. i, 

Intlullt;i oli lloi .1.,' l l ll l. 
'lcoolut \licitn iLiL'licirl hili irentl, too coist], it)he praclical. Ifitscoos-

Cilcl lvcc ould eI IIbel1'med fI'ft .\jliplte i'saponills hecolll Comuercially Imoe 
;b1leh., tile coliolilie ii11oe t)i' qliilo;i %%ild be ivs irtd. 

Se ciiij,'lilo enll(f}o' tRIIv.I'n, 
. lion ll epl',)ll. ,Ali:c.NaionlatlSee,colm~ t , 

Q1111lil\v-l'roleii' R,._'sirch [.'tincil. 1988 . 
Nalthitm l :+ad,,.'lyrC',.WVa,,hilngloll,
.. D.C.' 
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SPECIES INFORMATION 

Botanical Name Chenopodiwn quinoa Willdenow 
Family Chenopodiaceae 
Common Names 

Quechua: kiuna, quinua, parca 
Ayara.' sipha, lopa, .j 2plha..j1uira, aara, ccallapi, Vocali 
Chibcha: suba, pasca 
Alupl1C/': qUinhu!aLl 
Spanish: qufilua, qtlfnoa. quinqua. kinoa, trigrillo, trigo inca, arrocillo, 

arroz del Peru 
Portitg,'cse,: arroz mitido do Peri, cspinafie do Peru, quinoa 
English:quinoa. qUinua, kinoa, sweet quinoa, white quinoa, Peruvian 

rice, Inca rice 
t'rench: anserine quinoa, riz de P6rou. petit riz de Prou, qUinoa 
Italian:qUinua, chinua 
Gerntan: Rcisspinat. peruanischer Reisspinat. Rcismelde, Reis-

Gerwacks 

Origin. Quinoa was probably domesticated in several locations
perhaps in the Bolivian, Ecuadorian, and Peruvian Andes between 
3.000 and 5,00) years ago. Quinoat and potatoes apparently were the 
staple loods of many ancient highland societies. 

Description. Quino is an antrbil, broad-leaved. dicotyledonous 
herb isually standing aboat 1-2 m h. The woody central stem 
carries alternate leavcs. generally pubesccnt . powdery, smooth (rarely) 
to lobed: it may be either branched or unbranched, depending on 
variety and sowing density, and may be green, red, or purple. 'Fle 
branching taproot , normally 20-25 cm long, forMs a doese web of' 
rootlets that pellet rate to aboUt the same depth as the heigLt of the 
plant. 

The leafy flower Cltusters (paniclcs) arise predominantly from the 
top of tile plant and also from Il'junctions (axils) on the stem. The 
panicles have a central axis fron which a secondary axis emerges
either with flowers (amarantlilorm), or bearing a tertiary axis carrying 
the flowers (glomcrulifforni). The small, clustered flowers have no 
petals. They are generally bisexual and self-fcrtilizing. I 

The dry, seedlike f'rlit is ;n achlene about 2 mm in diameter (250
500 seeds per g). enclosed in the dryish, persistent calyx (perigonium) 
that is the same color as the plant. A hard, shiny, four-Layered fruit 

I"Separate male and femIale flowcm occur in a few cases. Information from J. Rea. 
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wall (pericarp) encloses each "'seed," and contains 0-6 percent bitter 
saponins. The seed is usually somewhat flat. and is normally pale 
yellow. but may vary from almost white through pink, orange, or red 
to brown and black. The cnbryo can be tip to 60 percent of' the seed 
weight. It forms t Jine around the endosperm that loosens when the 
heed is cooked. 

Horticultural Varieties. The cultivated plant shows great variabil
ity, and there is an enormous range of diversity. It has thus fir defied 
classification into botanical vaijeties and, as with corn. the various 
forms are termed "races" or strains. A classification based on ecotype 
recognizes five basic categories:2' 

* Valley type. (rown in Andeatn valleys from 2,000-3,60(0 in, these 
are tall, branched, ind have long gro\mlh periods. 

0 Altiplano type. lFound around Lake Titicaca. these are frost hardy, 
short, unbranched, and have short grot li periods and comlplct 
seedheads. 

* Sala type. Native to the salt I;-ls in the Bolivian altiplano, these 
are hardy, atpted io salty, alkaline soil, and have hitter, high-protein 
seeds. 

* Sea level t1yp,._. Found in soithe'n Chile (mid-height), these are 
mostIv t nbranchcd hl g-day plants with yellow, bitter seeds. 

0 Slibtropical type located in inter-Andean valleys of iBoli via, 
these are intense greeii plants that turn orange at maturity and have 
small, white or yellow-orange seeds. 

The research of' lie past decades has prodtced several cultivars, 
selected Mrid bred for their tlCraiice to heat nd cold, resistance to 
disease, and for othCr desirable characteristics. Perhaps tile oldest and 
mOSt widespread of the new varieties are Kancolla and Blanca de 
Junin (selected in 195(1 in Perui) and Saijama (selected in Bolivia in the 
1960s). SaJana is particularly interesting ats it has large. v lite seeds, 
no saponi ns, and tinder good conditions will yield 3,000 kg per hectare. 
In the early 1980s, a new sweet variety vas obtai ned at Cu ZCo (l'om 
Colombian material) and named "Ntarifio." 

Peru and Bolivia have tile most extensive collections ol'these dif'ferent 
races, each having over 2.001 ecolype samples. Other collections exist 
in Chile, Argenti na, lcuador. Colombiat, lhe United States, Fngland, 
and the Soviet Union. 
'"This is haised largely on 'I ;pia c A-t.. 1979. and em nptuiecsigronomic difTerences. 
(;rndarilh,',. Cliphali/ing orlanical dtitl.rencc-,. has recogniied at Ica'l 17 races (hased 
onl nloresccOWC. m teal, seed) iniles becomeplanl [01111. and whose have standard 
liminrology. (0)herSyslems have been haed on seed color. lslte_. or olher end-product 
dilelefnnce,. 
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Environmental Requirements. This plant is highly variable. There 
is no One quinoa, and this rustic crop is more or less a complex of 
subspecies, varieties, and landraces. However. the tollowing are its 
general environmental tolerances. 

Daylength. Qui noa shows various photoperiod responses, froni 
short-day requirements (for flowering) near the equator to no response 
in Chile.2' 

Rainfall. 300-1.000 niin.'- Rainfall conditions vary greatly with 
variety and COttnt ry of origin. SoLtlhelll'l Chilean varieties get nuch 
rain. altiplano varieties get little. As with any grain crop, quinoa grows
best with well-distributed rainftnll dturing earl,,' ,rowtl and dr'y condi
tions d ,in mttnuration and harvest. It can withstand excessive 
aoUInlts of rainfall during early growti and developmient oil tile other 
hand, it is notable for its droughl Iolerance. especially during hate 
gowth IIand seed matturt!ion.:' 

Altitude. Quinoa ranges fron sea level in Chile (36's) and coastal 
PeruLto over 4,00t0t) in in the Anrdes near the elatmtor. It iSgrown mainly, 
however, between 2,500 and 4,000til. 

LoLL Temperattre. Quinoa tolerates i wide range of temperatures. 
The plant is norlally tnaffcCLed by light frost 1-IC") at atl stage of 
development, except during flowering. Quinoa flowers are sensitive to 
frost (tile pollen is sterilized), so mid-stminer frosts (which do happen 
in the high Andes) can deStIroy tile crop. AlthoLgh temperatures below 
- I"C damage mtost types, some hardy tyvpes withstand even lower 
[ellpe lit ures. 

High Tempelwlure. '[hC phtnl Ontorates but does not tlhrive in 
temperatures above 35'V. 

Soil Type. Qutinoa can giow in I wide range of soil acidities, from 
p1i 0 to pi 8.5. It tolerates infertility, moderate salinity, and low base
satttration levels. 

21Intnrn1,6lntio n It. Wilson.Fron 
'liraditional Andean igrictltuit pnlractices. slch as illicrocai Clhuicnl[f ieitsfor l. solewa 

times allow worthwhile production in areas vith as little as 100 min of rain during lthe 
growing season. nfoluiaition froin 1). C(isack. 
' I)uring the severs 1983 drouight in PItno, Peru,. quinoa was essentially ihe only grain 
crop that protluced uuselul yields. 



PART III 

Legumes 

For much of their protein supply, the Incas depended on the common 
bean, a plant of Central American and Mexican origin. But at high 
elevations the comnion bean perlorms badly-it grows slowly and its 
seeds take too long to cook because water boils at lower temnperatures. 
As a result. ancient Andean peoples developed their own legumes: the 
large-seeded lima hean (se,- opposite), basul,I. ufas, and tlarwi. 

It is important to give more research attention to all of these. While 
enormous resources have been expended illIrcent decades on grasses 
such as rice, wheat, corn, sorghum, iInd barley. in developing countries 
especially, the advancement of legumes has lagged. Yet the cultivation 
of legumes is tlie most practical and quickest way to augment the 
production of* food proteins. 

This section details the little-known Andean legtumes basul, nufias, 
and 1rwi. The underexploited promise of the lIima bean is detailed in 
a coip:aion report.1 Ahipa and pacay (ice-cream beans) are also 
legumes, 'hut are handled in tile roots and l'ruits sections of this report 
(see pages 39 and 277). 

All of' the Andean legumes described here have shown unusual 
promise. Basul and pacay are tree crops with exceptional potential for 
use in reforestation and the reclamation of wasteland. '[he nufias are 
particularl y interesting because the kernels burst upon heating, which 
makes them a bean counterpart of' popcorn. This characteristic i:; 
especially useful since the grains become edible without the need for 
grinding or extensive cooking. And tarwi rivals soybean-the world's 
premier protein crop-in its composition and nutritive value. 

I See Comrlpanion reporl. )opical I.egtm't.:ThR'eso r Ilure'. National ResearchfU'
i/,th 
Council. 1979. Nalional Academy Press, Washingion, D.C. 
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THE LIMA BEAN
 

TO provide pt'rspective oilfit pos.%iblh' .iurtadoptiot, of I/t Itider
exploited Aldean legumes desc~rihed in the fdoi,'tilng vection, it.¥ems 
instruttcive to consider f/it,.sttcce.s 0/ I/tioe And'an le ,unle tlint has 
ah'read'v ac'hiev'ed worldwvide, 1't'1ll-1l'l. 

The modern. large-seeded beans I'ha.woht.d backIilma n Inatus) trace 
to Peru. Indeed. they are named for the cit\ where they wcre prohably 
picked tipand distriblted throughi the world. Europeans first elcotll
tered the plant 400 years ago illl.e vicinity of what is now Lima. 

Large linia beans s', knomi to the Icas and their predecessors,etcrs ell 

especially in the river vallevs cuttling across 
tilecoastal desert of Peru.
 
Wild types are foItntd in parts of' the Alics from Pert to Argentina.
 

emo\ver. othei it 1I1;1\ hl\e first been doLmCsicated
like inaux species. 

on the e;sterl slope of tileAn|ideal highlands in w,\arm. humid lands.
 
Bt. it so. tilepeople o teile CSler side of the Andes learned to
 
appreciate it ilt an earls tiue. +imaos 1;ase been fou0nd in e.XcasVations in
 
coastal Peri dated at ()()00-5(fi) B.C'. A small-seeded I(sieoaI t )pe is fotuld
 
in Central America 'iiidNi,"ico. bit the earliest record of it is 50OO-300
 
t.C. Thus,. there proal, U crc tss tseparale dotmestication', of different
 
lima bean strains: the s'mall type in Central Americl. the large type in
 
South America.
 

Exactly htm lirna beans left the Anicricas is not kttw'n, but since the
 
tinle of, ('olihihis tle\ have becoite s,idet\ listribtute,. p'rticularly in
 
the tropics. In tact. tlhe are one of the tihost \sidel\ cttltis'ated pIlse
 
Crops. both il lillerate and subtropica! regiolls. Spanish galleons took 
tile srnltli-see.Ldj type acloss tilePacilic to the Philippirles. alid l'lollthere
 
it 	spreatl thmtgh Asia. It is toss \idlel\ grown illiurma. ll, illtlance. 

Stave trledrs m't'tml to ,.\frica. At in early dlate. theytook limits Bra/il 
reached Madagascar. It is now\ tnain pulse crop in the rai,A forests oftile 

tropical Africa. tn tiany such areas. limu heals hatve ecaped flrom1 
ciltivi'tion antd maintaii them,1Sels it a silt stitle. They are exported 

name butter beans") I'ltllo 
The sieva type had atre:tdy beCI spread fIrOllMexico and C'ettraI 

America t New l.England by tie lime Itllropeall,; rrived. The large-seeded 
Peruvian limia typt, are kllo\n to hae'e been carried by Ship. perhaps as 
a ciriosity, to be gross nl ta fiarmn in New York Stale ill1824. 

'today, both large-seeded litnt heans and sievas are an important United 
States crop. gros, ,fr canning. freeZing. tLl ptotLuctittn of drieth heats. 
They are also imptatnt as :t fresh vegetltblc---cortntn|ercial pl'otilIction 
running to more than 10000.(f0 tolls each Cat. chiefly in Calil'ornia. 

(1tldet the "white 	 Maldagascar. 





Basul
 

Agrotore.,try is gaining widespread recognition and research these 
(Lays. InI this agricultural system, shrubs and trees are grown together 
with food or plantation crops, and sometimes with livestock as a third 
parttlcr. Such systems Cal be highly prodLicliVe and resistant to 
perturbation. and they represeilt a laJor thrust in the program., 
emphaizing sustainahle agrictlIturiC. Indeed. agoforCstry is seen as 
one sl11tioll t the factlihI tile developing world will soon contail 
500 million more persons than it, CLIrrent land resourIices caln support.I 

One of' tile least known but perhaps most promising candidlates for" 
inclusion in aerofl'oriestry Is basul (e:rvulhrin clui.0 This smallish treel . 
is nItivc to th Andll recion fomll wCSIernI Velneztlela to Southern 
Bolivia It is vigorou , fastI-groxiIg LId prccioCuIs, a pioCer species 
that colonize, neIl' cleared sites. 

lIasul (pro1nnCed bah-.Aoo/)hIS 10[ widCly known even in tile Andes. 
Yet it is foulid in imny backyard i"rleCns anild along property houndaries 
as a beautiful *,living I'nce.'" I lowevcr. si"ice pre-Coltumb1ian times it 
has hcen grown less for its beauiy than for its large. edible seeds. 
flasul is one of the few\ tree., that provides a basic fodstuLiT. It is a 
legume slpc.ics and i!s seeds, like those of other legumes (also called 
beans, grain legunues, or pulses, are iinportanl sources of food both 
f'or hllniillS and ails,S. It could Ibe siil that bastil is the "tIree bean 
of the Andes." 

Basul is an ilmportllt food crop because it grows in areas where 
seasonal food delicits occur of'ten. In these "'famintie sea .lS," its dried 
seeds are an important nutritional salcty net. They are Used particularly 
in the monthsjust before field crops are ready to harvest-a lime when 
the previous year' s harvest is ollen depleted and food is scarce. This 
tree-bean can theii make tile difference between health Iiand maluLtri
tion. Beans are rich in protein, and b;Iasii seeds complement the starch
rich cereals or root crops that makc ip tile bulk of' food consumed by 
the poor. Moreover, the amino acids in its protein complement those 
found in cereals and r'oots. 

.as to A.I).,Ifh s iouIIcome pICdicied occur hy 2000i1) assIImting present levels of'iagrictitiural inpulj, il a fece rcport oi lie UN Food and Agriculltire (rganization. 
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For all its importance as a fbod, this tree produces more th.1n .just
beans. Indeed, it is one of' the most versatile of' all woody species. It 
supplies lumber lor construction. poles for fencing. anl Wood for fuel. 
Its I trgei-rich leaves are Ied to ali ials arid are used to mulch the 
gardcn. Its edible O'llrg flowel's a'C used to deIor'aCte aind seasoii foods.
Aid, although hastIi is niot lly grownl I'i hole CO tilmpltion, it is used 
itsICaish1 Clo')pt\is Cli-ilC pols being xCtllIIlgCd anlIOng families or 
sold illmllrii'kCs.
 

The living trees ale llso i1p1r0rt1 tlhemsClveC, lVastI is one of' tihe
easiest trecs to growv. Sections of' steii-evel large oncs-ilke rloot 
readikl and tbcctie living iand lorig-I:rsting fli'ce Post,. A bastil hedge
requires litt!e cafrc lnd.Once Cstab1lishCd, can live for decadeils. The 
tree cta.n IIsfoalso he s10idiii! cof'f'ec. cocoaI. tld otfher stil-serisitive 
ci'Ops. Vines--srich ;isipp crbtlc ;and grape--gc dtolble benelit 
because the\ also use rni'k,ti tree as ,supports As t leplllillMlIS
tI'ee. it stipplics nitogen thtl I'Ctilites tire soil irollld it. BcCattsC of' 
this it is 'nolletiriics Called t "' rse tre.'' 

l)eqpite its extremie vcrsatilit bhatsul is f'lr outsideso little kno\ i 
tile Andles. 1rt-\ ilhi esperate iced of' dcvehopiig coutriCs f'oi' 
f'ood. 'lurage. fire ood, paper. other \wod producls. rel'orcstation. and
 
er'"Sioll corntrol-it is wotlh 
lllich iiiore recognition 111a it now
receri es. 

PROSPECTS
 

The Andes. \groromic research iitnied at regu larizing tlie pro
tctiori Of' istill e\tlldgraCly enhance its commercial rise andlmight

elevalte it to one of, the Iiiost prevalent and uscltd trees alliong lhe 
region's rural l lpopt.ttils. lccaluse of' its "'ot'l-seasoll' seed prodtc
tioni bastl ispotentially vital Ikr0health and survival ill times of food 
scarcity. ()wing to its robuLstnCss. itcan Ilegro\k I]on urutised patches
of land as tsolrce of "''minet I'kO. ".f'.amincfeed.'" aid other critical 
pIrodtirs. (;iIen orlgaIIi1ed prI-odtiCtior itcould also make some "waste
lands" productive.
 

Other Developing Areas. Any crop that can be raised for home 
co stlmpt ion to improve Lu rinrignutrition tirues of' scarcity isVrtliy
of, increased attention, not only inthe Andes, bilt inother parts of the 
rn-opicS Iswell. VCrxsttile tree ci'ops tial yield iswellI'od isother 
products are extremelv tlseiti ill tile lives of tie rural pool, aid ofei'r 
iniportal a.dvantagCs to fir-iriie'silIimny developing countries. 
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Because bacteria in its root nodules fix atmospheric nitrogen and 
because its fallen leaves enrich soil, basul is particularly promising for 
ameliorating the effects of soil impoverishment. It is also promising
for Lse in reforestation, one of the most pressing of all environmental 
concerns. 

Industrialized Regions. For regions outside Af'rica, Asia, and 
Latin America, basul is not a promising resource. The tree is killed 
by frost and has little or no potential for cultivation in North America,
Europe, or other temperate regions, nor is there much need Ir its 
seeds there. 

USES 

The large, soflt, succulent seeds are usually boiled in water with a
little salt and are served as a side dish to corn, cassava, bread, or 
potatoes. They are sometimes mashed with cheese and are also fried. 
They should not he eaten raw. 

The leaves and immature pods of' this legume al'e used to feed cattle,
pigs, sheep, guinea pigs, and chickens. In one agroforestry system,
basul trees shade tihe aninils while cover crops between the trees 
provide additional fodder. Meanwhile. the animal droppings help the 
trees remain productive.
 

As noted, the basul tree is widely 
 used as a living fence. 11isfast 
growing, stout spined, easily planted. and almost nmaintenance free. 

NUTRITION 

The seeds contain about 20 percent protein on a dry-weight basis.2 
Their amino-acid balance is similar to that of other legumes-rich in 
lysine, for example. Their limiting amino acids are methionine and 
tryptophan, both of' which are also low in other legunles. They have 
a good balance of inorganic nutrients, particularly phosphorus. 

AGRONOMY
 

BIasol can be easily propagated by several methods. Its mature seeds 
germinate well and the young plants grow vigorously. Superior spec
imens can easily be propagated by stem cuttings, and, as noted, 

-Perez ct al..197'). 
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bra nches stuck in the ground will sprout. Grafted trees begin producing 
seeds within 1-2 years of planting. 

Small birds are the normal pollinators. The brilliant red flowers 
provide I rich and abundant nectar, an important food and water 
source for the birds at certain times of the year. 

HARVESTING AND HANDLING 

Although basul pods come from trees, they are harvested and 
processed niich like beans. As with most legumes, the pods mature 
at slightly different times, ard several pickings are necessary. However,
unlike most plants, basul yields seasonal harvests twice a year. A 
single tree can yield as much as 200 kg of' seed each yca'.

As the seeds dry out, they pull away 1'rom the pod wall and can be 
leadily removed. 

LIMITATIONS 

Care must he taken to ensure that one is dealing with the right species.
In some places the common name "basul" is applied to species other 
than E'r 't1ri,1 ('1dulis. This coUld lead to a serious mistake, because 
the seeds of' many other 1r'rithrinaspecies are poisonous even when 
cooked. (However, these aire small and hard and are unlikely to be 
confused by knowledgeable people.) As already noted], they cannot be 
eaten raw. 

The seeds are said to be rarely used in soups because they darken 
the Soup and allgive if a hitter flavor. (This is perhaps bccause of' 
interaction with the netal pot.) 

All Er'thrina species are susceptible to insect borers that invade 
the heartwood. Proper care (and perhaps [Ise of pesticides) can prevent
the young trees fron being destroyed. As the tree ages it seems to 
become resistant to the borers. 

Basul is susceptible to extended droughts. (Grafting it onto Ervthrina 
f,dh'la rootstock greatly increases its drought tolerance.3 ) 

RESEARCH NEEDS 

Among research topics for this species are the following. 

Baseline Survey Traditional production methods should be surveyed
and analyzcd. Topics for investigation include planting density, pest
control, pruning, harvesting, and tree maintenance. 

'Informamiji from I. Icnla V. 



170 ILOST C( )PS OFTHlE INCAS 

Genetic Improvement Provenance evaluation for high yield. large 
seed size, ple:ising taste. fast growth, and adaptabi lity,should be made. 
Most erythrinas are sel -sterile and reqtiile cross-pollination, an im
pediment 10r high flritl set. Whcther hasul requires this has not been 
reported and should be checked. 

Nutritional Research Ntitritional trials could help denonstrate di
etary importance. Details of :amino acid and ' italin compositions are 
lacking. Toxicological antlyesI, sh l bC OAdutCitd on the seeds as 
a precaution. 

Animal Production Trials All \v+oodv plants that Provide feed for 
livestock dCNCrve ge'tIrl" rcCogtnition in animal Production in tropical 
I'Cgions. Bl'OCsellhrubs aId tlC, colllllllllCllt (alld ofCi benClit) 

,hehaICeO'ti)s pastll'e spCie , atld Call Ile CI'LalC01 t0 the lutitioll-evel 
the survival-of aniumls., epcci:ill\ during drought. \0hcn shallow
rooted species shrivel to strav. Ilovcr, cattle are said to eat only 
limited qluantiliCs of ervthrin a leaves. l.\Xplorator\ trials usinlg basul 
are called for. 

Basul tIces li\ andMtrogcn, their protein-rich foliage,wvith pods, 
and secds a, \kcliasthcir genelral robustness, they might enorlously 
benlit dl celoping colantr\ rclorestalion and soil-ilprovement pro
wrarns" inl the future. 

SPECIES INFORMATION 

Botallical Naiiii I&,r1/,ria c/ i/uI 'IrKina 
"anily I.egiinilnosac ( abaccac) 

Synionymi I..r&,a,uinu1'.\(o 
0 111llll111ili Namest' 

.pf('vl.: bastil, halti. antilpurUtlU.iibalu.. chachafruto, chafruto, sa
chafrilo, sachapilUllto, cali, frisol clh6. iiopa.S (Colonmbia); P1tiJUr 
IPerlU): sachaPoroto., sac.ha, prlntlu (AreiCltina. Bolivia) 

Origin. Unknown, althoigh the sCels a1'C fould in early burial 
sites. Biasil is a selnidolniesticalC. and wvild 'ol'mns arC ab)undlant at the 
transition zone bctv.Cen hiLIhland anid 'orest. 

Description. Biastil is aitice 8-10 ill tall with triloliate leaves. The 
trunk bcars, stout, conical spines,, and the young branches are thorny. 
The I\Mo-pctlalcd. red. lieshyv Iloxvers l'ace upward, forining a large cLIp 
in \%hich nectar galhers. 
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The 20-31) cm long seed pod is greenish purple, leathery, and spongy.
It is smooth and nearly cylindrical, with constrictions between the 1
10 large, light-brown, glossy seeds (each 2.5-3.5 cm in diameter). 

Horicuttural Varieties. None. 

Environmental Requirements 

Daylenytlh. Basul's requirements are unknown, but other members 
of the genus set seed to the limits of the subtropics. 

Rainfall. 450-1,800 ram. 

Altitude. Generally grown between 1,800 and 2,200 m in the central 
Andes: bet ween 1.110 and 2,700 m in Colombia. 

Low Temperature. Unknown, but probabl about 5C. 

High Temnpera ture. Unknown. 

Soil Types. Apparently widely adaptable. 



j-)d
 



Nufias (Popping Beans)
 

Like most present day Latin Americans, the Incas and their ancestors 
depended on boiled heans (li)jOh's) for much of' thcir nourishment. 
Many lived so high in the mountains, however, thalt they couldn't cook 
ordinary dry beans-water boils at too low a temperature Lip there.' 
To circumvent this, they used a remat kable bean known as the nuia.
 

NLufias (pronounced nom-yas are a type of' the cornIliOI1 bean
 
(Iha.scolu. iulus :they are roughly the bean counterpart of popcorn.
,i. 
Heated with a littlc ct. nuIflas "urst out o.f their seed coats. The effect 
is less dratnat ic than popping popcorn-nftas don't fly in the air: they 
open like small butterflies spreading their wings. 2The resulting product 
is sol't and tastes somewhat like roastLd peantS. 

Nufias 10o much like cornimon heans, but they are hard shelled. 
They come i r many striking colors and patterns: wile, red, and black
spotted, for instance. During cooking, the heat and moisture build up 
steam inside, and the hard shell arnd rounnd shape mean that it can 
escape only by bu tlSrlig out. 

From EcuLador to soLthern Peru. unmias arc grown ahove 2,500 ni 
altitude. They are prodned mainly for home consumption and are 
much more common in hon.-es than in markets. Nonetheless, they are 
often sold as part of a mixture of beans to he iincorporated into Soutps. 

That nufias are unknown out side the Andes seems surprising. For 
industrialized nations, these popping beans could be a new and 
nutritious snack food. For developing nation1S, they could he a. tasty 
source of high-quality/ protein. Toasting nu fias requires 1f1r less fuel 
than boiling beans, an inportanrt ecoroniic (and ienvironmental) con
sideration in regions where fuel is scarce. In addition to having 
nutritional and energy-saving attributes, the plant is a nitrogen-fixing 

' Common bean, can he cooked at hiplh elevation: it simply takes a lo[g time ;and at lot
of fuel, which is usually dilicuill to Cone h\ in the tIeeless uplands. Ever at low 
allitud.,., sNc varieties take hours tt) cook properly. 
+Stricit, speaking, they don't pop. They birst . and are more like toasted maize tcancha 
or :hlpio. which is best known oltside the Antics unde r the brand name "CornNuts." 
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Other Developing Areas. For many Third World areas, the nufia's 
greatest inherent quality is its relatively low requirements for cooking 
fuel-a critical consideration where deforestation is acute or kerosene 
expensive, 

This crop's close relationship to the comnmon bean suggests that it 
cotuld grow well and he readily adapted in regions iar beyond its 
present range. So far, however, it seems best adapted to tile montane 
tropics. lt ttire research will likely give it broader adaptability. 

Industrialized Regions. Ntifias could be a new and nutritious 
snack food with potential for North America. 11rope. J ipan, and 
other indu',triilized areas. This situnat ion is analogous to the discovery 
of popcorn or roasted peanuts by the modern world. This remains to 
be tested, however. Some crops from very high elevations-and nufias 
may be one---arc highly resticted in their adaptive range. AlthouLgh 
there is at possibility that they require the high light intensity and. 
perhaps. the high altitude to retain their popping quality, this is 
probal ly not the case (see later). 

USES 

In the central and northern Andes of" Petm, nuijmas are prepared in 
traditional ways much like popcorn. They :re toasted for 5-1I) minutes 
in aIhot frying pn, which i:.. usually coated with vegetable oil or animal 

aft . The seed coat splits in two or more places, often between the 
cotyledons. The toasted produIct is served at main meals as a side 
dish, is eaten as a snack, and-in southern Peru-is often sold to 
totlri'isl 5. 

NUTRITION 

Nutrient levels are high and similar to those of the common bean. 
The protein content is abott 22 percent." 

AGRONOMY 

Agronomic techniques aire the sanie as Io coninion beans. Because 
of its viny habit, tile tinfia plant in tlie Andes is almost always 
interplanted with corn so it can climb on the stalks. 

They work well in iricrowave ovens, too. .uI. rn|tioion flom L. n uimar. 
' For instance, niIIas ale i the stopS Of the Machuomon01111111 IaclIf aLld ( )11atlaytal lbo1 
Picchu tomfist train. 
" In rniation frlom V. ()ri/. 
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Out-crossing contributes to a small gene flow, resulting in seeds 
with a gradient of "nufit-ness." Because of this, the capacity to pop 
can range fron 30 to 90 percent of a given batch. "1"o prevent cross
pollination, nufias are grown in different parits of lthe field from common 
dry beans and string beans. 

HARVESTING AND HANDLING 

In he 	highlands, harvests occur 5-9 mont lis after planting. Ilowever, 
rn ea.t 25°C an temperature, nuias mature in about 80 days. 7 Yields 

appear t( he similar to those of other traditional varieties of Colmmlllonl 
bean. 

LIM ITATIONS 

There has been little modern genetic improvement of this crop. Its 
yields can he erratic and. when compared with other bean varieties, 
it is relatively .jsceptible to pests and diseases." 

The presence of flatulence-fprodutci rig factors could limit its accept
ance. Severity. however, varies greatly with the strain. its preparation, 
and probably with the (,ther fbos witi which it is eaten. 

RESEARCH NEEDS 

For a crop on which little recent research has heen expended, almost 
,,'verything about nuilas needs testing aind assessment . One basic need 
is etin)botanical investigations of tile plant's protduction and use in 
the Andes. Particular consideration shotuld be given to its cult ivation 
and agronomic char-cteristics, as well as to tile ways in which it is 
prepared. 

In addition, research is needed to determine the plant's range and 
ecological requirements, and to identil*y aInd protect different types of' 
avaiiable gerniplasin, much of which has heen lost already. 

Information from J. White. 
The (_cntro Intei-iacion l tic Agpictilt a Tropical (('IAT) in (ali. (Colomhia. is now 

actively trying Io in trodttce lestal,-e to illap tlln di eases (stuch ;Ia bean common 
mos')ic 	\' l anid aihracn ) it day-nelln ! p tlopelr lo responise. anid a bulsh growth
habit. Information from .t.While.
 
"in the 1950,, and 19oo1,. a pfogi:in iti the . niversidad Nicional Agrariai l.a Molina,

Peru. collectedl niflas extelun vlty ill the Pel.vian highlands and sub.Iected the differen 
types in tests. Research repors otl this program. wich was later dropped, shotuld he 
replblished. 
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It is important 1to Uinderstand what controls Ihe popping qutali ies. 
The uniquc plroperlties thilt enable toasting are now unknown. They
Imlay include seed shape, inelastic seed cot, or the quality or qunallity 
of, stored st:irch. 

A test is needed th;t call dcterIninc \ hClhCr a certain rolnd bean 
is in fact a nlulii. At the momIn tlln. iS no0 cerltain rccognition, andtherC 
developing such a test is neccssar hoth 'or the national marketing of 
the crop and for underslanding tile genetic control of, the nll-fa's 
intrinsic characteristics. 

A maior step in proitoling itilas is oltaining basic iloilation otil 
the popped Iloduct. A,,nilysis o lllriCil an1d biochemitlry of tlhe 

NUNAS IN THE UNITED STATES 

In tilepast. file'rcsilri-hcrs Mlo kiltC\\ Itilis \wCr uncertainitlll 

whether ihcse poppin lican, could succeed outside the high Andes. They 
tholght Ill the plianlt iihl gr 1onl\ ;i high alliuttes 0or Cquatlrial 
lililldCs. ThCy lsio tCeared thal tile lpOPpilg character of'tlic bcans might 
disappearce nClif thC plant Colld be gio) 11Oltside its Cqliltolial highlanid 
home. In addinl. soic expressed the capacily to popopillion llat thile 
imighl occilur only inllue l' ciidharesceld sulil-dried secds. (Old nllls, it 
is riltnored illti vkill not pop.tl \lidCt: 

Now, howevei. it sCelslil Ictihe 197.hat C , llCill1tlinded. Ill tihe 
U.S. I)epalliiclt olAgliciltuire (to replellish gerlillasiii illit'seed bank) 
gic\ 14-year-old nunis siicccssiullil in i Wlasihit.Wasltingt n. The sitc is 
in the temperate /ono, at i high latitude (47 N) and tow alitude l2l0 il).

In 1988, SltpheCn ( '. SlMCah , at i l, resCircher. ICld sOllic of the 
seeds and I'und that even i!c" It)\ears ot slorage il4 ()tihe had lost 
tiolleol their popping chiracteristics---l le shlo%, i'dgood iiut[li-nts" by

cxploditig to dotlc theirlsi/c altcr only 90 sCcollnds Ol Ihol-air gun (see 
page 1741. Indeed. thecs I0-cai-lld cullipcraltc-grown" bcans popped 
Just as well as nllillisnehowl\' halcsted in (oloimbia.


Alitligh the nuifulis plant is nm% %cll known only ill
a relatively small 
region of the kkordd. tlce iesulls siggcl Ihat ii fiilrC it iliay becollie I 
widely available. nuwtritilous. tasly, and filcl-conserving ood. Only its 
rCqIlieitill I'm short dtyleillth e ns likely to initially limit its spread. 
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seeds is needed, including protein content, amino acid composition 
and nutritional availabilty, carbohydrate content and composition, at 
content and fitty acid mnakeup, energy availability, and functional 
characteristics. e Style of preparationicause of its radically different 
from normal bCals. it i . important that the perccntage of ultilizahle 
protein be assessed,. (Auliiictabolic factorS may be lcss dcact ivated 
during a Ifev mllinutlsC, of toasting than ill Several hturS of boiling, 
although, %%ilh the higher temperature. this sems ilmprobble.) 

Collections of secd should he made at the southernmost limits of 
nuaia cultivation, and trials to identify types adaptcd for long daylCngt h 
should be Net ip. In addition, anv other nethod,, for circumventing 
daylcneth limitations should be investigated. I' Stucclul trials are 
likely to be the key to unlocking the miiina's globad potential. Ilhowever, 
breeding for other traits is also needed becaue the plants are currently 
late-inatturing. tall and vCak, and susceptible to diseases sIuch as 
ant hracilose. 

SPECIES INFORMATION 

Botanical Name I't.w vil.,',riv I innacus 
Family I Cgtliiinosac (I ah'ceac) 
( onlnin NaiIles 

(_)iu'I,.'u: fini-as (('ajalarca. L.a I ibcrtad, Tritjillo, Lima): numia 
llalnllco). nnillhia (,Ancash, nudin and hudia (Cuizco). kopuro (IBo

livia): chui. poroto, pllutlu, porotillo 
,Spalli.%h: nunas
 
llg,lih: nltnas, popping heart,,. ppbea
pls 

Origin. ()bservations ofl'ancient heans discovered at the Gliitarrero 
Cave in Ancash, Periu. indicatc that niufias nay have been available 
11.000 years ago.' Thus. ntii,1as existed well ,ofore the Incas. and 
perhaps before the coinum tfri ol) type, itself. P.-2atise of their ancient 
beginnings. nifinas have been called ''a kind n'aess of the first steps 
of plant domLcstication." 

Description. The rphology of' tIh nlnima plant is identical to that 
of the common beal. It is an indeterminate. clinling vine (2-3 in tall) 
that produces a large mbiher of ipods from ablundant ftowers that !It' 
primarily sCl'-ferlilizCd. Bush lypes iay exist, but are unreported. 

Like the common bean, each pod contains 5-7 seeds. Most seeds 

%Volk ;I C .I i, ,Jms\,ill h tooi operiotd u'IcIIIviI Iln;ly hc ovL'IcrIc1L. tlfoligh Ilse 
f li iur ell+iliod,,,.'lct\nr lil J. W hile.iihofh lt h1 


'' Foi I'mliehr ilol[,lllionl. ,,,c,Kaplan and Kaplan. 11)88N. 
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are nearly spherical (occasionally oval), and range between 0.5 and 
0.9 cm in diameter. Different strains have diverse coloration-white, 
yellow, gray, blue, purple, red, brown, black, and mixed. 

Horticultural Strains. In the northern Peruvian Andes. where 
nufias are almost a staple, the most common color forms marketed 
arc gray and white speckled ( nifiampva), light red (inufra maid), dark 
blue (nufia aziti) and gray (nufia plnam). Within the vicinity of 
Cajahamba (near Cajanmrca ) and I-Ita machuco (1.ia Libertad), there 
are scores 0f distinct types differing in seCd size. shape. and .olor. 

Although there are no discernible differences in taste between 
different types of nitfras, there isvar'iation iII the capacity tot'pop." 
This quLIality is recognized by farmers and con su mers: strains that pop 
the best are valuied tlie most in the markets. The nufla pavIa (also
called ''. '/ is held iilparlicularly high regard.I There is a white 
nulal: (it (a'it de palotal'" (pigeon egg). which isjabanllba called "'c'o 

otstandig in popping ability, taste, and crunchiness. In Cajatamba

there 11;also it red atnd whItC m1ottled nulfii called 'lra.
 

tOCrn Ades of 
appear to be close ly reltCd to tihe noUfia. These arc itually roasted 
(15-30 minutes) in cither gypstm pehbles (pacha.t or sand. rather than 
oil. They arC called rlfxW010 and arc fOnnd only in certain 

IIIthe so Ari ICr, several strains of'I'/Iasuolix• vglis 

" (/V MI/ 
valleys, certain markets. aid On special days. Thcv ionot pop, but 
the seed coat breaks Open . and the shell comes off to leave a very 
dry. bthl tasty. product. 

Environmental Requirements' 
Daylenglh. As noted. certain ririfra types are highly photoperiod 

sensitive. This sensitivit, increases with growing temperature. 

Rainfall. 00--1,300 fim throtighoti! the growing season. 

Allitude. 1,800-3,000) ilin Peru 

Low Temperature. 2-5°C: firost sIsceptible 

High Temperature. About 25°C: may be intolerant of' even mod
erately hot conditions. 

Soil 7Jpe. As with modcrn beans. Nitrogen-hixing is more effective 
in light, wCll-drainld soiis because of better Rhiobiunm growth. 

'The cclrcl of prodoclion of t' Iltila is, tie ('ilacocha district of southern Cajanarca. 
* tlnlbrI ation froni .I. Rii. 
' Ntfias have s'eldom been grown outide rtie central Andes, and tie oilier limits of ItIe 
plant's environmentalatrecqti rc core are unknowni. The figur here are, therefore, 
indicantivc, but not dcfinitive. 





Tarwi
 

On the face of it, it is surprising that tarwi (Lupinus inutabilis) has 
not been developed as an international crop. Its seeds contain more 
than 40 percent protein-as much as or more than peas, beans, 
soybeans, and peanuts-the world's premier protein crops. In addition,
its seeds contain almost 20 percent oil-as much as soybeans and 
several other oilseed crops. Tarwil thus would appear to be a ready 
source of protein for food and feed as well as a good !ource of 
vegetable oil for cooking, margarine, and othe; processed fod prod-
LICKS 

One of the most beautiful food crops, tarwi (t'onouncCd tar-wee)
could also qualify as an ornamental. Its brilliant blue blossoms 
bespangle the upland fields of the Indians of'Peru, Bolivia, and Ecuador. 
Indeed, corn, potato, quinoa, and tarwi together form the basis of the 
highland Indian's diet. In Cuzco, the former Inca capital, baskets of 
the usually bone-white tarwi seeds are a customary sight in the markets. 
The seeds are most often served in soups. 

Tarwi seeds are outstandingly nutritious. The protein they contain 
is rich in lysine, the nutritionally vital amino acid. Mixing tarwi and 
cereals makes a food that, in its balance of amino acids, is almost 
ideal for humans. With its outstanding composition, tarwi might become 
another "soybean" ia importance. 2 Because of this pos:;ibility, re
searchers in countries as far-flting as Peru, Chile, Mexico, England,
the Soviet Union, Poland, East and West Germany, South Africa, and 
Australia have initiated tarwi research. 

This "Pioneer" species can be cultivated on marginal soils. Its 
strong taproot loosens soil and (because it is a legume) its surface 
roots collect nitrogen from the air. Both of' these abilities benefit the 
land in which it is grown. 

SAlsowidely known as "'chocho.' At aI 1986 conference of the International Lupin
Association, the name "Andean tupin" was proposed for international use.'This is not as improhable as it seems. Sixty years ago the soybean was hardly known 
outside Asia; today it is America's third largest crop and is a vital part of the economics
of Brazil and several other non-Asian nations. Like tarwi it requires processing to rid 
its seeds of adverse components. 
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Despite all its qualities, tarwi is almost unknown aisaIcrop ouLtside 
the Andes. It has been held back m1inly because its seeds are bitter. 
Howcvcr. this can be overcome. The bitter principles (alkaloids) are 
water soluhle, ,ind they re traditionally removed by soaking the seeds 
Ior several days in running water. Technology' now has modernized 
the process to the point where it be done incan a matter of hours. 
Also, in another approach te removing the hitterness, geneticists in 
several countries have created "sweet'" vaieties whose seeds are 
almost free of bitterness and need little or no washing. These efforts 
woUld appear to pave tile way for a future role for tarwi in world 
agriiculture. 

PROSPECTS
 

Andean Region. Talrwi is found from Venezuela to northern Chile 
and Argentina, and in this area it is already getting modern attention. 
lngineers in Peru and Chile have developed machinery to debitter 
tarwi seeds. Indeed, smlll indtstrial instllaitions aIre now operating a1t 
Cuzco aILnd 1lluanlrcaiyo in Peru.' Thei r prodict is being used to feed 
schoolchildren and to produce ii line of ceieals. Also, researchers in 
Chile lnd Bolivia have created v:rietie.S with only one-thIsintlth of 
tIle alkaloid levels Ibuind in bitter types. 

Given these aldvalnces. tirv i ut ivtition and use should expand in 
the Andes. This is significant because the crop is importantan 

contributolr to the ntitilional well-being ofInllny caipesinos for whol
 
malt 1is,lixiiry. The highland diet IS low in protein a1ind ca1lor'ies, aind
 
the qullity proteil antld
high oil content of' tatwi seed provide a double
 
nu'tritiol:l benelit.
 

Other Developing Areas. The lengthy process of washing the
 
seeds his preViosly hindlred Iiarwi 's int IodtlCt ion to areas outside the
 
Andes. However, the sweet 
 types could make the plant into 1mnajor
 
crop for tropical highlands an] fOr inunber of' tenperate regions. So
 
far it isbarely known out side of South America, hul a hopeful sign is
 
thit in Chapingo, Mexico, tarrwi has produced high yields of seed.4
 

pilot plants arc'h'lhese capable (If piocessing 7,0 l.onsof 'secd per year into vegetable
oil and rfItt protein. The (ielman government organization U iZ ()eulsche Gesellschaft 
ftr Technische Z.uuunmenal lhi, Il.ag-llainmarskjold-Weg I.1I-6236 Eschborn I)has 
spe;arhteaded supportl t-.. investigation and deveoploment of tarwi. 
•Ihlorlllion li'ron .1. Etcwlcvers. 
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crop, able to fix as much as 400 kg of nitrogen per hectare. Much of 
the nitrogenous product remains in the soil and becomes available to 
succeeding crops. With the hig prices and shortages of this essential 
fertilizer element, tarwi could become increasiigly important in crop
rotation system,. 5 

NUTRITION 

As noted, the seeds are exceptionally nutritious. Protein and oil 
make up more than half their weight. In a survey of seed from more 
than 300 different genotypes, protein content varied from 41 to 51 
percem (average 46 percent): oil conteM vi~red-in roughly ;nverse 
proporion-from 24 to 14 percent (average 20 Percent)." Ren;oving 
the secd co t and grinding the remaining kernel yields; a flol, r that 
contains moi, than 50 percent protein. 

Tarwi protein has adequate amounts of the essential amino acids 
lysinc and cy,,tine, but has only 25-30 percent of the methionine 
required to support optimal growth in ai;rnals. The protein digestibility 
and nutritional value ar:: reportedly equivalent to those of soyban.1 

Tarwi oil is light colored and acceptanle k r kitchen use. It is toughly 
equivalent to peanut oil, and i..relatively rich in unsaturated tatty 
acids, I0clditIg the nutritionally essc otial linoleic acid. 

TI-e seeds' fiber content is not excessive, and they are thought to 
be good sources of nutritionally important minerals.5 

AGRONOMY
 

Like most Andean crops, tarvi is hardy and adaptable. It is easily 
phnted and tolerates f'ro.it, drought, a wide range of soils, and many 
pe';ts. Its soft-skinned seeds germinate rapidly, producing vigorous, 
rapid-growing seedlings.9 Robust vegetative growth co-itinues'through
out the growing season arid the plants become tmiss-s of foliage topped 
by showy purplisn-blue flowers.', Most fields, howkever, remain under 
I in tall and at the end of the season bear many tiers of pods, held 
high above the ieaves. Ehach pod contains the be;,like seeds that are 
white, speckled, mottled, or black. 

'For centuries. tarwi has been an important component inthe traditional crop rotations 
of the Andes. 11i.likely tha: tauwi's alkaloids are a facthor in controlling potato nematodes 
vhen the two crops are rot:ited, Information from M. 'iapia. 
lnfo'mation from R. Gro, s. 
Ortiz et at., 1975. 
Pakendorfel :d.. 19/3.
However, the young plant often remains in a state of suspended growth for several 

weeks, during which tine it ik ,cry susceptible to pests. 
" On Taquile Isand in Lake Titicaca, there is a variety with ros.-colored flowers. 
Inlornination from T. Plowman. 
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Reportedly, the green-matter production considerably exceeds that 
of the commercial European hipin species (L.upinus al/ms and L. 
httetis). In experiment. in the Soviet Union, the plant produced 50 
tons per hectare of green matter containing 1.75 tons of protein per 
hectare. ' 

Many forms of the plant resist the lupinosis fungus, which sometimes 
kills livestock that feed on the foliage of other lupin species. 2 Also, 
many ecotypes are resistant to lupin nlildews and rots." 

HARVESTING AND HANDLING 

Unlike many luipin species, tarwi pods do not split and shed their 
seed on the ground. Ancient Indian cultivators probably selected plants 
that held their seed until t hey could be harvested. 

As noted, the water-soluble alkaloids must be washed out before 
the ,ecds can he e:'n. 

LIMITATIONS 

As already stttcd, tar%wi's most serious knowvn liability is the alkaloids 
in its seeds. Apart fron that. its long vegetative cycle during and after 
flowering is a major limitation. 

Because thcre has been little agronomic improvement of tarw., the 
available cultivars are primitive. Most have indeterminate growth and 
produce multiple tiers of flowers. Unless drought or cold causes the 
plant>; to -dry down," they kcep on flowering endlessly. Continuous 
flowcring boosts yiends and can be a good thing for a small farmer 
because it meians a continuing source of fb0d. Hlowcver. it also means 
that pods ripen at different times, and for ;alargc-scale farmer this 
greatly hi nders harvest ing, espccialyv if nmc! I nerv is used. 

Also, currert tarwi cultivars requir iC growing season as long as 5
11 months to fully ripen their seeds. In temperate zones, .his mean, 
that the seeds do not always ripen before the onset of winter. In the 
Andean highlands, the drought season starts as the p-.nts begin
ripening. thus bringing the flowering Io tnatnraI end. 

Compared with other commercial hupin crops f'or example, 1,u1pinus 
an u ')iis or L. ht'vuus), tarw] has a lower leaf to stem ratio, so that/gusliif 
it produces fewer seeds than would be expected from such a mass of 
vegetation. 

liricher, 1968. 
Van jaarsveld and Krox-I)a vies, 1974. 
iThese ecoty pes are nol yem in inlcnsive cultivation, however. Information from K.W. 

Pakendorf. 
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Tarwi cross-pollinates so readily (the percentage of outcrossing may 
exceed 10 percent) that to preserve specific cultigens, such as low
alkaloid types, may require a specia! system of seed production and 
distribution. This factor particularly limits the increase of "sweet" 
tarwi in the Andes because of the recessive inheritance of the genes 
for low-alkaloid types and because bitter types are always nearby. 
Elsewhere (for example, in parts of North America), wild lupines 4 

may be a source of pollen pollution. 
Current types are particularly sensitive to alternaria, a fungal disease 

that de:,troyed a large area of the crop in Peru in one recent year. 

RESEARCH NEEDS 

Eliminating problems caused by the bitter alkaloids would help tarwi 
advance as a world crop." Research is needed into improving the 
technology of debittering the seeds on a large scale. Also, the nonbitter 
varieties should be advanced to commercialization. 

From the research already completed, it seems that strains with 
almost no alkaloids are available in nature or can be created artificially. 
The challenge now is to make them stable, so that the low alkaloid 
content is inherited uniformly by succeding generations.'" Also, the 
initial low-alkaloid strains have been proven highly susceptible to 
insect attack. Breeding programs should seek plants that have alkaloids 
in the leaves but not in the seeds.' 7 

Research to boost yield is also needed. Today, many flowers fail to 
set seed. Studies of pollination and fertility could point the way to 
helping the plant to approach its potential. (The failure to set seed is 
a characteristic of all lupins, and research on other species may also 
benefit tarwi.) 

In any breeding program, high priority should be given to selecting 
early-maturing varieties for areas where growing seasons are short (for 
example, temperate latitudes and semiarid areas with short rainy 
seasons) Early-maturing types may also suffer ,.'ss damage from pests 

11"Lupine' is the standard American spel'ing: 'lupin" is slandaru elswhcre. We suggest 
that the former be reserved for undoniesticated species and lic Iatter for the domesticated
 
species.
 
" However, ;t may not be vilal. Several staple foods require elaborate processing before
 
they are safe koeat. Cassava iS an example.
 
,, This has been ochieved b, F. von Baer (see Research Contacts). The stable, sweet
 
line. called "inli,'" hats heen crteated through successive breeding that has reduced the
 
alkaloid content to a levcl belot '1.003 percent while maintaining 51 percent protein and
 
16 percent oil. The seeds are :,,all. however, and the yielus lower than normal. Both
 
problems seem likely to be overcome soon.
 
" A method that uses specially prepared reagent paper to screen for the presence of
 
alkaloids is already available. Information from E. Nowacki.
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and diseases. In addition, selection tor mutants with a single short 
flowering period is needed. (Such determinate types have been located 
in southern Peru and Bolivia and probably can also be found elsewhere 
in the Andes.11) Synchronous ripening would be particularly useful in 
many locations dependent on mechanical harvesting. 

Adaptability trials should be conducted in different parts of the 
world. Other cultivated lupins are fairly specific in their temperature 
and soil requirements: tarwi. too. might prove to have limited adapt
ability. 

Practical tests of the seeds in food products should be undertaken. 
This is likely to generate a demand that will stimulate commercial 
production, especially in the high Andes. 

SPECIES INFORMATION 

Botanical Name Lupinus nulubilis Sweet 
Family legumi nosae lFabaceae) 
Common Names 

Quchua. tarwi 
A./v ."1-Ltat i 
Spanish: altramuz (Spain). chocho (Ecuador and northern Peru), 

tarhui (southern Peru and Bolivia), chuchus muti tB3olivia) 
En.livsh: tarwi. pearl lupin. Andean lupin 

Origin. Pre-lnca people domesticated this lupin more than 1,500 
years ago, and it became a significant protcin contributor to the region's 
food supply. It provides a common motif on both ancient and modern 
ceramics and we.vings. 

Description. Tarwi is an crect annual, growing 1-2.5 tall, withm 
r, hollow. highly branched stem and short taproot. The showy, multi
colored purple to blue flowers (each with a yellowish spot) are held 
high above the digitate leaves. To attract pollinating insects, the flowers 
cxude a honeylike aroma. 

The hairy, 5-10 cm long pods are flattened, about 2 cm across, and 
contain 2-6 (or more) ovoid seeds 0.6-1.0 cm across. 

Horticultural Varieties. Many ecotypes and landraces exist 
throughout the central Andes. As mentioned, South American re
sc.ic'ers have begun selecting for higher, more uniform yields and 
less bitter seeds. However, standardized varieties are not yet available. 

'" Information from E. von Baer, 

http:Andes.11
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Germplasm collections are maintained at the Universidad del Cuzco 
in Peru; at the Estaci6n Gorbea in Chile; at the Institute of Plant 
Genetics in Poznan, Poland; in East Germany; and in the U.S.S.R. 

Environmental Requirements. The plant is native to tropical 
latitudes (from I°N io 220S) hut occurs mainly in cool valleys and 
basins at high altitudes. Thus it is a crop for cool climtes (tropical 
highlands and temperate regions), not for the humid or arid tropics. 

Daylength. Apparentl\ neutral. Tawi will flower and set seed both 
in the short (12-hoIr) tropical days and in the longer suminlcr days in 
temperate zones. 

Rainfall. The limits are tuknown., but tlarwi \ ilhstands exceptional 
levels of drought. 

Altitude. Fron Colobia to loli via this species grows in the Andes 
at altitudes from 800 inl to ,l over 3,000 in. In Australia, Europe, 
and California. it has been gro vn iat or near sea level. 

Low Temperaturc. "'arwi is semihaurdy. Mature plants are frost 
r-sistant: voting plants are frost sensitive. 

High Temperature. Unknown. 

Soil Type. The plant is tolerant of. sandy and acid soils. but in acid 
soils the production of rhizolhiim i, very poor. 

Related Species. The genus L.upitu.s is very diverse, with nore 
than 100 different species in the New World and a smaller number in 
the Mediterranean region. Other than tarwi, all agriculturally important 
lupins derive from Mediterranean species. These, too, have important 
global promise. 

The seed of Mediterranean lipins were rendered free of' toxic 
alkaloids in the late 1920s and 1930s by the German researcher R. von 
Sengbusch, who isolated lowv-alkaloid ("sveet") strains. These are 
now used as feed and fodder in Europe (especially the Soviet Union 
and Poland), the United States, Australia. and South Africa. 

Of pirticular note iS tle nailowleaf lupi n (t.pintus angustifolitus). 
Nonbitter types with soft seed coats were discovered in Germany in 
the 1920s. Through 2(1 years of' dedicated selection, the Australian 
scientist John S. (iladstones developed an early-maturing, sweet
seeded, nonshattering type. It is nowv widely planted in Western 
Australia as livestock feed. and its grain is exported to Europe. 



PART IV 

Vegetables 

Fresh vegetables are increasingly popular today owing to a growing
appreciation of their importance in human nutrition. They supply
vitamins, minerals, trace element;, dietary fiber, and some protein.
They tend to be particularly rich in vitamins A and C. However, 
people are also consuming more because vegetables provide the diet 
with variety, flavor, and zest. 

Nevertheless, millions of people, particularly in the tropics, do not 
get enough. Indeed, the lack of fresh vegetables is often so serious in 
the tropical diet that it contributes to mal nutrition. Vegetables are 
especially important for providing much-needed vitamins and minerals 
to malnourished children in particular, and the current lack of them is 
a serious concern. For example, lack of vitamin A-an abundant 
ingredient in many colored vegetables-is the world's maJor nutritional 
deficiency and the leading cause of blindness in children in Africa and 
elsewhere. 

Vegetables are good for both subsistence and commercial use. They 
produce the most fbod per area planted and they grow quickly. There 
is every indication that their production will increase in importance, 
especially for a large proportion of the world's neediest people.

This section describes two groups of promising, but little-known, 
Andean native vegetables: pt )pers and squashes and their relatives. 
These provided the Incas and their predecessors with food, and they
show outstanding promise to improve the nutrition of peoples in many 
parts of the world today. Both squashes and peppers are popular
throughout the world, but the species described here are unknown 
outside the Andes.' They offer good nutrition, many new tastes, and 
potential new crops for scores of countries. 

'Botanically speaking, peppers and squashes are fruits, but they are not normally used 
as dessert fruits, and in this book we have collected them in this section on vegetables. 
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HOW THE TOMATO SUCCEEDED 

To pro'ide perspectireon lvtsih, latrejIu 'egetahh's iescribed 
in the following section, it is hrlplud to consider the unustutal de,'ehopment 
of another vegetabh' with ati Andean origin, the tomato. 

The tonato derive,, froni a genus of' weedy Andean plants with red. 
orange, or green berries of' currant although ancientto cherry size. 131.11 
graves have viclded remnants o! ,iozens o" different native Andean food 
crops, nothing indi:atcs that tomatoes were ever CUltivated for food in 
their ancient homeland. No samples or pottery depictions have been 
f'otnd. 

However, although it was not a food of the Incas, by the time of the 
Spanish Conquest the cherry tomato had reachcd Mexico and apparently 
was being CultiVatCd and eaten there, at least in a small wav. Indeed, the 
plant's comnmon name derives I"oni the Mexican (actually Nahuatfl) word 
"-tomnatl.-" 

The tomato apparently reached E'Lurope in 1523. However. fOr at least 
another century, it rnmaincd largely Unappreciated. AlthoLgh by I100 it 
had spread throuLghouL Furope, almost everywhere it wvas regarded as 
toxic and as t imere curiosity, the *'ptpnme d'tntouro" or "love apple."* 

The first tomato seeds to cross the Atlanti': undoLbtcdly went to Spain
' *and were of yellow-fruited varieties. It is thought that they were quickly 

passed on to Italy, probably through the kingdom of Naples, which had 
come under Spanish rule in 1522. Italians were the first people anywhere 
to show real enthusiasm for the tomato as a I'0d. It was in Italy that the 
large-lruited tomatoes of' commerce first gained acceptance. Eventually, 
this -nonftood of' the Incas'" becanc synonymous with Italian cluisinc
the base for satces to go on pastas fron lasagna to linguine. 

A!though Italians eagerly accepted the plant, northern Europeans 
stubbornly resisted. They started coisum ing tomatoes on a large scale 
only in the second half of' the last century. To them, the smell of the 
plant's foliage was said to be as revolting its the thought that southern 
Europeans would eat the Iruit. 

European voyagers spread the tomato to Southeast Asia before 165(0 
and to North America by about tile time of' the American Revolition. 
Thomas Jefferson had tomatoes ill his garden by 1781. For another 

'The whole plant is of a ranke an I stinking savotr." said John Gerard (t/ Il'rbaii 
or Gt'nerall ilistorico/'lant.s. 1597 reprinted 1984, Apt. Ilks., Inc.. New%Yolk) under 
the heading 'Apples of' ILove." Pierandrea Mattioli described it as M to i.%Wltsl
"unhealthy apple.
*+ In France, ()livier de Serres, agronomist under Henry IV. wrole that "love apples 
are marvelous and golden." Iis enthusiasm, however, was not necessarily for their 
taste, for, lie continued, "they serve commonly to cover outhouses and arbors.' 
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century, however, Americans regarded the plant with suspicion. Even 
into the 1900s there was much doubt about possible toxicity and adverse 
health effects. To eat a raw tomato was generally believed to be suicidal 
Only by prolonged cooking, it was widely reported. could tile tomato's 
venom be neutralized. In 1860. the bible of the American housewife, 
Godey's Lady'.%Book, cautioned tllat tom1a1ltoes should 'always be cooked 
for three hours.'' 

Only relatively recently has tile tonlao become a niajor world food. It 
was in commercial production tlte list century in the United States bl 
camne into intensive production only about the time of World War I. Even 
today, its acceptncc ill tropical Asial and Africa i, not greatl, hilt tile 
tomato is ',till continuing its diaspora. Ili just the last 20 .vears. it has 
taken hold st stiongly ill China that it is now tile "number one- vegetable 
there. I)cspite cooiservati\e culinary traditions alnd a wea.lllh of native 
vege!able clops, the tolato is becoming increasingly important in the 
Chinc.L diet. (A special kind o!' tomato satice hts long been known the 
world oer by the namie "ketchillp." deiiveid flont the Chinese word AM'
uhiop, meaning brine of pickled tish.) 

Regardless of its slow beginnings, the tomato is no\ one of tile top 30 
1',od crops of le %orld. Ncarl\ 20 million tons are p, oduLed annually. 
most ill t'laropC and North ..\mcrica. [he United States now not only 
grows itbig proportion of the \ torld's totnanoes, it is the leading consumer, 
followed b. Ital, . Spain. the Arab nations, Braiil. lapan, and Mexico. 

The Modern Tomato's Mixed Parentage 

" od.\ ' tonato is more than jist the one species L.ycolwr-sic' l escu
h'lenzm. timnt breeders have engineered it to meet modern requirements 
by incorporating genes from matnv of its wild relatives. For this purpose, 
plant explorers have gathered \wild tomato seeds, especially in tile Andes. 
One such collection \ ias made inI 192 when two yotung botanists, IItugh 
Iltis and Dontald Ugeul . 'acre stldyilg tile wild potatoes of the dry valleys 
near Ahancay, Peru. tLatil, lunch on a rock\ mountain slope. they picked 
tile fruits from a sciaggly wild ltomato plant growing nearby. The fruits 
were green and only tlie si/e of rarbles. but the\ helped make t tasty 
meal. Although not in\ olved il tomiato studies, the two plant taxonomists 
saved the seed iild litter mailed it It) reno\l nled tomIto breeder ChallCs 
Rick. 

In his Universil of 'alifornia p!oti,. Rick planted the seeds and 
discovered that the plant \%a,s u 10,Sice. It \a', naMULIedto Ly(vin'rSicon 
chmie'l. Aii in hoto of at decc.scd Pt'lish scientist and fellow tonlato 
breeder. Rick soort noticed that the tin. frlits of this ne% lolato hait a 
very high sugar content (11.5 perccnt )-'lntost twice the normal level. 
During .lmost a decade of' cros-brecding. lie transferred genes for high 
sug.r content into horticutllttral line,, of the cofnnon totl.ato. The result 
was large, red tolatoes \sit tllUntsual s\keetness and flavor. The content 
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Peppers
 

Peppers have become the number one spice ingredient in the world. 
Red, yellow, green, or brown: hot, mild. or in-between--more ate 
now consumed than any other. In almost every country of Europe, 
Asia. Africa, the Caribbean, North America, and Latin Ame ica. they 
are the most popular condiment, employed to enliven rice, beans, 
cassava, corn, and myriad other staples. 

What is more, peppers have a large-md growing-ollowine in 
ctIntrie ilhat have not traditionally used then. In the United States, 
for exarrmtip produce markets carry frcsh peppers in rainbow colors 
frcn white to purple. sizes from a gran to a half kilo, and shapes from 
flat to spherical. Grocery shelves display dozens of concoctions to tire 
the taste buds. Restaurants serve everything from chile relleno to 
Korean beef'. Even some cocktails come spiced with pepper. 

All this would have seemed unbelievable to the South American 
.ndians who were probably tile first to use peppers-extremely hot, 
pea-sized fruits they ftmnd growing around them-perhaps more than 
7,000 years ago.' Such pungent foods should have limited appeal, but 
the history of peppers is one of cnthusiastic acceptance wherever they 
were taken. By the time of' Columbus, peppers were a principal 
seasoning of tile Incas and the Aztecs. Montezuma received them as 
tribute. Columbus came to tile New World looking for the black pepper 
of Asia and sttmnbled upon this even more piquant spice. (Believing 
he had reached tile Indies, he named the people "Indians" and the 
spice "pepper." thereby creating endless subsequcnt confusion.) 

After Columbus, peppers quickly spread around the world. The 
plants adapted to new environments and became so thoroughly en
trenched in many cul'lres that the little green and red frtuits have 

I he ance:lor-, (,allpeppers are believed to have originated in an area of Bolivia, but 
peppers ',pread quickly and reached Central America and Mexico in very early times. 
Information from W.tI. Eshbaugh. 
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become an even higger spice than the black one the Adniial had heen 
looking For. Chili powder, c;iye.nc, labasco, pilientos, and paprikaall derive from peppers. today. one call hardly inmagine what many 
national diets must have been like without them. The ITods of Indi a. 
1-hnatn szechtan (China), Thail:tld, Indonesia. lihiopia. Westland 

Africa. and others Iecame synonymonus with highl y spiced fbods. And
 
I-lungary and Spill hecanli know n lior
paprika and pimiintos. 

.
ollst based onl on.e (t '1 Yi

(1t111111M. Iwo o thers C . fub" 'i'x and ('. al 


These de,,e opient, are ohle specie.', p c mI 
'hinm'. ' , o,;o IIItiused


aI fv ,.ical areas. tlu inl the AnIcs. 1hC plroahle hom+1eland of
 
pepper,,. there reltain other promising species that have scarcely

SplCad ntside (lie rCgion. These are 1lrow nainlV in Rnrl'.l1 homel12
 
gardens. hul sever;tl ,tr,. pkints. of both cultivated
still v Ild oxfi0pl, 

aMl %ild type, are highlihted hM..
 

SPECIES 

Rocoto.' The rocoto W(ap.%iim pu/)'i.in. I \\iidel cultivated
 
in the high Andes. It,, ptrple-' and white lowers. lizii; leaves ;ind
 
black, wrinkled ,cds make it eas' to recogniie . It produces fiuits
 
sotllllies llllost t,large ia', pCppie.rs, hut instead o heing mildhell 
ill flavor. the\ are it,ent like hot um's. Wlihen ripe. ihese heautilf. 
thi,:k-licJIeL frult, arle Irilliali\ coloredl---,,hin rd. oIr;neC. Clhow. 
or hrown--ald they come i a \ ,i,'it\ and l ,e areof s',haIpc ses. 
otell eatel stufled \ ilhIllSit. 

The plant is the llit t ctld tolerant of, the cultivated peppers. It 
groiis at 'Igie allt t de', thaln other specics. generally ['t, 1.510)0 to 
2",90) In. hil Cannot tolerate the hea oI the lowland tropics. It is i 
perennial that grofx , ll II or moe veal", and is soleimle,, .'Alled the
 
"trechil."
 

The Inci, pie.dL.iocolto its+, and 4.50 years later it
special flavtw, 
is still minl\ colfined to ile Andeart area l'trerl\ occUlpied by the 
Incs,. tl ,,\ever. it i,also cultivated a little inl the highlands, o 'Costa 
Rica particuhid produc:ing flood coloiingl. (iaicmta10lir eulowi 
(where it is called ".\imvtm 1c1/I(I"). and southern Mexico (where it is 
knox\in as "'apple chile" or "horse chile"). It is virtually unknown 

C ilpm /t//I l;i\ i oiilll,nI, cl,;l,,lll: se I\\ s ecies"IllVahtIs ti onc a I Illlesit e. 
1l1161 hNt-knl4M 11, iuNorth icai the prime, iiC ii is as irilicil l t''Itihascio Sauce. 

tic n i " cobl" (laU,sp.llttd ikkatl is iised illPiii. ('hirC. aid E tladhl; t icolo 
(otlIklo i is rise,. il I eti 1i 11io m id IHalivi;. (Other nams aiile 'c1 teil. rIll"allr


)awl,"p'o11n111cn1o" Rica).(NP cl.', I( 'os',la 
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l.l uit t il of ihi 
,.u'Crtall\I 	 ptt-ofC'tiiihim. perhaps vcC'ii t,.'tilct CentuilV. 

Rocoto o.-Cur', onll'illctivatlloll. it',, have heen 

n ',hc'rc" ,-I,,.'.c.it,, ft i)d notrth (olon ias allll- t 

',ild aIcstor' , lot 
definLd. adlotf it 1', t,)the tlnpicts (seeLh gCntCak'lly clo,ely allied 
helowv. 

Andean Aji. 'ICt0t1n cultivtted lpppe the southernl pil)hle 	 1of1 
of 	 the Andeaiu ;rca ik the h'illiaiutlv colored ('1Ip.i('Itm h-,(.ltu.' 
('ultiValted 'o1,rm, Wem to haVC bel domet,icated Irtom ,.Wild. weedy
plints in a largc hand of territory sirt ching flo Perttoitern 

eastward,. throutigh Bolivia '1d( l"',ragia\ to ,outlh ,,stcrn Bra/.il. The 
center of oriuin isk proal\ Bolia. Sonic peppers unlethcd from 
archeologicl ,ites recmlIc this spci,,. and this, Ih' Iled people to 

Mt l't' C. 1,1 I, lilt- i ul"ihl, clop, C.IlOlt lt. ( lm(011M \ : . O llt/uttz.t \li ittt 
h ill'. t .bot 01 t \itlIh lllip, (o ti io It.60 illioctt [t1 allmc It t t jh Bonlivia. 
hs I cllnu tl Il IIitme m "ill im l-+ jild "'111 1+ lld l uli s t i~lmI11o\ fflilltl lrillitln 


thrtmlgh o i llhcill\lgt.llillm| IB~'l . 

L1l\CNx., rWSCOrCh ;lrod nh lll1l11 Il1l jLshljj;jjl. 

ceillmf~lPcdll. IBoh iat oi~t illid',otlllhcrn . Itto. 
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Peppers appear to have originatcd in whaJ istodayv central Bolivia. Here can liefound 
t, greatest wealth of (aolA.it ,,peei, slnd varieties. From this small btt very diverse
location (itincltdes (tmpcrate,sittropilcal. and tropical zones), one species spread
throughouL mnliCh of the WolId to hcoie the chili and sweet peppes (halliven foods 
oil
every continent. The ohr species. including tI,,dolesliCllted an pehllaps itdozen 
wild ones, remin to he exploited hesond 1he .\Ciles. 0. Andrews) 

believe thatithas been IIcitivttion for perhaps 4.00(( years. Today, 
the Andean ;iai'(pronoutnced ah-I'c) ;s cutiiivated in lolivia, Peru, 
Ecuador, Argentina, and Brazil, as well as ;itCoaI Rica. where it is 
called "'UTtr dt' Or/'" (golden hortn I. 

This is prilrnarily a IoVlInd specics. but it ;s i'ou td today up to 
aroutnd I,100(I)l elevation. It is a sprawling shrub, di:-lingtuishcd by the 
(yellow- or green-) spotted coiollas of its flowers and by its long,
coriical fruits. Althougn described aIs a distinclt species more than 150 
years ago, it was later regarded as I variant ol the common C.anntum, 
some types of which resemble it in everything but the spotted corollas. 
It wis "rl-stored" to the status of a separate species only in 1951. 

Andean aIji frUitts are most comtnonly shiny ortange and red, bul rare 
yellow and brown forms are also known. They are very hot and are 
made into sauces, sone of which are bottled commercially with herbs 
and onions. Typiclily. these saices are used on cassavI (yIca) and in 
marinated, uncooked lish (ceviche). A few are sweet types. Only in 
this species and the common pepper are nonpungent cultivars known. 

'At is atnalme tften used in Spa nishIr any pepper, inicluding the ctmmon pepper (C.
annuum), more gencal! y called "pimiento." In the central Andes. however ajiordinarily
refers to C. btccgat'u. For this reason%we have coined the coimont nanie Andean all. 
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CAPSAICIN 

A pepper's pungency is caused b v capsaicin (pronounced cap-.say-i
sin), a chemical that is odorless. colorless, and flavorless, but that irritates 
any tioie it contacts. Biting into a pepper stimulates nerve receptors ill 
the mouth to signal "pain.- and the brain in turn induces sweating, 
salivation, and increased eaistric flow in an attempt to rid the body of the 
irritation. 

Capsaicin is related in strulclirre to \anilla (struclturlly. it is the vanillyl
amide of isodecylanic acid). but it is .Cry acrid. A single drop diluted in 
100,00() drops of water will produ,..ce a persistent Iburning of tile tongue. 
l)iluted in I million drops of WalCr, it still produces a perceptible warmth. 

Capsaicin is concentrated in the pepper's placenta. the inner part that 
supports the seetls. there is a rough correlation between the an;u-,trlt of 
capsaicin and the amount of carotcnoid pigment. Thus. the stronger the 
flavor, the tlecpcr the color of the fruits. 

Capsaicin has many uses of its own. Applied in concentrated form to 
the skin. it induces a feeling i1"warith (actually ;ir irritation), and bccaunse 
of' this it is Itsetl in sore-luscle remedies. It is also the ingredient that 
gives the "bile'" to commercial ginger ale and ginger beer. It is so powerful 
an irritant that it is used to mike ridtog and 1ilnuggcr Sprys. AIso. it 
is usetd in concoct6ins to deter deelr antiladbiis from devouring vegetable 
crops. 

Recently. it has beC urth thathle '1Kin probably releases painkillers 
when nCrvC receptors send it the "c ipsicin signal.'" it has been tested 
ill topical treatment Ior relief of pain caused by shingles, psoriasis, and 
other ',kil contlitions. 

In another motlern Iwist. capsaicin and peppers :rc being touted fo 
the diet conscious. Peppers, it is said. perk ip ile laste of' food without 
adding flat. Indeed. it ik thought that the% Iar hrn more caloic, than 
they provide. 

Wild Andean Peppers.', in the peppers' probable "homeland" in 
Bolivia ate two essentially tjndomcsticatcd species. known as
'utltupicas," both of'which a're greatly appreciated by the local peoples.7 

Thcy atre aromatic, tasty, and much holler than i'ocoto or other 
common peppers. As the Indian name implies, they are closely related 
to one another, and perhaps to rocoto. Bolh have purple flowers or, 
occasionally, white flowers. 

I hllorlation in this "ctoIion orniW.I. Fslihaugh.There arc rhor 20 othrer wild species
of CopxViC1M. "hose ire It' s lOW v m IcalI 10 the dhluslricihred pe ppt'ls, bitll ont. of 
Ihel will Cross with the doinestaeld spt'eics. 
It is not inisnil lir w: ipe'ppers to Ie popilar :ind pricey t.In iortherrl Mexico and

the soulhwestern United States, Some ,\Id peppetr, (called "chillepin,." one of the hird
peppers) are in such high denrridthat they sell tom ip to I tiines the price of culivated
bell peppers. The chiliepin ;irc ofien sniuggled across hordes. and harvesting pressures
-ire so heavy thoar placesin mainny Iese wild plaints have becone scarce. 
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'Ihle m1ore WideCSPread 1.il1lii is ( /fuuSiti (%kiuim. Ilotind betwen 
about 1,.400 and 2.800 litIi i th drier. Cooler pilrtI of, holivia. norihern 
Argentina. and paiB ts(A' Imiji rechi in eigiht andI(its11ia' I2l il 
Small (6~ nln kdimiiiter) nit ilef roun['ild. led. ilidlicrv. Ilic v ;lre ier
tLIeIJItl\ b)ItlCd M.p)cl1lCd. tHeIiaic like til, tiltipi~ia( mldliiiihitat 
tiev ofltell C;eC0III raee it to g~im\ , C\eI If lil'uui It I" hbaslill\ ;I %%Cd. 
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PROSPECTS 

The Andes. Pecppers are alread\ Conmmon iii the Andean (die! andl(
thleir ntse i.. bitttherhiilseal is nonetheleIss aiIc 011pPOrtnnlitv to1 
select better teI~iu uliend more thiV0'ers vaiet~cies. NMoreover. tlie use 
ofllprs Iparticiilu-\ tlu e pilillenn t.%pes) Ill prepare-d I'Onds Cunld 

'thle Ike tIIlti\;tetl sptt.ics iilc ;IIl l1ng,11l% \auibIe lit pklnt type, t"ruit 
tNype. plinnceiie\ .unid ul~atiu Wilednt\\ilnild priint\euIlitivais, 
P'llIitetIk~ CIl\ usetuil (1nieC'Is~iuee: tin virail. hilCIte-.ul, ciuitii snnuuICe, 

aillia knu~lisecu'es. as) \'.l eit- l nIC1micuds. Ill :Itilonl to possessine, 
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adaptation surely exist. Collection of all species should continue and 
accessions be carefully preserved. 

The Andean germplasm is a potentially vital source of resistance to 
disea_,,t 'hat afflict common peppers, such as fungal root diseases that 
sometimes kill a high proportion of the plants before they can be 
harvested. Also. it could be a significant reseurce for increasing the 
pungency and color of peppers. Both these qualities are of huge 
economic imporlance. 

Other Developing Areas. Peppers are now perhaps the most 
widespread commercial vegetable in the tropics. Millions of the poor 
and destitute livL:on rice, beans, cassa a. dahl, or another biand staple 
set off by a little dash of peppers. India's uhquithous chbut ney and 
curry. for examlple. are u1nn1aginable the of peppers,withont iht' 
whose origin is actually the Andes. 

Peppers. therefore, constitut, a potentildly key intervention for the 
improved health of the Third World. Their nutritional content is 
relatively high. and they are good sources of vitamins, parlicularly 
vitamin C, and in the dried pungent l vpes. vitamin A. :ortunilely, 
these nutrients are not lost during tle varied types of processing. 

So far, selection has concentrated almost cnt irel' on ('apsicum 
attum.n but the other species deserve exploration. The screening and 
evaluation of the -lo:t'" Andean species could provide useful characters 
to common peppers. Unfortunately the species fall into a number of 
distinct genetic groups that do0 not hybridize freely with one another, 
thus limiting the usefulness of genes from other species.'' 

Industrialized Regions. The common pepper is increasingly pop
ulu i ;the !Jnited States and other nations that have had no tradition 
of eating spicy food. The related species of' the Andes therefore are 
potentially valuable future resources, even In such countries. Rocoto, 
for instance, is thick fleshed like Ibell pepper, but spicy like a chile. 
That combination could encourage specialty uses that might project 
this now unknown pepper into a place in the :uisines of' the world. 
For use outside the tropics, however, vaieties that are daylength 
neutral and adapted to cultivation outside the Andes will have to be 
located. Thanks to the foresight of biologists, a number of germplasm 
collections are in nlace. What now nIeeds to bX done is to identify and 
create superior types suitable for commercial production. 

a ,C..l}'tltc.s (hin 'n.." I. .1111 cn. and ('. hybridizei among tlhemselves easily. ('. 
bOc, ,;tuin hybridizes wilh cach of' them wit h some difliculty. Unfortunately. however. 
C. puhescens isolated and not with any others.is genetically \%ill hybridize of the 
Information from W.I. Lshbaugh. Perhaps advances in biotechnology willchange this 
picture. 
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Squashes and Their Relatives
 

Cucurbits (Cucurbita species) are a collection of botanically related 
food crops that includes what are v\ariously called squashes, pumpkins, 
vegetable marrows, and gourds. Among the first plants used by 
mankind,I they have long been among the most widely distribtited. 
Most are cxtrcmel, versatile, being used as fruits. vegetatles, edible 
seeds, and oilseeds, is well as sources of fodder and fiber. 

Traditionally. cucnrbits have been particularly important in the 
Americas. Together with corn and beans. they were a nutritional 
mainstay of pre-olumbian civilizations such as the Incas. Mayas, and 
Aztecs. Since Colunbu,;' time, however, thcy have become popular 
throughout most of the world. Today. they are eaten by millions of 
people. but almost nowhere are they major crops. Moreover, for all 
their value to people, cucurbits are (at least by comparison with the 
major grain crops) much neglected by scientists. 

This is unfortunate, because these plants, which typically are trailing 
vines with extensive roots and harsh (often prickly) leaves and stems, 
are well suited to the pcisanlt or individunal gardener. They have Wide 
adaptability and are easily cultivated. Their needs are usually satisficd 
by moderate soil Moisture, and once vigorous growth starts, they 
seldom need weeding. They are little bothered by insect pests or heat. 
When judged by nutrhional yield and labor required per hectare, they 
are anong the most efficient of all crops. 

Fruits are the major cucurbit product. Immattie fruits are eaten as 
green vegetables. Mature fruits are boiled or baked and are important 
sources of starchy and sugary foods. The excellent keeping qualities 
of the ripe fruits of some species allows them to be stored for months
even years-without special care. And. if cut in strips and dried in the 
sun or over coals, the flesh of others will also keep for years. 

Nutritionally, these fruits are excellent sources of vitamin A, vitamin 
C, iron, and potassium. They are low in sodium. The young leaves 

I The archeological record indicates thal some Cuurb'iita species entered into agricutiure 
by at least 60(1HB.C. 
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and tie flowers (especially the surplus male flowers) of several species 
are sonedties eaten, and they. too, are soutices of vitamiins atid 
minerals. In sone specie., the seeds are oasted and consumted as i 
snack and are often more prized than the flesh that surron tds them. 
The seeds can have pro!ti nand oil contents of 30-4) percent. 

Five rich iy ila\vored Andean c uclrhits alic discussed lelMv. 

SPECIES 

Zapallo (Winter Squash). The squash- (C 'uctrbit maxima), called
"zapallo" (pronounced /a-/i-oh in the Andes. is ofewxhisively Soutlh 

American origin. Its center of diversity lies in northern Argentina. 
Bolivia, southern l'cru, and northern ('hu. btilbyll thei 14t0s it had 
been spread northward thioughout the ,ritlera parts of the Inca realm. 
At the lime of ('onus, it ,,,as still colfied to South America, but 
today it is Widelv go.x ii fhrorlehotit the x orld. particularly inl lurope. 
India. the PhdlippiuCs. and the ntitCd States. It is a winter-type 
sqlash and include, tltable C\,.bclle imost ofteni called "pumpkin.u
Iswell as mIlally C0111lt \CgCtables calIled "sqtIash." 

More tolerant to cool telrlpeI",tIis t olnrither sqluahes. this species 
,is groxvn as far south as"tlLl it of "tgl'iclulltilc in ('hile. Using this 

species. (hile arnd lerni have dex cloped tile niost gieilltic 1u ofoallm 
conmlnercial "puillpki us." IFruit s of"20-41) kg arc corlnonlv foulnd in 
markets. 

This squash is rntled 'r its rich dirsit-smrie atihoriies clain 
it has nlore forins than, anx other culhivated plait. Il the main. the 
fruits are cylindrical. often buillsotuIs. and have a central cavity filled 
nith fibers and seeds. Sonmc 'righll,,colored. highly attractive varieties 
have become cxt reiielv poptlir specialt vegctalles i tihe United 
States inl IeCelt xCls. Chilean \'ar'ictics that lhvc 'ecomle CoilimoIl 
foods in the Uniled Sttes hiclude Acorn. Banana. Boston Marrow, 
Buttercup, (oldern )elicious. and I huhlbard. 

Crookneck. This species (('On rbita mo.chala) is apparently Mex
ican or (_itnlral Alme'ican inoi'ii. I ox ever, it InLisl have been spread 
Widely in prehistoric tiles becausC its center of diversity extends as 

'The coniitn namnes t olal ilWrme a Immltkte. N sulti ;mn"'pllllpkil" aid 
d eIIe it tit'l l I ic. ", ll ti, C IIf'MtJdll'C[' SpC'lutf il 1 ii co¢ll licie ll iioinlliHitionilly
 

,
i'Ceegniiled Cill1l0ll1 nM'IICtM ( l+lllhllt ( *. i /tihallril] (mIMOM Mint. l 0. (mmifdil. 
ill ,l
,A Ilccli ewemvamrioil Ilt htelll\ e ii lasl isetiisetd am . ]ltlof vell-preserved 

speeiflicill". , tll it s pji;lllIIim'[heiI 
lewsi 

lgg,ing \;', L'ilill1 II101itivolied Ill Al1telllillt ml 
as long ago as 500 B..(


,'he nalne iles to al ahjllxt o he s.lm.retf ]ltll t i, ,,int,..er.
t[lot il ahitity to grow 
in the coid. 

http:int,..er


nl I it, vl S, l Ki l I Id I Iic~c. chI I; Lroriih AI ii dI \ A11 \ppok k 

c k IllI Ijwv pail , t! IhaN th I lt.' &Ii~ Il t rpiici si a :111di 

Iii~ I 11,01i.i i' IllhLOwi. I m d si l"ltll c lc 

I " iS f 11 .111 (c I If\T t.Ii \,O'.I ilt in-lIit, ilIl i'hI a~o'ppt& 
olhi "i,imlix ,iL-tl2 huh1c" fchlilt.'. l pc ai11 lf at.: VlitI llhhtIh\ 

1 1, 100 1'hiiciN i iIIC lC l xiii \Iil arc tilcd It ile;t 1 111 110\Niug t. 

trolut\i.lic uicnt bitttnvrOaIll k., 'I 611 iii\ h/hiut/tt\Ilo-cu1160 

It 11 10l l I 'ct.' Iiltit) Itli ih:Iiti fli \ fa ,ili\NtC l ibl 
H wltp~jthi h iiti '\ h liN kIfl\ tI~i a'lu iilhicIIu tpxx tit:ichiatuI 
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Zambo. Indians in the Andes commonly grow tis 'import- from
Mexico. In fact, this squash (('lurlift iPWli)" has become so
popular in the Andes that it is grow 1111o1r J'l'equently there than ill its
native land.- Today. it occurs frmll central Mexico through the high
plateaus of Central America and along tile highlands of the Andes as 
ar south is central (bile. So far, it is little known Clsewhere. 

This species is another cool-cliiatle (but not frst-tolerant i1ember 
of the genus (',,wirlTa and is the only perennial amonmg comnercial 
cuicuirbits. It is nest resistant and short-day llo\%,e'ing. In somle places.
the rainpanl irepres+sihe vine runs \ ild. clillbing, trees and shrouding
shrubs v\ ith its tigli'kc leaves. Its, clongated or globe-shaped fruits ma,'
weigh II kg (even when not grovn under orcing- conditionms and are
white, green, or white and green striped. It has wuihe flesh and is the
only squash "ith black seeds (a "hitc-seeded iace also e\ists).

Culthated extensively in the A,.ndeau highlnds-mo:,llv at I1.000
2,000 in ele\ation'-the yonng fruits are used like zucchini. lhe mature 
fruits are prized especially For desserts. isually cooked and served inSweet s\ rup. [hey are al,,o led to domestic ainials (horses. cattle, 
and sheep) duhring the dry season. 

No f'ruit any\i here keeps as \wll as these. Mature. tihey are commonly
stored (kept dr, . but without any )tn er special care) I-or t',\o years,
and yet their lesh rernans fresh and actuially gets sweeter vith age.
They are eaten boiled r in preserves. InmmattirC ones can pass for
zucchini in looks and in recipes. Especially delicious and nutritious is 
a pudding made by siinmnring this squash 'ithImnilk and cirin1on. 

The seeds+are baked and caten like peanuts and are greatly appre
ciated. The\ have an uniusually high concentration of oleic acid, the
 
prime ingredient in olive oil.
 

Achocha. Achocha" (('yl nhera petic'a) is not a true squash,
but it helongs to the same family, ('ucuirbitaceac. It. too, is common 
in tile Andes. The fraits are small "gourds- 6-15 cm long. with
flattened sides and soft spines. Pale green with darker green veins,
they have a spongy interior containing up to a dozen seeds. 

Sonie immattirc achocha s look and taste like tiny cuCLiun1,bers.
which they are fair substitites in mnany culinary 

f'or 
uses. (They are never 

h ,"This species is kno'" NC\ elc ali ll ll t ile Anrtlhes--lol. instance, ,ilho (E doli,
Vitorit r('o ni' ia), ,nd lcavo. I t'crii).


Where i Ik Called "chihtLa,,w h. or , ,i.. l/IttcaiIn ('os.ta Rici 
 iLd Hondurats. its 
name "..' i e "c:in Nc\\ /elant. "ic-I tonI." 
, it is CotImon. lo c\t lllple, 'lthe coffec hell of ('toh bia. its inum ture r''itils selling
for good prices in iogot i. 
"A (ueclna \ord. in thi Al.',dcs it is tltSOkidctv caled "'Caihiji." itsewhcr', it isknown as pepino de rellcnar W(oonhbia). pcpino andino IVenetehil. and v'ari:tions on";achoca" and "'catihta." 
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tolerate mole coid than other .ucurhits. It grows at 2.600 ni elevation 
niear Bogolui. 

Casabanana. .,\1other cucurhit, this species (Sh'an, odori/lra) is 
Iounrd gro%in arojul hon sesti in the lbo(t hills and lowlands of the
Andes. Al a',cilting and use'.ful plant, its fruits look like long.
cylndrical, red-colored squahe,. They are edileN only when yong,
at which time IhcN can bc caten hoth raw and cooked. It is the mature
fruits, howcvcr, that are most prized. Although inedible, they exude 
a strong, pLC.,iant fragrance reminiscent olf a blend of ripe melon and 
peach. They are used as air fresheners to perfumc kitchens, closets,clothes. and Christmas crochcs . In Nicaragua the arL used to flavor 

JlI' '.wo.s, cspecially a drink knomn as "cojomnro."
Ihe casabanana is known only in cultivation (or as an escape from 

cultivatio): its origins are thereforeL uncertain. It is probably not of 
A ndCan origi . although it wa, originally descrihed from Peru. It may
have been brought fromt liet castern part of South Anerica-Paragtay 
or B'atzil perhaps. 

The plant is well known i Nl cxico and Central America and has
been inllt1oduccd, a atcnriosity mostly. to France aid possibly to other 
I-'uropeari countries.li,The young fritils are eaten cooked in soups, btt 
"IIISpanish it goc 1)' iii[, C01ln10n na;1llC,.inchidillg Sccliia PI1ci-i,. pavi 03oliviat. 

Caiuat (olotmbia). cpiu tic otto, ntloclloo 
 ,anmd iIhn ca ahata. 

http:countries.li
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the main product in Europe, as in Latin America, is this gourd's 
pleasing and penetrating fragrance that will perfume a whole house. 

PROSPECTS 

The Andes. In the Andes, as in some other parts of the world, 
squilashes are considered to be food for the poor. Unfortunately, this 
means that they have not received the scientific recognition and 
research funding they deserve. This should not continue. Because they 
are so easy to grow and so well liked, efforts to introduce pest-resistant 
strains and improved modes of cultivation could bring big benefits to 
some of the neediest people in the hemisphere. 

Other Developing Areas. Pumpkins" and "'squashes' have vast 
potential in subsistence farming. They are exceptionally attractive to 
peoples lacking ready means of f'ood preservation. And they are 
outstanding as nultipurpose plants. As noted. the young fruits, mature 
fruits, seeds, and even flowers can serve as food. 

The germnplasm ol'the A des-home t ') many cuctiturbit- for thousands 
of' years-is especially importan t for the entire developing world. 
Currently. many Third World counLtriCs (lit'hiopia, f'or example) have 
only onle or It best a Sll numblllJher of Sjuishes. aind even those have 
almost no genetic v'ariation. Thus, by and large, people outside Latin 
America are uLnawal'e of' the wealth of types available. 

Industrialized Regions. ('ucurbits now grow throughout the ten
perate world and contrilbute a wide variety of' products ranging from 
the Halloween pumpkin of' the United States to the glasshouse cucum
ber of' England. The important ctltivated species are ma jor market 
crops in North America. southern Europe, and temperate Asia. In 
addition, there is large commercial production of cucumbers in a 
nutnber of' more northern countries. 

iowever. the types that remain in the Andes are an important 
unexploited resource. The squashes on the dinner tables of the f'uture 
could be far more colorf'ul and tasty than those of' today. CLcurbits 
are excellent f'ood f'or those who require acid-free diets. Most are 
noted for their keeping qualities. I 

Moreover, the casabanan,, with its penetrating fragrance, and the 
achocha, with its eye-catching shaggy a.ppearanlce, could both make 
unusual specialty-produce items in many wealthy countries. 

" Recently in Florida, for example, the crookneck has been foLund superior to the (Cu.ban
calhaza for shipping to distant northern markets. Information from J.Morton. 



PART V
 

Fruits 

Although the Incas feasted on roots such as potatoes, oca, and 
ulluco: grains such as quinoa and kiwicha: and legumes such as tarwi 
and nufias. they also had t wealth of' fruitls and nuts. This section 
describes Andean berries, capuli cherry. cherimova, goldenberry,
highland papayas, lticuma, narantilla (hlIo). pacay (ice-crean beans), 
passiorifruits, pCpino. and tamarillo (tree tomato). 

Many of these fruits exist exactlv as they were at the timne of' 
discovery by the Spanish. Few, are culivated anywhere on a large
commercial scale as yet. Most are dooryard plats, whose cultivation 
is primi;tve b% modernIlstdards: v.lri tiCs are ii nselceCd , soil re
qtirenlents arc unknown, propagation techniques have not been perfec ted.
 

Despite this, the fruis
native Andean are not inferior to those of' 
other areas. Each is prized in one part of the Andes or another. They
h;ve limited usc onlyv because ot lack of awareness oftlheir possibilities. 
not bIecausc they tasle bad. They are a unique and very diverse sct of* 
resources tor tlhe 1lt1irc. 

It is important to develop these crops. Fruils in general are good 
sources of* vitamins and are probably a dietlry necessity. Vitamin A 
and vitamin C content call be notably high. In addition, the high 
contents of calcium. phosphorus, ald iron in sonic varieties are of 
special value to growing children. These qualities make them excep
tionally valuIable for daily use in tropical villages and lowns. 

Specimens of any undeveloped fruit tend to vary greatly in taste. 
size, appearance, and texture, but careful selection, clonal propagation,
and appropriate horticultural manipulations can bring huge improve
ments almost overnight. One oflthe most vital aid rewarding activities 
is to collect and sort through such varieties, seeking the individual 
specimen with Oatstanidi ng qualities. 

I In this, ihey arc no differen In , more conventional fruils. For insiance, all named
apples (Golden I)clicious. for example) as well as all seedless oranges. conic from singleimtant li'ces soniclimes only a bia rch) thal omeone noticed and propagated vegeta
lively. 
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DOMESTICATION OF THE STRAWBERRY 

Io0 .kvct it] ll Il igh' h apIt/penH -l;;I 1 c.11111111, with I]4 ith '-/ 11iit. i, rs. 

de'.% rihei in tri -l ho t,ilQ ch al IIrs . I'M 'Sillc' the ( i.s€I,ol t/h ' .I I wII r\'-.Y 

All the cultivatd ,li~ crc, \xc on.o i todaiy ae atl least pikrtly 

AIItLIC:1n. ITIC lihe ofTSpriing of' ; tlliol hr.t cell ti .\l ricanl species,lC n 
hrought independent l to Fliope: Inieiirii Ihiloct is i to ('hile)kIlalivtc 
ald F. ( tlalti\(M Cistel-n The first hllvbidir,i tli, ie o N riii Alllrulc ). 
"ec ll i h,\1C 11i l il ac itdeit . ,i ,ill u ill a cal l.ll IIlIa" .\lliltelidalli 
.ifll'oiid 1751). thc %kit it , icllr'cd ha, eell dc,cribl cLdb\ Ruth l psTCin. 
editor of Pic .. l- c'rica, I ' \tivol: 

/;1 /17/1 11 11c,iri z/coi ili ii /o Wcils W/It 10,gzil iif11lic'/,( I 
S'izt1/2l I/ica' i/ ill' Ii tloll flil cl'cl/ Irt wi c' Il let iii (illVll . /1 IIot 

.ollii I/li,h ioe Ib loil 0/lil i Qti! It iicl p illc ', fll/[ I ic I' hil/lila 

.l h iii ) /ll. i / iOc',i IC /lilt/ \0'1'( lcd 1/h'T'V I l m. , M/tlihb'alitill,lte most I i",r,,lrN, 1/11' MOtlo/hIr l-rfilh'(14 VI , ~ r10trrtt 
fO /it]llJilii1 o It/ l' /l[/ '/j' h llic Ail'i /i 1/im' ' t I/i//i[ /I 'II l,i 1 / Ii ' buakI jfe/itlito ih had Il i h/ c d ollhi.l i't111 p nihirtt.I. l %li - iui.tranll ltlh/d /haplpi/\ rnollt,,lh-l/tev bloolm('1 /wrY,\-ht lor 30 
\IT'1r\ 1/11"s blurt' 111)/rllij. A mli/l/wt'l. ] \" Chll(l I, Wl lim Illis ho[ w' sollic' 

is tlu itit itti,l poiicl\ s1i l tin .nto; ll tI crciiit' i i i loli,il fi/iult.I]w 

l t~lll ltl ' I /'11"thSlll l it oill[Oi stll~ n tl t ir.t~li , a l i' 

(lits have parlicula nmelits for pa,,ants adt small farmers because 

they' can be homegrown andillprov1iLC hoth fod ad a .cash crop. 
However, with today's transportatlion. ef'rigeration. anid food proc
essing inlstries base, oiL rare frutit are also becomlnt! increasingly 
important. Exotic Andcan fruit,. for instance. arc potcliafly prolitable 
exports to af1luent huycrs in i\calihy countries. Iiet,, in North America 
and Europe alecbcoming ext ewelli, Osmopolitan, with incl eaCsing 
den.id for .xotic foods. lndeed, for It O.odecadcs Ncv Zealand has 
been sendillg its fruils to North AmericA. hapaln. and nlurope, where 
they sell briskly at premium prices. sonic-stch as golelberry, 
cherilibya, tniar"anjilla. pepino, passionfruit, and tatmarillo-are Andean 
ntives described below. It is a Ialeasti c of their delicious lasle that 
consumers pay the cnorniots Costs of' fresh fruit that have been 
ai rieighted from the otiher side of' fihe globe. 

:Capr gtoshciry. 
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Berries
 

Scattered throughout the highlands of tropical America from Mexico 
to Peru ire dozens ofrspecies of native berries. Their fruits are common 
both in the countryside and in the markets of Bogota. Quito. and other 
large citiC. Some arC said to lie superior ill flavor and size to their 
well-known cousins, the commercial raspberries, blackherries, and 
bhiliebrrics. In l.atirr ountries thc,, arc inportant fresh fruits ts well 
a- ingredients injcllic,,.Jani, juices. thick syrup', tj ralb. , from which 
ael'c Ilal hu Confectios). and eveni wines. 

l)esfitc their popLllarily, these natlvc berric, have not been widely 
-,tudied. Most arc suntig;,thcrcd from [lie wildI, and only a few are seen 
il retular cultIvatonc.Hecause the plants, have rcCivCd little Or no 
hortictiluhtral MCnjiion, their frOwtn Chibit widely, variant si/c. color. 
and qtnali\ . ard the flavrs in all batch may ralgec fron C\tlclllcly 

acidic to cloyingly vswe.t. 
This chapter highlights several berries that arc found mainly at 

elevations between 1.300 and 3.0101 in in the Andea n region. These 
sCel to show promise as new cash crops for fa rI aid backyards 
buth in the Andes and elsewhere. 

SPECIES 

Mora de Castilla. This hhckherry' (RnbuA um,'Iuius) is native to 
the broaid area from the northern Andes to tlie southlern highlands of' 
Mexico. Althougli common in the wild, it is also abundart inl the 
garden.s of hundreds of towns and villages, especially in Ecuador and 
Colombl-ia. In two Lcuiladorian to\wns, A mbato ard ()tavalo, nearly 
every garden has the plaits,. and tnora de Castilla (pronounced nor-a 
icy cast-ce-ya) fruitS appCar in the markets most of the year. In 

Colombia. the mora de ('am tilla has becoie an iicreasirigly important 
cash crtop. I)rg recent years, its cultivation has increased because 

By accpt,.d delillrriolr it is aIhlackbccr\, becausc, hen picked, ilie floral receptacle 
r,, fl ll Ilhe plant ;fid r ruri, on litre 'tilr. Other than llal. it resembles a 

raspberry il tie appeararrie of ir hcaves rmd the flavor of its I riir . Like other species 
in tie genus. it exhibits a wide variabilily. 
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RASPBERRIES AND BLACKBERRIES 

The satus of the Adean berries odav is iiot markedlyv di/ferent.frol 
that ofite commicercial rahspberries and hlac/herrie.s in other par. of the 
world, evenl ill rehttiveh'recent times. 

Worldwide. there arc more than 3,500 species of tie genuls Rilhi.s. 
These are brambly. wild bushes that carry edible rtil. T'o (subgenera 
Et'bctccs, the blackbcrries. and IdC'olhtu.x, the raspberries) have enormous 
commercial signilicance in many cOuntries throughout the world: most of 
the rest are little known. Eveti the commercial species were neglected 
until the last century. Blat kberries (thcre are several ditferent species) 
were first cultivated in the United Slates in the I00s. becoming common 
about 1850. 111 Furope although blackberries had been gathered for 
centuries. their cultivation as adomestic crop is perhaps even more recent 
than in the United States. The red raspberryv iC/eA) a wild(I/uChid. . 
European bramble, was first domesticated in Greece and Ital, in about 
1000, and the black raspberry (R. oCcidt'ntlri and /. h'oCd('rMi.S) was 
domesticated in the United States within ibe last1() years. 

it is profitable, and because its fruits are no\, exported to the Uniled 
States. More than 2,500 hectares are planted in it. and Bogotatnear 

1,300 hectares are in coinmercial production. Three commercial 
vari
eties have been selected aid atdc tinder ctltivation in Colombia. 

Although it is often the most common blackberry in the Andeani 
rarkets. the mora de Castilla is barely known cls,..where. However,
it has flourished in I aili and is being grown in a small way in Guatemala 
and El Salvador. This couIl be an indication of' its fluture spread. 

Mora ie Castiilhi is one of the Andean berries that is said to be 
superior in flavor arid quality to most cultivated blackberries and 
raspberries. Its frut its are large (up to 3 cm long). When fully ripe, they 
range from dark red to nearly black in color. Their seeds are small 
aid hard, with little flesh adhering to them. In flavor, they are rich 
and rather tart, titch like loganberry, making them well suited for 
eating fresh as well as for use in juices, jams, and prserves. They are 
exceptionally juicy (the ilce has a striking, purple-red hue) and make 
excellent jam, which tastes like jam made from black raspberries.

The plant is a vigorous shrub of ]luXuriant growth that, climate 
permitting, produces ft-nit year-round. Its canes, 3-4 in long, are armed 
with small, bul very annoying, hooked prickles.2 They have at whitish, 

'The hooked prickle,, om canes and stens. and especially those on backs of leaves,
make working on the plants disagreCable. Tllcey adhere to skin of the backs of hands,
as well as to most gloves. Smooth gloves made of heavy plastic or hard leatier are the 
only answer. 
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waxy surface, which is characteristic of the species. 
This apomictic species can be grown from seeds, but is normally 

propagated vegetatively (using tip layers or stem pieces) because it 
yields sooner. It grows well on many types of soil-reportedly thriving 
in almost anything from heavy clays to loose volcanic sands.3 None
theless, it does best on moist, organic soils. 

Although the species has not had the benefit of much modern 
horticultural atlention, in well-tended plantings its annual yields are 
said to reach 20 tons per hectare. Improved cultural methods are 
needed, such as growing the plants on trellises (already done success
fully in El Salvador) as well as means of controlling pests and diseases. 
These problems are being addressed in programs in Colombia and 
Venezuela. 

Like other Ruhuns species. it exhibits wid. variability because of' 
segregation. For this reason, selection of outstanding plants and 
vegetative propagation may be an easy way to establish superior 
cultivars. Successful crosses have been made between mora de Castilla 
and a nunber of other Ru/tms species. So far, however, most of the 
hybrids have been infertile and Licking in hardiness.4 

Giant Colombian Blackberry. The giant Colombian blackberry 
(Rubtt IM'nrocrt1wUN) is native to a narrow, rather inaccessible zone 
in the higher areas of Colombia (2,600-3,400 m elevation). Its canes, 
leaves, and flowers resemble those of blackberries, while its light red 
f'ruits resemble raspberries in appearance and loganberries in taste. 
Cultivated fruits Hire huge-up to 5 cm long and 2.5 cm wide-several 
times larger than today's commercial berries. Well-grown f'ruits are 
said to be as big as a hen's egg. A number of* attempts to grow this
species outside its natural region of dispersal have failed , and to date, 

no hybrids between this and other Rubus species have been produced. 
The fruit is marketed in Colombia but is usually classed Is a 

ztrztanloru'" (wild bush berry), to distinguish it from the mora de 
Castilla. When ripe, it is -,%,inc red, with compact pulp and slight 
acidity. 

Mora de Rocota. At the end of' suLmcr, peasants gather various 
wild berries, collectively called ''zarzInOrs,'" and sell them in 
practically all Andean markets. Housewives buy them to make delicious 
Jams and drinks. Chile exports some to Europe.

'[he mora de rocota (Rubus ros'us) is one of' the three leading wild 
zarzttmoras of Bolivia. Peru, and Ecuador. When ripe, the fruits are 

Popenoc. 1924.
 
Inlormation from It.K. Hlall.
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about 8 mm in diameter. Because the plant has been given no selection, 
its fruils are variable in quality; they are sometimes pleasant and juicy, 
and at other times are barely edible. They contain numerous, though 
hardly detectable. small seeds. 

Mortifio fruits closely resemble the biueberries of the United States, 
and superior types could prohably be developed into commercial crops 
f'or temperate climates and tropical highlands. 

Andean Blueberry. This blleberry7 (Vw ' inium uwridimuI,) grows 
between 2,400 and 4.000 m elevation ill the cold, windy highlands 
(Id;ralnos)of Colombia and also bet ween I,(0( and 2,000 m in the 
mountains of' Ji aica. 

It is i shrub 1-4 in tall, or sometimes a tree growing Lip to 13 i1 
high. with reddish, flaking bark. The berries are black, nearly round, 
and abotl I c1m1in diameter (larger thln most hIteherries . They are 
sweet and juicy and are borne in clusters of 1(-15. The skin is 
somewhat tough and may be difficult to digest. 'Ihe fruils are marketed 
in 13gota and a'e popular in rceserves, pastries. f'rozen desserts, and 
wines. 

(.gni. Oultside of*Chile. this plant (AIv,'ius ugn) is one of the least 
known commercial f'ruits: almost nothing about it can be found in the 
international research literature. In Chile, however. ugni' is not only 
cultivatLed, but the processed fruits are being exported to fill a growing 
demand in Japan. 

The fruits are ohlate, tip to 1.5 cin in diaineter, and purplish to deep 
cranberry in color. They are said to fill the air with the fragrance of' 
strawberries and have a pleasant wild-strawberry taste.' L.ike the 
cranberry of North America.' they have a "spritely" flavor and make 
piquant drinks, desserts, Jamns, and jellies. 12 

The slow-growing evergreen shrub reaches about 2 n1 in height and 
flowers in 3-5 years. It is drought resistant and tolerates some frost. 
With its profuse, pink-tinged blossoms, it makes a showy ornamental. 
In Chile, most ugni is found growing wild in mountainous f'orest 

Locally called "'agraz."this iruil is not to be coniused with the "agraz," or bejuco
tie agua, Vii.%iifioiblia. that prospers only hel I .8010 ni fhoin (olonlbia to Mexico 
as well as in the West Indies. 
S vnon ylil5 are ImI.i reinadio and l1 .'tni oi'ni. 

" ()ther co no1 iales include 1i1ri.1l||lrlit, mnurlilla, si l'bemrl'', inyrile. ('hilean crall
berry, and ('hilCan glavai. 

Botanically speaking, Ligni is a myrtle and not related to ihe cranberry (which ihe 
small red berries so resemble in appearance) or to the olher berries in this chapter. 

VaccInitti' iiolrocarpon. 
These jellies %%ere afvworile of Queen Victoria. 
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clearings south of' Temuco.l' is also highly prized inIt city gardens 
and is sometimes used as a border hedge. The sweeping branches 
establish roots when they contact the ground, and ugni can be easily 
propagated froml such offsets as well as from cuttings and seed. In 
addition, researchers at the University of' Concepci6n. Chile. have 
developed h.chniciuic- for large-sctle production of selected types using 
tissue cUilI'_i. 

The plant reportedly bears well on the coast of' California, is 
commonly grown its an orimanen tal ina tie sothern United States, and 
is also folund inI New%Zc:,a nd." 

PROSPECTS
 

The Andes. At present. little or no effort is being exerted to 
cultivate or doinesuicatc most of these Andean berries. Researchi is 
now needed to deterinine thei irange, types, anld distribution. Additional 
inforniat io on the plienohogy and morphology should be gathered and 
an evaluation made ol tile con mercial potential of each species, 
including the technical problems to lbe overcome. These results could 
then he used to direct ttlellpts al domnestication nitd ilpl\oved use. 
(ernplasnl collections will allmost certainly tiurnill) tile high-quality 
specimens needed for lare-scale success. The developimeint of' basic 
cultivttion practices %%ill enable plantations to be established and 
m1allagenleill sr'tCegies 1o bc ft'nmulated. 

It is likely that donisic;iton of the wkild species will produce a 
cultivated f'ruil lager and s\\ceter Ihan today's. Ilowevcr, there is 
also prolise 1o the %Ilt berries, as many people prefer their tartness. 
The existing slands of %.Ild and scunlidonlesticated plants can be made 
more productive h', pruning to prIMthlcc fruiting litterals, instead f' 
leaving them to decvlop tmchcck,.d. as i, no\ t lie case. 

EfI'ftorts to these b ,,,ill probably be successt'ul-as isexploit \:ies 
being denonstrated in the departments of .'indinamarca and Boyaca
in Colomlbia. There. small-scale gro% cirs have organized into farners 
cooperati\ves, and have created i prosperous agroindustry based on 
the illol. de ('astilla. 

IEiierging technologies could make these f'ruits even more valuable 
cinlercially. For example, in North America,. the drying or freezing 
of' fruiits to extenii their maiketing season has not been as effective 
with bhlucberries as it has been with other fruilts. IHowever. explosion 

" II is OilitIfI CS cOilhiic'tt \ itl i tiI IiLklcI ,piT(anfllh i r0. \k iich is resricIed o(ihe Chilean co'l'i,l and M l,ich has L'ilgel leaves+and latimer herri¢,, 

W\.R. Svskc" \krilcs Ihl "i' is ;I iily Commnin hnin ingardtl i Ininy cooler paris of' 
Nr'4%,Zatliid tme,'ali+se , 

it holemle -III (C ii ho .i liling i stifler an\ damiage. 
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puffing-a process used for drying many fruits and vegetables-has 
recently been used successfully. This may greatly eximid many markets 
for these popular fruits and could perhaps be applicable to the South 
American blueberries also. 

North American growers have trouble supplying enough blueberries 
to consumers at home and abroad. given that tile harvest season is 
only 6weeks in the spring. Thus, the success of new technologies for 
preserving berries would open the possibility of countries in the 
Southern Hemisphere supplying northern markets in tile oft-season. 

Other Developing Areas. Because of* their extraordinary size and 
flavor, the mora Lie Castilla and the giant Colombian berry deserve 
trials in upland areas of the tropics. However, because their growth 
habits are not well understood and their genotypes largely uncollected, 
substantial commercial efforts should await the results of development 
trials in South Afmerica. Also, because of their vigor, thorniness, and 
easy dispersal by birds, no RullS species sihouild be introduced to new 
areas withut extreme care. 

Industrialized Regions. The main value of' these Andean berries 
for horticulture in Europe. North America, and other temperate zones 
is as sources of' genes. Because of its vigor and the size and quality 
of its fruit, the mora de Castil la. in parliclir. could prove an excellent 
sublect for crossing with northern raspberries. In addition, the un
usually large size of' tile Colombian berry i,-a valuable characteristic 
that might be combined, by means of hybridizat ion, with cultivated 
raspberries. However, previous trials have shown this plant to be 
susceptible to some North American raspberry diseases, antithe 
process of capitalh/mg on its genetic characteristics may be slow and 
diflicult. " 

Ugni suf'fers no such limitations, and it deserves trial plantings and 
development in iny parts of tihe temperiate zones. To ease its 
introduction into markets iil English-speaking regions, the fruit would 
benefit 'rom a new name. "'MurtillIa" (pronounced "illur-tce-ya"), a 
common name for it in Chile. is one possibility. Perhaps the best, 
however, is "'myrtle berry," a name now being used by Chilean 
exporters. 

" Infornmiation from (. Galletii. 





Capuli Cherry
 

Around highland villages from Venezuela to southern Peru, the 
capuliP (Prunus capil) is one of the most common trees. Easily
identifiable, it has been said to characterize the Andean region much 
as the coconut palm typifies tropical coasts. Yet it is probably not an 
Andean native: capuli (pronounced ka-poo-/e) is an Aztec word, and 
most botanist!; believe that Spaniards introduced the tree flrom Mexico 
or Central America in Colonial times. Whatever its origin, this attractive 
tree has become so popular that it is seen from one end of' the Andes 
to the other, especially around Indian settlements. In fact, it is now 
cultivated much more in the Andes than in its probable northern 
homeland, and the fruit is ol'tn" nIuch larger and more flavorful. 

At harvest, capuli fruits arc abundantly available in Andean markets. 
Capuli is a cousin of the commercial black and bing cherry, which it 
usually resembles both in appearance and taste. However, fruits are 
carried on short stalks and in bunches almost like grapes, and some 
taste like plums. They are round and glossy and are maroon, purple, 
or black in color. Their flesh is pale green and meaty, and most are 
juicy. The skin is thin, but sufficiently firm for the fruits to be handled 
easily without bruising. Although mostly eaten as fresh fruit, they can 
also be stewed, preserved, or made into jam or \vine. 

This fruit could become popular throughout much of' the world. 
Although it grows in the Andes at tropical latitudes, it thrives there 
only in cool upland areas (2,200-3.100 m at the equator: fruit set 
occurs between 10-220 C).' It is therefore a plant for subtropical or 
warm temperate regions. Some newly introduced specimens are grow
ing particularly well in northern areas of New Zealand, where little or 
no frost occurs. 

Despite its promise, the fruit also has a down side. The pit is rather 

Locally. the fruitisoften just termed "cherry- (ccreza or guinda). Little-u,ed Qucchua 
names are "murmuntu" and "ussun.'" In Englih it is sometimes called "American 
cherry.
- The narme I'rtmos comili is used extensively in agrictillural and horticultIral publica
tions. Research indicates that the capuli is actlually a large-fruited subspecies of the
North American black cherry, formally designated as Pruntim serotino stbsp. captili.
Information from R. McVaugh.

Much of the technical data in this chapter is from R.Castillo. 
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large in proportion to the size of the fruit. Also, there is Usually a 
trace of bitterness in the skin. However, in the hest varieties it is so 
slight as to be unobjecti onable and the fruits compete well with 
imported cherries. 

It is curious that this fritl doesn't halve 111o1C nCeative fCaltNes 
because it has scarcelv benefited froin concenltrated horticulttiral 
improvement and lir han been propagated primarily by seed .so This 
is not becnuse of ny inherent diffictlty: both grafting and budding atre 
easy and sUccessf'tl. and the plant also roots easily I'from softwood 
cuttings." 

The tree is extremely vigorots. It sets IloW ers and frtiits heavily in 
its third-Or even in it, sCconid-vCar of' growVth. It cevlituaily teaches 
10 ill olrmore in height. Apparently. it is not ex\actintg in its soil 
requiretments and gr\\.s an reasonably f'ertile site. Itcan%\ellon e 
thrive in pool grtinmd . even ckiv'. and seems to preler dry sandv soils. 
Although resistant to dattping-oft. powder, nildew. and other seedling 
diseases, it is susceptible to the common hack-knot Iungls" and does 
riot thrive in w et are:s (arteas receiving 30(-I.8()0 t11u arc said to be 
best in lcuadotr). 

Apart f'rotn hearing fruit, this is tuseful. f;isi-gro\\ iig timbe' and 
ref'orestatlion sp cies (hecause it produces illpoor soils, cost of 
produhction is also lowCred)..A ears its Wood isf\ y1. atlr planting. 
suitable for tool handles. posts. filrc\ood, and charcoaf. After 0--8 
years it yields an excelltt reddish luber for guitars. f'urnitire. coflitm, 
'Ind other premiunl proLutcts. The %wod is hard is l'esistllt to insect 
and f'tMgus damlagc. and sells t[ high prices.' Young hranches are 
supple and stronig. like willo\ catnes. and the prtmnings are otren used 
to make baskcs. 

Capuli seems parliclatly ,tiiahble for .gro orestry systems. Its deep 
roots help prevent erosion. atnd it manM 1ot dry the soil. It can be 
iiterplatted With lield crops such as nll'alfa., corn. and potatocs. It is 
igood plant for wind pI'tectiotI atid it acts !ike aibiological barrier

ithe birds etjoy its fruits so much they leave nearby crops alone.", 

PROSPECTS
 

The Andes. Ilorticulturists in the Andes should investigale this 
species soon. Becanuse of its fine \ood working and fuel qualities, trees 
are disappearig from some areas, with consequent loss of valuable 

In tilehilt 1980s. gnIated tiee', mle m.t Co0nnie 1111 11W illI'cmINLdt r. ln1ft'ommlliOll foiln13.l-raso and R,.(';tsillo. 
lnfornmitionl Iom 1'.I)elIrc.k .
 
IflftIntlfmion uom I'. I)' Tredici.

Infotrnialion lroin R. (';slil],
 
Info~rmatlion fromnt11. Fj:;iso
.
 



rC 

t K< 

Ambato. Ecuador. Although the capuli is kno%%n throughout Latin America. and probably originated in Mexico. it i" in the Andes %%herethebest types in si/e. color, and flavor are found. Great quantities appear in nalive markets. especially in Ecuador. here the capuli is animportant food. not only -.f the Indians. but of all the inhabitants. After the Conques!. it \%,as at times a mainstay of the invading Spaniards. 1,The best capuli cherries (right) have dark maroon skins, firm lexture. juic ureenih-bro\%n flesh. and a flavor resembling that of the common 
cherry. (D. Endtl 
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germplasm. There are excellent possibilities for selecting better tasting. 
fleshier fruils. With vegetative propagation, selected horticultural 
varieties coul become increasingly importlanlt and widely popular in 
many parts of L.atin Americia where only the inferior seedling forms 
nov, gro\." SOlei fees alre,'A produce large anrd flcshy finils, and it 
is importilanl Io se!cot nd piopagate hem b) bidding or graftil . i 

Flavor differences i-c parricuilarbl Important. The fruit of' manll rees 
are so hitter ais to be disacrecCiblC. \ hercias others (ofeln called "'capuli 
chariclihla' are sweet, pleasa.t. anl dcliciois. lhis ty'pe, which coml
pares favorabl v"ith inrpoI'Cd chriieTS. shorrild be selected anL prop
agared . (The recion arounid Alito, E'culador. is said to he a good 
source.) 

As demandrincreasCs. ploce.siig facililtic should hecole avalahblc 
to Sm11ooth oul.t the price svilgs caliCI , ghilt ilin scrci.y 

Other Developing Areas. ,\Ihotgh this trec iS knovrn throughout 
most of tihe .\ricricas. tihe best f.lruil, arc fhamiud ill the Anides. Andean 
capulis deCrvc seriorrs ttcntion ill other L,1tir1 .\rier1i:"1i courntries as 
well. It is anll Cellclt Strcl trec ' Cra adding sh;dC,r arLs 
bealutilication, ainl C\Cl a little lilitiiloul. (Ill do.vItowri Quito, for 
example, it iSIot linlloriOlri to See schoolchildren clrli ering f'i l'r'uit 
inl tile capuli tr-es b thle brrstps 

It also has promise otisicC tihc Alelicais. It Call be cultivatCd in 
rllrrv region"s. inclitill7 olloe where IELuropean cherries arc not Sue
cessfill. It may be of ' Itl in llany parts of Asia Minor. northern 
India. ard other reCions with siriri0:' cliliale. (Strict oiw:antine pro
cedires mu1iist, of cOirSC beh lowh d ill ile (lid World homelands 1, 
so mln.v ill',ms specics.) 

Industrialized Regions. AIthough unequal to tie clItivated L
ropeall-derived chcrris-poduhcedl b geei-'ations of selection and 
vegetative propagation-tlhC capuli flrtil is of good qtuality and has 
much potential for Irmprovement. 

The plant seems phtlloopcriod insensitive and sufficiently hardy to 
perilit successflil cultivalion as fiar inorth as California, Florida. and 

Iecaiei seeds have ileal-tv 10 perceli gernination, ihey are generally sown where 
rhe rce is lo gruw. tnfrmaion froln R. ('aslillo. 
I"A colleclion ofil mosl !u0icc' ,sioiis has been planted i Snia Caitalini. near Qrrilo. 
ninformal R. ('astillo.ion fromr 
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the Gulf states of the United Slates. Indeed, it has already grown and 
horne fruit in Massachusetts (420 N).'' 

As noted, this South American cherry has recently been introduced 
to New Zealand and also deserves greater attention in certain paris of 
southern Lurope, incliding the shores of the Mediterancean, and 
perhaps South Africa and Australia. Trials are already under way ill
 

"
Sicily, where the tree is growing well. 

" Where it holds itsleaves inlo January and has survived intermillent temperatures of
less than -20C. Information from P. Del Tredici.
I Infornation from A. Raimonado. 





Cherimoya
 

Universally regarded as a premium fruit, the cherimoya (Annona
clerimola) has been called the "pearl of the Andes," and the "queen
of subtropical fruits." Mark Twain declared it to be "deliciousness 
itself!" 

In the past, chcrimoya (usually pronounced chair-i-inoy-a in English)
could only be caten in South America or Spain. The easily bruised,
soft fruits could not be transported any distance. But a combination 
of new selections, advanced horticulture, and modern transportation
methods has removed the limitations. Cushioned by foam plastic,
chilled to precise temperatures, and protected by special cartons,
cherimovas are now being shipped thousands of kilometers. They are 
even entering international trade. Already, they caln be found in 
supermarkets in many parts of the United States. Japan, and Europe
(mainly France, England, Portugal, and Spain).

Native to the Ecuadorian Andes, the cherimoya is an important
backyard crop throughout much of Ecuador, Colombia, Venezuela, 
Bolivia, and Peru. Chilcans consider the cherimoya to be their "national 
fruit" and producc it (notably in the Aconcagua Basin) on a considerable 
commercial scale. In some cooler regions of Central America and 
Mexico, the plant is nat uralized and the fruit is common in several 
locales. In the United States, the plant produces well along small 
sections of the Southern California coast where commercial production 
has begun. 

Outside the New World, a scattering of cherimoya trees can be 
found in South Africa, South Asia, Australasia, and around the 
Mediterranean. However. only in Spain and Portugal is there sizable 
production. In fruit markets there, cherimoyas are sometimes piled as 
high as apples and oranges.

A good cherimoya certainly has few equals. Cutting this large, green,
heart-shaped fruit in half reveals white flesh with black seeds. The 
flesh has a soft, creamy texture. Chilled, it is like a tropical sherbet
indeed, cherimoy;, has often been described as "ice-cream fruit." In 
Chile, it is a favorite tilling for ice-cream wafers and cookies. In Peru, 
it is popular in ice cream and yogurt. 
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World demand is strong. In North America and Japan, people pay 
more for cherimoya than for almost any other fruit on the market. At 
present, premium cherimoyas (which can weigh up to I kg each) are 
selling for up to $20 per kg in the United States and more than $40 
per kg in Japan. Despite such enormous prices, sales are expanding. 
In four years, the main U.S. supplier's weekly sales have increased 
from less than 50 kg a week to more than 5,100 kg a week. 

Today. the crop is ftr from reaching its potential peak. Modern 
research is only now bein, applied-and in onlyia few places, principally 
Chile. Argentina. Spain, lie Canary Islands. and California. Nonethe
less, even limited research has produced a handfrl of'impvwed cultivars 
that produce I'i'tit of good mlarker size (300-600 g), smooth skin, round 
shape. good flavor, juiciness. I0%seed ratio, resistance to bruising, 
a.id good sto'agC qlual ities . WithI these attributes, larger f'Lture pro
duction and Cxpanded trade seem inevitable. 

:lit growing cherimovas for co r cic ial cousunpt ion is a dainting 
horticultural challengce. I order to produce large unif'orn fruit with 
an tilnbroken skil iind a large proportion of pulp, the grower must 
attend his treces contanltly front plantirig to harvest: each treeiinust be 
pru ned. proppeCl. tld-at least in some countrics-each flower llust 
be pollinated hv ha1d. 

Nevertleless. tile expanding markets made possible by liew cultivars 
arid greater world interest in exotic produce now justify the work 
necessary to pro d ice quality chrimoya f'ruits on a large scale. 
iveit tl ly. production couild becorie a foi ir-sized industry in several 

dozen countries. 

PROSPECTS 

The Andes. Although cherimoyas ai'e loind in markets throughout 
the Andean region, there has been little organized eval uation of the 
different types, the hiorticultural riethods used, or the problem,,growers 
encounter. Given such aittenitiori. as well as iniproved quality control, 
the cherirnova could become a much bigger cash crop for rural villages. 
With suitable packaging increasingly available, a large arnd lucrative 
trade with even distant cities seems likely. Moreover, increased 
production will allow proccssed products-sttch as cherimnoya concen
trate for flavor, ice crearln-to be produced both for local corisniilption 
and for exp,,rt 

Other Developing Areas. lverywhiere these fruits are grown, 
they are immediately accepted as delicacies. Thus, the cherimoya 
promises to becoie a major commercial crop for niany subtropical 
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the fruit could become a valiable crop. In Austral ia and Sout h Africa, 
the cherimova hybrid known as atemoya is already commonly culti
vated (see sidebar). 

The cherimoya could have an impact on international fruit markets. 
The United Kingdom is already a sihstantial importer, and, as superior 
cultivars and improved packing become commonplace. cherimoys 
could become as familiar as bananas. 

USES 

The cherimoya is essentially a dessert fruit. It is most often broken 
or cut open, held in the haIid, and the flesh scooped out withI a spoon. 
It can also be plreed and used in sauces to be poured over ice creams, 
IMousses. tnd CIIStatds. IIn Chile, cherimoya ice cream is said to be 
the most profitable use. It is ialso processed into lietari'S an1d fruit salad 
mixes, and the juice makes a delicious wine. 

NUTRITION 

Cherimoya is basically a sweet flrutil: Slgiar contit is high, acids, 
low. It has mode"ateC anion1ts of calcium and phosphorus (34 and 35 
mg per 100 g). Its vitamin A content is Modest, but it is a good source 
of thiamine, riboltavin, and niacin. 

HORTICULTURE 

Bccause seedling trees us Ily bear fruits of varying quality, most 
commercial cherinioyas are propaga ted by budding Or grafting clonal 
stock (Into vigol'ols Itsltock. I[owevcr. t few forms colmie true froli 
seed, and in some areas seed piopagation is used excusively. 

'[ile trees are usually pried du'ing their brief deciduouis period (in 
the spring) to keep them low and easy to manage. 'rhe branches are 
also pruned selectively after tie fruit has set-fOr example, to prevent 
thein rubbing against tie fruits or to ericourage them to shade the 
fruits. (Too much direct sunlight overheats the frtits, cracking then 
open.) 

Under favorable coliditions. the trces begin bearing 3-4 years after 
planting. However, certain cullivars bear in 2-3 years. others in 5-0 
years. Many growers prop or support the brianchies, which can get so 
heavily laden they break oft. 

IInftorm tion from S. Dawes. 
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Pollination can be irregular and unreliable. The flowers have such a 
narrow opening to the stigmas and ovaries that it effectively bars most 
pollen-carrying insects. Honeybees. for instance, are ineffective.2 In 
South America, tiny beetles provide pollination, but in some other 
places (California, for instance) no reliable pollinators have been found. 
There, hand pollination is needed to ensure a high proportion of 
commercial-quality fruit.' 

HARVESTING AND HANDLING 

The fruits are harvested by hand when the skin becomes shiny and 
turns a lighter shade of green (about a week before full maturity). A 
heavy crop can produce over I1,000 kg of quality fruits per hectare. 

LIMITATIONS 

A cherimoya plantation is far from simple to manage. The trees are 
vulnerable to climatic adversity: heat and frost injure them, low 
humidii) prevents pollination, and winds break off fruit-laden branches. 
They are also subject to some serious pests and diseases. Several 
types of scale insects, leaf miners, and mealy bugs can infect the trees, 
and wasps and fruit flies attack the ltits. 

Pollination is perhaps the cherimoya's biggest technical difficulty.
Not only are reliable pollinators missing in some locations, but low 
humidity, especially when combined with high temperatures, causes 
pollination failure, these conditions dry out the sticky stigmas. and 
the heavy pollen falls off before it can germinate. 

Hand pollination is costly and time consuming. However, it improves
fruit set of all cultivars under nearly all conditions. It enhances fruit 
size and shape. It allows the grower to extend or shorten the season 
(by holding off on pollination) as well as to simplify the harvesting (by 
pollinating only flowers that are easy to reach).' 

' The male and fernale organs ola flower are fertile at different tiines, Iloneybees visit 
male-phase lowers but not fenale-phase flowers, which offer no neclar or pollen.

Reviewer G.E . Schatz writes: "Pollination is tndoubicdIly effected by small beetles, 
most likely Nitidulidae. They are altracted to the flowers by the odor ermitted during
the female stage, a fruity odor that mimics thcir norinal mating and ,wipositing substrate, 
rotling fruit. There is no other 'reward" per se. and hence il is a case of deception.
The beetles often will stay in a flower 24 hours-the flower offers a sheltered mating
:sie, safe from predators dUring daylight hours. Studies on odor could lead to improved 
pollination." 

California growers use artists' paint brushes wilh cut-down bristles to collect pollen
in late afternoon. The next morning they apply it to receptive female flowers. 

Schroeder. 1988. 
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The fruits are particularly vulnerable to climatic adve-rsity: if caught 
by cold weather before maturity, they ripen imperfectly: if rains are 
heavy or sun excessive, the large ones crack open: and i,humidity is 
high, they rot before they can be picked. 

The fruits Must be picked by hand, and, because they mature a' 
different times, each tree may have to be harvested as many as 10 
times. In addition, the picked fruits aie diflicult to handle. Even when 
undamaged, they have short storage lives (For example, 3 weeks at 
1W) unless handled with extreme care. 

The fruit has a culinary drawback: the large black seeds annoy many 
consumers. However, fruits with a low number of seeds exY;t.' and 
there are unconfirmed reports of seedless types. So far. however, 
neit -.er type has been produced on a large scale. 

RESEARCH NEEDS 

'rhe following are six important areas for research and development. 

Germplasm The danger of losing ULniqlie and potentially valuable 
types is high. A fundamental step, therefore, is to make an inventory 
of cherinloya germplasm and to collect genetic material from the 
natural populations as well as from gardens and 0rchards. especially 
throughout the Andes. 

Selection Future commercialization will depend on the selection 
of cultivars that dependably produce large numbers of well-shaped 
fruit with few seeds and good flavor. Selection criteriat could include: 
resistance to diseases and pests, regular heavy yields of uniform fruit 
with smooth green skin,.juicy flesh of pleasant flavor, few or no seeds, 
resistance to bruising. and good keeping qualities. 

Pollination The whole process of pollination should be studied and 
its impediments clarified. Ctlrrently fe N, if' any, specific insects have 
been definitely associated with cherimoya pollination.' The insects 
that now pollinate it in South America should be identified. Spain, 
where good natural fruit set is common in most orchards, might also 
teach much." Selecting genotypes that naturally produce symmetrical, 
full-sized fruits may reduce or eliminate the need to hand pollinate, 
bringing the cherimoya a giant step forward in several countries. 

Cultural Practices Horticulturists have not leacned enough to clearly 
understand the plant's behavior and requiremnts. Knowledge of the 
effects of pruning, soils, fertilization, and other cultural details is as 

Flesh: seed weight ratio, m :I to 30:1 have been reported.
 
Schroeder, 1988.
 
rInformnation f'rom J.Farr 
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yet insufficient. The current complexity of management should be 
simplified. Evaluation of' tile plants in the Andes, and the ways in 
which flirmers handle them, could provide guidance f'or mastering the 
species' ho ticultlure. Also, there is a need for practical trials to identify 
more precisely tile limits of tile tree's environmental ntildmanagemenl 
requirenlents. 

Intensive cultural methods, such as trellising and espaliering , .may 
help achieve naximuin production of high-quality fruits. These growing 
systems facilitate operattiOnS sLch ;s hand pollination: tiey,also provide 
support for heaivy crops. 

Breeding Ongoing testing of' superior cIiltivars is needed. Low seed 
count, good keeping qualit., and good flavor have yet to coincide in 
a cultivar that also has superior horlictitural qualities. In addition, it 
is advisable to grow .1ionSof seedling chlerinioyvIs areaspolaf ill aIIl 
where this crop is adapted. IFron these variable seedling plants, 
selections bCased on local elvirIonlmenta1.,l conditions ll!can be made. Elite 
seedling selections can b1e multiplied ly budding or graftirg. Mass 
propagation of' sterior genotypes hy tissue ctture could also provide 
large num11lbers of qualtly plants. 

Illproved cheri 1o\ 'as iiight be dCeelped 1y control led crosses and. 
perhaps. hy making stL'rile. seedless Iriploids. Breeding for large flowers 
that can be llore easily pollinated might even be possible. 

Hybridization NI e rube rs of tlie genus ,1l/1o/1t hlvbrid iZe readi ly with 
each other (see sidebar). so there is considerable potential for producilng 
new cherimoyalike fruils tperhaps seedless or pink-fleshed types) that 
lave valhable collllercial and agronlllic traits. 

Handling Improved tecIhiq es1 fbr handl inrg, shippg,, and storing 
delicate fruits would go a lOng way to helping th1e cherimova fulfill its 
potential. Ways to reduce the effects of' ethylene should be explored. 
Cherimoyas produce this gas prodigiously, tld in closed containers it 
causes theii to ripen extremely l'ast. 

SPECIES INFORMATION 

Botanical Name Annona cheriiola Miller 
Family Annonaceae (annona famil\') 
Common Names 

Quechua: chiriiiya 
AyInara: yuructira 
Ithas been reported fhat on Madeira. trees were espaliered so succcssfully ihat in 

somle focations they have replaced grapes, the main crop of the island. 'he branches 
were trained so that fruit ripened in shade. 
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Spanish."chirimova, cherimoya. cherimalla. cherimoyales, anona del 
Peri, chirinioyo del Periu, cachinmin de la China. catuche. momona, 
girirnoya, masa 

PorlL1g'ue.se: cheriniolia. anona do Chile, fruta do conde, cabeqa de 
negro 

lfnn'li. h: cleimoya. cherimoyer, annona 
Frech: chriniolier, anone 
Italian: ceriniolia 
Dutch: cherijulia 
(erman: Chirimlovabaim. Cherimoyer. Cheriniolia, peruanischer 

Flaschenilaum . Flachsba Miin 

Origin. The cherimoya is apparently aniancient domesticate. Seeds 
ha1e been ftound inl Peru vian archeohotgzical sites huInd reds of kilometers 
Ilron its native habitat. and thc frtil is depicted on potlery of pre-Inca 
peoples. The wild trees occur particularly in the I oja area of sonuthI
westerln Eiuador. where extensive groves ate present in sparsely 
inhabited areas. 

Description. A small, crci, or somlies spreading thetree, 
cherimnoyai rarcl rteaches more than 8m in height. It often divides at 
the ground i'lo several main steis. The light-green, three-petaled, 
perfect Ilowers are abotl 2.5 cm hog. The fruit is an aggregate,
 
composed of ma 
il'sed ca rpels. I)epending onldegree of pollination, 
the fruits a'e heart-shaped. conical. oval, or irregular in shape. They
normually weigh iabot (0.5 kg. \ itlh some weighing Lip to 3 kg. Moss 
green in color. they have eithcr a thin ot thick skin: the sutrface can 
be nearly smooth. bitlltslllv bears scalclike impressions or prominent 
prot 1ic lince s. 

Horticultural Varieties. A nunber of cultivars have been devel
oped. Nearly every valley in lcuador has a local favorite, as do Most 
areas where the fruit has been introduced. Named commercial varieties 
include looth. White. Pierce. Knight. Hlonito. Chalfey. Ott, Whaley. 
and Oxhart. These exhibit great variation in clitnatic and soil require
ients 

In Spain, 200 cultivars f'romn 10 countries are tinlder observation.'" 

Environmental Requirements 

Daylengdi. Apparently neutral. In its Ilower-bud formation, this 
plant does not respond to changes in photoperiod as most fruit species 
do. 
" Information fr,'om .J. Iarr 

http:PorlL1g'ue.se
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Rainfall. The plhnt does not tolerate drought well. For good 
production. it needs a fairly constant source of w.tter. In Itatin America, 
the tree thrives under more than 1,200 mm rainfall during the growing 
season. As noted, high humidity assists pollen set, and a dry period 
during harvesting prevents water-iiduced damliage to fruilt. Also, water 
strCss just helore flowering may i icriase flower (mid hence f|ruit) 
production. 

Altitude. The cheri noVa does Ibest in relat iVel cool (tbl not cold) 
regions. a.nd is li nslilted to tihe o\\'land trorpics. (In equatorial regions 
it produc1 well only ;tilltitudes above 1.50)0 i.) 

LOW Tempxrdttur. The plant is 6rost sensitive and is even less 
hlardyv tha1 avcidos or oanes . Yong specimens are hurt. by 
temperatures of -2 C. 

Higlz f'mpuwuirt,'. The upper limits of its heal tolenince are 
uncertain, bill i, iS said that the Irce v ill not Set fruit when temperatures 
exceed 30'C. 

Soil 7-4pc. ('heriimoyay cn be grown on soils of imay types. The 
optirmum1 acidity is said to be pll 0.5-7.5. )n the other hand. the tree 
seems particularl\ adapLedIto high-calciuml soils, on which it bears 
aIblnd.nt fruits of superior fli\,or. ilec ise of senlsitlivi ty to root Iot, 
the tree does lot tolerate poorly drained sites. 

Related Species. The ge nuIs A/1m11. COmlpIosed of perhaps 100 
species mostly native to t topical America. includes some tl' the most 
delectable fruits in the tropics. Most are similar to the cherinioya in 
their structure. I.xAample5 arc: 

a Sugar apple, oi ,S eetsop (,41 olm sqIuamlosa). Su'.tropical aInd 
tropical. The fruit is ().5-1 kg. aId yellomish green or bluish. It splits 
when ripe. The white, Cstilardli ke pulp has a sweet, delicious flavor. 

* Soursop. or guanabana (A. In'licala). This evergreen tree is tlhe 
most tropical of tie annonas. The Vel low-green fruit-one of the hest 
in the world-is tile largcst of the annonas. sometimes weighing lip to 
7 kg. The flesh resembles that of the cherimoya, but it is pure white, 
more librous, and the flavor, with its acidic tang. is "'crisper." 

• CustLrd apple. or an nol (A. Oi'fiC(tiat). This beige to brownish 
red fruit oft en weighs more than I kg. Its creamy white flesh is sweet 
but is olietilnies graniulalr and is generally coiisidered inferior to tile 
other coimlonly cultivated annonas. However, this plant is the most 
vigorous of'all. and type's that produce seedless fruits are known. 

"IInfrn alion froin
.1.Farrc. 

http:aIblnd.nt
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0 llama (A. diversiblhia). This fruit has a thick rind: its white or 
pinkish flesh has a subacid to sveet flavor and many seeds. It is 
inferior to the cherimoya in quality and flavor, but it is addapted to 
tropical lowlands where cherimoya cannot grow. 

* A. Iongilpcs. This species is closely relatcd to chcrimoya and is 
known from only three localities in Veracruz. Mexico. where it occurs 
at near sea level. Its traits would probably complement cherimoya's
if' the two species were hybridized to crcate a new. man-made fruit.'' 

1Information from G.E. Schatz. 
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Goldenberry (Cape Gooseberry)
 

The goldenberryl (Physalis pertiviana) has long bcen a minor fruit 
of the Andes and is found in markets from Venezuela to Chile. It has 
also been grown in Hawaii, California, South Africa, East Africa, 
India, New Zealand, Australia, and Great Britain. So far, however, it 
has nowhere become a major crop. Nonetheless, this interesting and 
unusual botanical relative of potatoes and tomatoes has commercial 
promise for many regions.2 

Goldenberry fruits arc succulent golden spheres the size of marbles 
with a pleasing taste. They are protected by papery husks resembling 
Chinese lanterns. The attractive and symmetrical husk with its edible 
yellow fruit inside gives it an eye-catching appearance and potential 
market appeal. 

In most places where they are grown. goldenberries are now 
considered fruits only for backyard gardens or for children to pluck 
and eat. Given research, however, they could become commercial 
fruits of particular interest to the world's up-scale restaurants and 
bakeries. This is the strategy that established markets for kiwifruit in 
the 196'- and led to a multimillion dollar annual crop. Goldenberries 
already carry prestige in some international markets. Europeans, for 
example, often pay premium prices to dip them in chocolate' or 
decorate cakes and tortes. 

In addition to having a future as fresh fruits, goldenber ies make 
excellent j.am: in fict, in India, they are known commonly as "jam 
fruit." In the United States they are best known as preserves marketed 
under the Hawaiian name "poha." 

IThe plant ismore Co0 mmonly callted It not at true"'cape gooseberry.'' is.htwever. 
gooseberry. The name was adopted by Auistralians, who received their first plants from 
the Cape of' Good IHope. A less cinnbe r:onie and Imore metlluols naie could help
change its consuner image (as did Ihe chanpe from "'Chinese gooseberry"' to "kiwiffruil". 
The panel suggets the dcscripti\'e name "goldenberry," which is sometimes used in 
Great B3ritain and South Aftica and has been reconmended as the commercial nalne 
Isee Legge, 1974). Moreover. Ihc name "'goldenbcrry'" is reminiscent of other berry
fruits, such as blackberry and hiu berr ,. 

We recommend Ihis species to tomnato breeders seking a challenge.

'l'he husks are peeled back and make an attractive, cyc-catching-and tasly-dessert.
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This plant has few severe horticultural problems. It tolerates poor 
soils and is forgiving of' neglect. It is easy to grow fron seeds or 
cuttings and matures quickly. Although harvesting thL fruit is labor 
intensive, the yields arc high. 

Ail these fcatturcs would seem to Matke the goldenberry an ideal 
addition to horticulture. However. current types do not travel well, 
some have a slightly bitter taste that invokes either intense like or 
dislike, and they can be stickyv and mottled in appearance. Currently, 
the crop is probably best suited for local use as a frcsh fruit or for 
jams. Eventually. however. selections and techniques will be f'ounrd 
that deliver top-quality f'rui is to market. Then, the goldenberry is likely 
to become itwell-known international commodity. 

PROSPECTS 

The Andes. Many Andeans f, with plant itsare hmiliar the and 
requirements. The germplasin to create a global crop is in their gardens. 
Other parts of* the World U1se vast laintities of' bIueberries and 
blackberries in haked goods ald cooking: Andcan naltiais now have 
the opportnityv to cCete an equtlMd demand l'or goldenberries. Some 
counltries-Colonbia and ('hile. for Cxtmple-conId ,lddthe golden
berry to their t'resh-fruit exports. 

Other Devele ing Areas. l'he goldenberry seems destined to 
become a popitllar cash crop for smallholdcrs FIlrbeyond its native 
lands. The plant seems to succeed wherever tonialocs at'e grown, and 
it is both cidtivated and naturalized in Malaysia. China. India. sounthern 
and eastern AI'rica, and the ('abribe:t. It is likely tmat local and export 
potential f'or both fresh and piocessed truits will develop. (This is 
already occurring in Kenya. See sidebar.) 

The goldenberry plant is one of the first to pioneer newly created 
waste ;,reas. Its robustness and ada.ptab ility coud lead to cultivation 
in many now-tunsed marginal areas. 

Industrialized Regions. With rising consumer' awareness and 
demand, goldenherries will become more common in Iarmers' markets 
and urban groceries in North America. Europe, and other industrialized 
areas. They could become standard produce items, meriting intensive, 
mechanized agriculture with advanced cultivars. In addition, golden
berry jams and baked goods will become better known. 
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USES 

Generally, goldenberry fruits are eaten l'resh-many of them picked
casually oil tile weedlike plants. (hilled. the fruits provide a crisp, 
tartly sweet addition to both vegetable azid fruit salads. Sometimes 
they are sweetened by pricking the skin and rolling them in sugar, 
which they absorb. 

Goldenherries are also used iu saucs and glazes fIr meats and 
sealood, and they add an intlriguing flavor to desserts. Their tangy 
taste combines well with incas. vegetales,. and other frtuils. 

The processed flFruits are commonly used inI sauces and preserves 
such as jams and jellies.' They are also canned whole insy'rup and 
exported from South Aftrica. Sun. dried. they forI \what has been called 
.a very agreeable raisin." (oldcn berry ice cream, although now 
unknown, seems a promising vehicle Irt introducing tile fI'tit. 
The goldenberry plant is a good groti' o'ovel" for" protecting land 

from erosion. Its spreading robi!, g;'owt h rapidly covers crosion-prone 
sites. 

NUTRITION 

The goldeniherry is an excellent source of provilarnin A (3,00t0 I. U. 
of carotene per 100 g and vitamin C. as well as some of the vitamin 
13-complex Ithiamine, niacin. and vitamin 13,2). The protein and phos
phorus contents ire exceptionally high for a fruit, but calcium levels 
,Ire low., 

AGRONOMY
 

This crop is easy to plant and rnainltain. Propagation is generally by
seed. However. rooted cultings flower earlier, yield more, and grow 
true to type. The crop is normally treated as an annual, even in tile 
tropics. 
The plant forms huge, straggly Ibushes. In New Zealand, at least, it 

is grown on poor. drotght y soil just to limit the size of the bush. High 
soil fertility l'osters u.,eless vegelative growtlh, while low fertility induces 

"'Ihe .juice of tihe crr, ,o pect in andripe Collullins1Itich peciinlae ial JallS :Iad 
preserves are self-jelling and reqtire no addiional pecin. 
On)1e contained 78.9 percent %ater. (0.3percenl protein. 0.2 percentsalirte of' the fruit 

iat,19.6 p.rceni total carhohydtiate. 4.9 p,.rcclii Iliei. 1.0 percent ash. Per 10(0 g. there 
were 73 caloris. 8 ing calcium. 55 ing phosphorlus. 1.2 ing iron. ahout I g sotiutil. 
321 mg polassium, 1.460 ing I-carotem.iequivalent. 0.10 iig thiamine. (.03 nig ribollavin, 
1.70 ing niacin. and 43 ing ascoihic acid. 11t1forina1ion 0111.1.Dt)ke. 
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HARVESTING AND HANDLING 

Mature fruit will drop and can lie on dry ground for several days 
without ill effect, other than possible soiling of the husk. Shaking the 
plants and gatherini the fallen fruit helps yield more Unilormly ma1tUre 
berries. "I 

Htarvesting iS current!yV not mechanized because the dried husks 
(which should be intact for commercial fresh-fruit inarkets) shatte, 
easily. lFruits (including husk and stern) are easily removed from the 
plant with a simple twist. For processed products, machinery has been 
developed to h,k the fruit.'1 

Plants give their maximum yield th1e first setson. [hey will produce 
for 2 or 3 v;Us but 1ie fruits get smaller after the fil'st. 2 Yield is 
highly variable, dep-nding on Cnvironntlm and intensity ofrcultivalion. 
Untended plants may yield as little as 3 tons per hectare: carefully 
tended plants Cani provide 20 tons per hectarc: yields of* more than 33 
tons per hectare hiave been rCporlted. 

The berriesc,,ontinue to ripen al'ter picking. ()ver a period of 2-3 
weeks most :Ichievc a t1riliform, bright golden yellow. Soluble solids 
increaise 1"o111 I I perCnt to is r Iuch is 16 percent. 

I1 carefni lly harvested when nearly 11;ttire aid kept inside the husk, 
fi'iit s may keep for several ionithfs in a dry container. Storage life is 
infltuenced by handling. wet ness of husk at harvest, and f'ruit size. (Big 
fruits tend to split. Removing the htisk caa;ses the f'ruits to deteriorate, 
irrespective of storage conditions. ven af'ter cold storage, fungal 
infection /II' iillium and Blorvtjs is generally evident.) Keeping the 
husks irlac! mirinizes handling damage and contains mlost infections. 
Fruits in fle Iitusk have been stored (below 2"C) for 4-5 rionths before 
marked shrinkage ar1d collapse occtr. Especially good restilts have 
been achieved by drying tlhe fruits in the sun or iIn waim air (30'C) 
until husks are crisp to the totich. The fruit also f'reeZes well. 

LIMITATIONS 

In this half-wild plant there is much variation in size, shape. and 
flavor of' the fruits, time of, a1,11t1iiny. aid plant form. It has been so 

" Sheets of polvethylene or oilier snfileri1l can he ,,pread on rhe ground. Shaking the 
plants Iien drops the Irlnit on ie sheei. \hidtch can he ptlled 111Mi the fruit dumped 
inho co lilners. 
i1A mechianicat tisker has been deVelopCd M the uhniversirv ol' lawaii. (Jaw-Kai Wang. 
196. 	) 

' ilnfrumatioii troin II.Y . Nakasone. 
Int'irniam ion via J. I)uke. 
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neglected that uniform horticultural varieties and superior cultivars 
remain to be identified. Currently, it is difficult to get lines that perform 
consistently. Growers in New Zealand. at least, select their own 
favorite plants from their own fields and replicate them by planting 
cuttings. 

The plant's susceptibility to pests and diseases is not well understood, 
but when plantings are small and separated, pests and diseases are 
seldom major problems. In fact, once establishCd, the crop requires 
little attention. However, potential threats especially in large plantings) 
include birds, which pey upon the fruits: tobacco mosaic virus and 
bacterial leaf-spot, which infect the plants: and a n umber of insects 
that attack the foliage. 

Palates accustomed to sweet fruits may find the slightly bitter 
aftertaste of some goldenherries unappealing. Elven so, the uniquely 
fruity flavor is almost universallv en'joyed. 

Despite the Case of' production, this may be an expensive crop to 
produce on a large scale. The plant probably needs staking for ease 
of handling in commercial production. Morcovcr. harvcsting and 
manually husking each fruit is labor-inlensive and is timc-consuming. 
(This should not be more of a concern than with other berry crops, 
however.) 

The husk is an asset. but can a!so be a liability. It ccnceals the fact 
that the fruit inside may have split or otherwise been damaged. (The 
experience of' finding a split and rotten berry inside can be irritating.) 

This robust plant could become a weed when introduced to new 
locations. And it may be a threat to foraging animals. Its leaves and 
stems are suspected of' having caused tile erosion of' intestinal meni
branes (dipthcresis) in cattle.14 

The berry is sometimes covered with Ia sticky coating. If thc weather 
is damp, a black mold often dcvclops on this coating, although no 
harm seems to come to the fruit and the discoloration is easily washed 
(Aff. The consumer, however, is likely to rcject the whole batch after 
finding a fcw sooty berries. Of course, this is hidden by the papery 
shell and comes as a surprise to the unwary shopper. 

Only ripc fruits should be eaten. Although unreported, there may 
be toxic glucosides in the unripe fruit. 

RESEARCH NEEDS 

The following are among this crop's general research needs. 

Genetic Selection Since the 1940s and 1950s, goldenberry has been 

Information from J. Duke. 

http:cattle.14
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given almost no serious horticulhural attention. Researchers should 
now scour the Andes as well as New Zealand. South Africa, Hawaii, 
and other likely places for the sweetest and rno:t pleasant types.
Superior strains should be documented. The greatest variation is likely 
to be found along the Anden cordillera. Selection for grmth habit, 
stable characteristics. and superior fruit types can probably best be 
accomplished in this region. In particular, a determinate cultivar, 
whose fruit mature all at once, would be valuable for intensive 
agriculture. Selecting plants whose shapes are amenable to mechanical 
harvesting Would also be a major advance. 

Fruit Quality Much could be done with producing color variations. 
Fruits that are striped, variegated, and oddly shaped have often been 
observed. but so far have not been developed. 

It is easy to seiect for larger berries. but these tend to split during 
transport. Overcoming splitting would be an important factor in 
advancing the crop. The causes of splitting should be investigated. 

Postharvest handling and improved methods of shipping, harvesting, 
and storing goldenberries Would allow a greater return to the grower 
and a more satisfied consuner. (The techniques used for handling 
tomatoes might apply here. IFor example. the use of ethylene might 
be employed to force uniform ripening.) 

Agronomic Research Techniques of pruning that adapt the plants 
to mechanical harvesting could increase yields while lo%%ering the costs 
of production in countries where labor costs are high. Also, modern 
trellising methods (as used with pepino, for example) should be tested. 

There is little practical understanding of pests and diseases. Baseline 
studies are needed. 

Applying to the goldenberry tIle tissue-culture techniques developed 
f'or tomatoes and potatoes may open up avenues for the rapid propa
gation of' desirable cultivars with predictable performance. 

The use of hormones to induce fruit se,'tand increase fruit size should 
be explored. 

End-Use Research Additional research is needed on the vitamin 
and mineral content as compared with other berry fruit. It seems likely 
that nutritional quality could become atvaluable tool in pronioting the 
goldenberry. 

Research is also needed on new uses for tile processed f'ruits, 
especially in products that ship and store well--for example, marma
lades, preserves, and jas-but also in wine, ice cream, milk shakes, 
yogurt, and toppin~gs for desserts and cakes. 
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GOLDENBERRY IN KENYA
 

In the highland areas of East Africa, the goldenberry (locally called
"cape gooseberry") is popular, especially among the urban population. 
The fruit is a common item in greengrocers' shops. It is also widely
available packed in cans or as jam or preserves. 

In thc early 1980s. Kenya Orchards Limited (Mua Hills. Machako 
District) was canning 10-15,000 kg per year. Fruit purchased fromwas 
small producers in the immediate area. More fruit would have been 
processed had it bcen available. The cannery considered exporting but 
could not meet tilelocal demand, which at that time was steadily increasing.
In addition to pure preserves, the cannery produced lasty mixtures of 
goldenberry with mulberries, guavas. and peaches. Thc cannery was 
experimenting with canning goldenherry juice, but problems were en
countered with Ibrewing. precipitins, and separation after heating in tile 
sterilization process. 

Fruit coild be held. if necessary, at ambient temperatures (in the 20C 
range) for 3-7 days. if not too ripe. 
The cannery was realizing a large proii-that is,the finished products 

were selling at 12 times the purchase price of the fruit. 
Farmers in the area were giving little or no attention to the young plants 

once their seedlings or cuttings were established. However, in the higher,
cooler areas near Nairobi, at least one large vegetable producer was 
growing aIselection from South Africa tinder improved agronomic con
ditions. All fruit was sold at premium prices in the better greengrocers, 
shops. It was especially popular among the lucal Europeans and the large
expatriate popullation. who consumed it both r Wand stewed. 

B.II. Waite 

SPECIES INFORMATION 

Botanical Name Physahis pertnvitna LinnaCIs 
Family Solanace (nightshade fiamily) 
Synonym Ph.vsalis edilis Sims 
Common Names 

Q(lechlta: topotopo
 
Ayvnara: tichuba, cuchtva
 
.Spanish1: uvilla, capulf, 
 uichuva (Colombia), aguaymanto, amor en 

bolsa, cereza dcl Peril, cuchuva, lcngua de vaca, motojobobo embol
sado. sacabuche, tomate silvestre, topotopo, yuyo de ojas 

English: golden berry (South Africa, U.K.), cape gooseberry, giant 
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groundcherry, Peruvian groundcherry, Peruvian cherry (U.S.), poha 
(Hawaii), jam fruit (India). physalis 

German: Ananaskirsche. essbare Judaskirsche, Kap-Stachelbeere, 
peruanische Schlutte, judenkirche
 

Dutch: lampion
 
French: coquerelle, coqueret, coqueret du PNrou. alkik~nge du 

P6rou 
Italian: fisalis 
PortugLuese: batetesta. canlapti. camapum, groselha do Perfi, herva 

noiva do Peril. tomate inglcs. tomateiro inglcs 
ifindi: teparce. nakowi 
Sinhalese: tiol thakkali 
ialaii: jamu , Peru vian cherry 

Arabic: habwa (Sudaln) 

Origin. The goldenberry was known to the Incas, but its origin is 
obscure. It grows wild inl many parts of' the Andes (for instance, in 
Colombian forests above 2,200 in elevation), but whether these are 
wild ancestral plants or just cultivated plants run wild is not clear. 

Description. The goldenberry is a branched, shrubby herb nor
rally growing to about I Il. with velvety, heart-shaped leaves. Before 
reaching full height. side branches develop and soon grow larger than] 
the main stem. causing the plant to straggle sideways. If staked, 
pruned, and given good care, height may reach 2 Ill. 

Th( yellow, bell-shaped flowers are ezisily pollinated by insects and 
wind. (Insect pollinators, such as bees, generally appear to help fiu-it 
set.) The calyx at the basc of the flower forms a "bladder" around 
the fruit as it begins to form. eventually enclosing it fully. This husk 
becomes straw-colored and parchnientlike on maturity. In warmer 
climates, the plant can flow\'er and fruit yealr-round. 

The f'ruit measures 1.25-2 cm in diameter and contains many flat 
seeds-it is somewhat like a miniature tomato in internal structure. 
When fully mature, tlhe husk and fruit drop to the ground together. 

Horticultural Varieties. Although goldenberry has been commer
cially cultivated in some areas for more than 200 years and local 
genotypes are common, selected strains for commercial use are not 
widely available. A vigorous, large-f'ruited type (nore than 2 cm in 
diameter) has recently beer developed in Oregon (United States)."5 

" Information from Ieace Seeds. 
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Also, several plant nurseries in the United States and United Kingdom 
sell named types aimed primarily at Ftome gardeners. 

Etvironmental Requirements 

Daylerigtli. The plant is apparently not greatly restricted by day
length because it yields fruit well both near the equator and at high 
latitudes (inNew Zeal,,nO for example). 

Rainfall. At least 800 mm ot moisture is necessary during tile 
growing season. Greater amounts (up to 4,30t)mm have been reported 
it' soil drainage is good) increase yield, although excessive moisture 
can promote diseases as well as haImpcr firulit set (probably because it 
decreases pollination). 

Altitude. Apparently unimportant. The fruit is grown frol sea level 
in New Zealand. for instance, to 2,600 nlilear ttie equator in the 
Andes. 

LOW Tempcratuc'. Some tolerance to light frost has been noted, 
but plantings will not prosper when night temperatures are consistently 
lower than about IOC. 

High Temperatuire. Heat apparently does not inhibit f'ruit setting. 
In Hawaii, the plant produces fruliit where day temperatures are in the 
range of 27-3 0 C. 

Soil Type. The plant is tairly adaptable to a wide variety of* soils 
(pH 4.5-8.2), most notably highly weathered tropical latosols. "' Fertile, 
well-drained, sandy soil is preferred, although vegeiative growth can 
overwhelm fruit production if soils are too rich. 

i,Information from J. Duke. 





Highland Papayas
 

The tropical papaya probably originated in the lowlands of Central 
America, but since the time of Columbus it has spread throughout the 
tropics and become well established. Languishing in the highlands of 
South America are several intriguing relatives that should be more 
widely cultivated. They, too, may have worldwide potential.

These "highland papayas"' are particularly common in upland
valleys of Ecuador and Colombia, but they can be found from Venezuela 
well into the southern cone countries. Like the common papaya, they 
are Carica species, but compared with their well-known tropical cousin,
the highland papayas tend to be smaller, less succulent, and quite
different in taste. The vast range of their diversity has not yet been 
collected or codified to any extent, and surprising discoveries quite
likely await explorers, researchers, and entrepreneurs. 

These mountain papayas incorporate a wide array of flavors and 
qualities. Although some specimens are tasteless and many have to 
be cooked with sugar to make them palatable, a few specimens are 
highly appealing as fresh fruits-having mild, fresh, melonlike textures 
and flavors. E xtrcmely fragrant, they add an alluring scent to meals 
or special occasions. The types used for cooking are appealing in their 
own way. They are commonly added to soups and stews, to which 
they lend rich, fruity flavors. 

Generally speaking, highland papaya plants resemble the tropical 
papaya plant in appearance and have similar cultivation requirements.
All are -herbaceous trees." All can have enormous yields: often 
within a year or two of planting, the palmlike trunks are stacked with 
60 mature fruits; some can have as many as 200. The fruits look 
somewhat like papayas, and all contain the enzyme papain-at least 
when immature. 

There are four important potentials for these crops: 

* Direct use. The types that produce tasty, high-quality fruits could 

We have elected to use "'highland papaya," as a collective name for these Andeanspecies, They have an utterly confusing variety of local narmes, the same word often
being applied to different fruits in different areas. 

253 
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be propagated 
already entering international 

* Creating n

and commercialized. One, 
trade. 

ew fruits. HIighland papa

th2 babaco (see 

yas are fascinating 

later), 

"raw ma
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terials- from which new fruits can be created. Given their great 
variability and the fIact that many ale interfertile. tile opportunities for 
generating new taste combinations arle iinmmense . Ih-Iotictlturiists in 
several South American countries, as well as in New Zealand. Australia, 
Taiwan. Singapore. Italy, and Israel, are now exploring such crosses. 

* Extending the range of papaya cult ivation. These Andean cousins 
come from subtropical areas with elevations tip to 3,00 ili. Their 
genetic endowment for cold resistance could be of great significance: 
adding 	a few degrees of ci.old adaptilility Could expand enormously 

2the world's p'odtctiol of. and ;Ippreciai[on0 for, C0omon papayas. 
They might. for ilstance, result in papayas that are suited 1t sutlbropicil 
regions (Such as Southern Califocnia and the shores of the Mediter
ralleanii) w'here commierci al papa%a cultivation is now impossible.' 

SlImproving pIIap production. The tropicil pIpaya is pligued by 
pests. (enes fron highlknd p;Ipiaysi haCve al,[reIdv beeil effectively 
employed in creating culiivars for reions Mhcre diseases (especially 
virunses) and pests (Such as fruit flies) now restrict papaya cultivation. 
but MOre genetic beefits remainI to be Lapped. 

The following pages highlight Six promising A ndeai highlind papayas 
(four species and two hybrids). 

SPECIES" 

Chamburo. From Panama to Chile and Argentina, the chamburo 
(WaricafIdbe.( i'n.") is commonly found around mountain villages. It 

2 The highland species are dificultit) tcross with colllolln papaya using traditional 

breeding techniques, b)ut Inewer imethods seem likely to make itie process routinefl 
siccessil. For e\itlliple. tissiue cltile rechniiques ro propagare planis 1roll1ferile hill 
lonViahile seeds add all iiporlilnr ool Io I icl ques (or new p;ypaya comnbinarions. 
inloinmalio from .1. Mainea, R. hir,/. and II.Y. Nakasole. 

Ilighland papayas will nor wilistand he,.avy Imo st. buir rhey yield tinder cooler climatic 
conditions rlian riorial iq;,p plaii,, Their ltvels and frtuits are less affected by cool 
xvatieI. ThIIs. the\ prIucdle ripe lIIIl ir cool reiipel miIes +here lorlmalpilpuvIla fIuils 
remain61ilTmmature anidmiid~11nlil thi.e.101. 

' For rie sake of' simlticily, throulghut the chuapler .e have used file scienlilic namies 
11971 ohI I'ids. ()nkIoifI .adilo for species. anid thOse 0 filon ( 1921 ) ;I0 h h time most
 

com mlon of,iI e 1 tiillirdinsllS symlloll%ills irelisted.
 
'Othel coiiion lialili.s jnu t.lidechdlMil1iir, chitimm1hiiiii, c1li bllhIIra,papaya de olor. papaya
 
tie intlni iltriit l'il tielieirai fria. col tie inite, iapiaynella. papayto.
, papiyi tie fV,p 

sigl lohl, chihlilll. chiehillill , bl ijete 1Mexicoh ;, d ulluntalnitn 'ii il or IlMountain 
pawpim. tS;llle of' Ilfese names are alsotused for otlher highland papayas. In soutlhern 
Ecuador aIweil as, oultside tle Andes 	 finles Ilotaly New Zealand). name "chaiiiburo" 
comnonly refers loC"i0a .slipulahm (see below. 

Stirictly speaking, the botanical naie is (arica ubihe.uuui Im.emu & Koch. Synonyms 
inchlde (. undioonaarcvmi. and ( . itdamr'nei.%. 
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is by firt the most common and widespread species of highland papaya, 
In eastern Peru it occurs in almost every backyard. In northern Chile 
it is grown comnmercially in plantations. 

The five-sided yellow fruits have firm flesh and a flragrance both 
pleasing and penetlting. They are 15-20 cm long. weigh about 130 g, 
and have a medium papain content. The interior cavity contains many 
spiky seeds. 

Fruits vary greatly in sweetness: some can be eaten fresh, but most 
must be cooked. They' are suitable for stufffing with fruLits, vegetables, 
or other fillings because their firm flesh holds its shape during cooking. 
They yield a clearjuice and are excellent in pis. ice cream, armalal11;.des, 
or sweets. Canned preserves are marketed in Chile. 

The plant is distinguished by the coating of hairs on the underside 
of tile leaves. It grows in areas railgillg fr'oml dry, .iIdv. opel plateausr k 
to humid, shaded forests. It is found at altitluides Ip to 3.000 in, and 
withstands -3( without serious injury. Most plns have flowers of a 
single sex (diecioW,): a fe\\ havc flowers of both sexes (iflonoecious). 

Chaniburo is generally propagated by seeds. It grows vigorously and 
bears fruit in its second ycar. It is fairly tolerant of nematodes and is 
perhaps reistanlt to papaya ring spot virus, tile Most devasttinig 
disease of tile common papaya. 

Siglal6n. This species (('ira siiulaav is limited 1o a small 
region of southern Ecaador-, tusually at elevations of 1,600-2,5,00 m. 
Again, there is much variability a.m11ong individual plants. In comparison 
with common papayas. the I;Hits are qtite snmall, anLl mlosI are cooked 
with sugar and eaten as sweets. They a1re slid to be the best highland 
paplyts f'or jamUlS and sauces. They are also boiled, straincd, sweelened. 
and made into fruit drinks, niormll lv in blends with other juices. Only 
a few plants yield fruits that can be eaten raw, but some of those are 
delicious. 

The yellow fruit has 10 or I I ridges, weighs 40-150 g. arid possesses 
a strong, pleasant aroma. The creanly flesh contains many seeds
some smooth, some corky. Many fruits are soft skinned and long: 
others are firm and squat. They are easier to peel than those of' 
chamburo (C. 1bescens)(the immature tilet1 fruits have perhaps 
highest papain content of any papaya and, even in ripe ones, tle raw 
juice fends to irritate the skin,rnotaby the corners of the mouth. 

The spiny, occasionally branched, tree : obust arnd grows vigorously 

In Azuay and I.oja provinces, whe re it is native. it is also known as siglahdr silvestre,
paronchi, rolintlce, ioronchi dtet campo. and chanihuro, ttre name often used iil popular 
literal re. 

This species was tirst dislinguished taxonomicatly only in 1966 as ('arica slitipulata 
Btadillo. 
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its first year to as much as 2-3 m. (It may eventually reach 8 ni.) Male 
and fermale flowers are borne on separate plats. Fruits develop in the 
second year, and sonic plants have borne fruits annually flr more than 
20 years. The seeds come fairly true, but vegetatively propagated 
plants bear fr-uit at an earlier age. 

It is possible that this (and some of the other highland species) might
be grown as a source of' papain. This enzyme is a valLable international 
commodity uised, imong other things. to clarify beer. 

Siglal6n has fairly good resistance to papaya ring spot virus. 

Col de Monte. The col (le nonte" species ((uri'amofoicui) is a
'dwarf' papaya. miost coImonI 1v lou iid ill cn1t1i vation inFCtlador and 

eastern Peru between 600-1.700) ti elevation. There. the people like 
the f'rlit so inluch that tlhe\ prOtect and nt'rIC even wild specimens.

The smooth, hard-skinned friI has f'ihut ridges and an orange,
sometimes brilliant, skin. Tvpicall . it has firm. orange or deep-yellow
flesh with only a slight tiste, large-horncd seeds, alld a high papain 
content. 

Some of' these small. fragrant 'ruits are Latch rtW--ustially mixed 
with other fruits. Cooked \it lh lemon and sugar they have been likened 
to stewed apricots. Their finness makes them Suilitble fOr diyIiiLg and 
candying, and t he freeze \'ell. The young seedl ings and mlature leaves 
are cooked as greens (hence the comin laie "Col de lonltc.'" 
which, tlanslatCd., Means "'11nntain cabbaige'"). 

The plant grows vigorously, hut reaches only 1-3 in in height. It is 
found mostly rainlfall 1d mild lemperatures. It isin al1s of' high atn 
generally nionoecitills, CominMl,1+V havilglMille and female flowers 
together on tile same infloresceiice. The flowers are Usually self
fertilized and the plant conies fairly true f'ronm seed. It crosses easily
with C. puhlscx( ,, often yi elding hyb)rids that bear mnttch fruit of' good 
flavor. 

It is susceptible to papaya ring spot virus. 

Papayuelo. As with the other highlad papayas, this small, hardy
Colombian species I('aria .omloiuIlU 2) is highly variable. Some of 
its fruits are luile sweet with an attractive taste somewhat like apples.
Others are astringent ;and] barely edible, even cooked. 

The fruits are usially five-angled, pale yellow, wil occasional 

Otiler coiimmion nialimes inlude col d ilnlawl p. p i i e setva.' iot ie tic linonle.
peladeia, pelanla. dwia f papaya. irange paw pa\, anid Peiruvian Cooking papaya. The 
name 'col tie nionie" is often loosely used tor anY shtr't-slatiUed highland papaya.

)e synonyin is ('o '0i n aoi' .o.aen 
Som etines catled "col tie i:,on re "payllih.- Bth these co n names are 

ised in oltic areas Ihr oitier hiigian, papayas. 
One synoni i'vk I'nPapnavagrci/i.s. 
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shades of purple, red, or orange. They grow up to 20 cm long and 
weigh up to 200 g. 

The plant occurs ii humid forests between 1,500-2.300 n elevation. 
It can, however, tolerate some dryness. It often branches at the base 
and has an upright habit with a gray trunk. Generally small, it can 
reach heights of 8 m. It is mostly dioecious (both male and female 
flowers are sometimes intensely red or nurple, with red or green 
petioles), bears heavily, and its fruits transport well if harvested before 
full maturity. 

HYBRIDS 

Several of the more popular highland papayas are natural hybrids. 
Found most commonly in southern Ecuador. these present a great 
deal of variat ion In fruit size and quality. Some produce a few viable 
seeds whereas others produce no seeds at all. To maintain clonal 
unifornity, tie plants are most often propagated vegetatively. 

Two ,' these hybrids are highlighted here. 

Babaco. The babaco' is tie most commercially advanced highland 
papaya. Its fruits are fragrant and fiavorfl't, with quite a different scent
and taste fron the common papaya. Its distinctive flavor has been 
likened to the tatc of strawberry with a hint of pineapple. Sweet to 
some palates, it IS plea, ant!v subacid-uniqtie and ref'reshing. The 
large, normally seedles,, "'eppelinlike' fruits, some weighing 2 kg, 
canlbe consumsled frehIl" or stewed. 

When picked. tie babaco ("ba-hah-co") is green to yellow: when 
natUre, it is bright yellow. '!'he pulp is white to cream in color, juicy, 
and melting in consistency. The fruit is easy to prepare because it can 
be eaten skin and all, and there are no seeds to remove. 

fBabacos are popular ;Ind COiilor over a wide area of the cool 
highlands of' Ectuador between elevations of 1,400 and 2.500 n. Most 
are found in small holdingi. but some larger plantations have been 
established. Until recently it was unknown in neighboring countries, 
but plantings have now beei started in Colombia. It is also being 
grown successfully in New Zealand, Austra.lia, Israel, ltal5. Guerns2y, 
and California. It is probable that babaco could grow well in many 
other locations.'-' It is especially successful as a greenhouse crop 
because the plant is small and needs no pollinators. 

" In the terminology ,f Ililhoin. \ho II (;lied Itspecies. this plan's botanicthe plait js 
name is (orira pentag ta I leilhoin. The fIll hinomial that indicates its hybrid status 
is Carica x ilhv niiii Badillo n.m. pen tagona (lleilhitn) pro species. II seems to be 

crosses be twcen V11%;k WNon[e of0the po'.sibIe ( 'ari,"a pu(t Ind ( ' o'r./sif)hta. 
'1 Kenya, (reece. :,.nd Ira/ii are reportedty starting commerical producion. 
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Babaco has potential for export as a fresh fruit. New Zealand growers: 
are already shipping it to Japan and the United States. When properly 
harvested and carefully packed, it remains in good condition for a 
month or more at 6°C. The cut fruit also keeps well and does not turn 
brown (oxidize) over time. 

Babaco is a small plant (1-2 Ii). only occasionally bran,'hed, but it 
coppice:: well. Total:i yields arc better than those of iagood papaya 
plantation. and have cxcecedcd 100 lon per hectace." Propagation is 
by cuttings or tissue cUitHire. 

Toronchi. Toronchill, is a natuiral hybrid7 fonid scattered arou nd 
houses and villages in soul hemn Ecuador. It is a frost-resistant. vigorous 
plant that may grow to Ili.althou~gh most selected types are smaller. 
reaching only 2.5 i. It is fotnd up to about 2.50(f inl elevation, and 
can withstand temperatures down to I"C'. There is hiIch variation, but 
all specimens produce attIracCtiVC. quality fruits with i delightful fra
grance. They are caten fresh or processed and arc readily accepted, 
even hy those tastinrg them for the first time. Cooked. they arC useful 
for sauces. Jams, pie fillings, and pickles,. as well as adding1*,," to 
cheesecake and dairy prodtlcts such ts yoglrt. 

The mature fruit is live-sided, generally 1I)-15 Il long, green to 
lemon-yellow in col)r. aind weighs Up to 0.5 kg. It is extremely juicy 
with a soft. creamy-white pulp aid is one of the least seedy of the 
highland papayas. Smooth skinned. it can be eaten without peeling. 
and has a mcdi iun papain content. A New Zealand variety called 
"Lemon Creie'" is I vigorous cmliva that produIccs an ahtindant 
crop of sweet. leimon-scenled fruits. 

Fast growing, these plants hear \within 12 montiis. Picked ripe, the 
fresh, raw fruits are supcrior in flavor to all other highland papayas. 
However. they niuist be handlcd more delicately than the babaco: even 
when moderately ripe, they ale pool shippers. 

Although the plant functions ;asa sterile hylrid. polliatioi seems 
to increase product ion, aLd tle fits often contain viable seeds. 
'oronchi hybridizes readily with siglal6n (C. stipultla), resulting in 

many intermediate forms with different flavors and varying amounts 
of seed. 

PROSPECTS 

The Andes. All of' these fruits are consumed locally thrc "izhout 
much of the Andean highlands. bu currently only Colombia, Ec, -,r, 

Infoialion ron F. ('o.,io. See also Cossio, 198. p. 50. 
(tC n)llflIliIn inltihdc ltiownche. LieC poionchi, chailtijro.I1;llle l tOlolch tilht, lnd 

chaniiuro LieCa;stillat.
" (arica hIvreIaiLf Ilcilhorn. thi,, hyrtid isnow comin lity known as ('arica x 

heilhornii iBathlo n.11 "h icilhoinI) pio species.%opctah (la 
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Other Developing Areas. For cooler parts of the developing 
world, highland papayas could provide a range of future fruits. Indeed, 
with their extreme variability, they could become a veritable backyard 
fruit bazaar for upland villages from Morocco to Papua New Guinea. 
Like the common papaya in the lowlands, these Andean species and 
hybrids could provide masses of tasty, nutritious fruits in the highlands. 
Itis likely they would enter local trade and, in time, develop into 
profitable small-scale or even large-scale domestic and export opera
tions. Before their commercial value can be exploited, however, there 
is a need to select and develop types that Ive good and Unifbrm 
qualities and that can be propagated on a large scale. 

Industrialized Regions. Ilighland papayas may be potential fruits 
for subtropical and warm-lemperate areas of North America, Europe, 
Japan, and AUstralasia . However, they reqltUire clilmtes that are free 
froni both frosts and excessive summner heat. 

These plants can be susceptible to certain pests and diseases, 
particul,1rly to nenmtodes. mites, rot rot, and viruses. Their climatic 
requirements and cut ural practicCs for max imum production and best 
flavor are little known. 'Ihus, considerable horticulural attention is 
nee(dc befOre they c:tml be exploited with confidence. Postharvest 
handlin,, sludies \k,mld greatly incrcase their market r'itential. 

Although th fragrance of nlany of these fruits is instantly appealing, 
th taste is unusual, often must be acquired. iind can be disappointing 
to consumers expecting a papayalike flavor. Although for simplicity 
we have called these "highlatd papayas." an important strategy in 
the wider marketing of these :pecics is to crcatec or adopt nev nanes 
that \,oid the papaya image and that allow the fruits to be judged on 
their own merits. 

To create cold-ti lerant papayas has been the plant breeder's goal 
for almost a century. With modern technology, better germplasm 
collections of Andean species, and old-fashioned persistence, it seems 
probable that this goal cani be achieved. 





Lucuma 

In the temperate highlands of Colombia, Ecuador, Peru, and northern 
Chile, lucumal (Pouteriahicuma) is common. Well known to the Incas, 
it is an unusual fruit with smooth, bronze-yellow skin, and somewhat 
resembles a persimmon, but there the similarity ends. Its bright yellow 
or orange flesh is usually blended into other foods. 

Lu:uma (pronounced /ukc-nah) pulp is popular in drinks, puddings, 
pies, cookies, and cakes, It tastes and smells like m1aple syrup. Added 
to milk or ice cream, it contributes both color and flavor. It is a 
frequent component of milk shakes. typically made with !ucuma but 
without ice .ream. 

['or all that, IlucunLa i:; ii'tie known out:;ide its homeland-which is 
strange because it is rich, nutritious, and satisfying; is versatile; and 
possesses a distinctive flavor. It is enjoyed largely for its flavor, but 
in 'ome parts of Peru and E1cuador it plays a significant part in the 
basic diet of the poor. Lucuma fruits can weigh I kg, they are very 
filling, and one tree can produce as many as 500 fruits during a year
enough to feed whole families. And at times when field crops are out 
of season or stressed by drought, lucuma, with its year-round produc
tion and deep roots, literally becomes the tree of life. 

Unlike most sweet fruits, the !ucuma is high in solids and is a good 
source of carbohydrate and calories. When the fruit falls from the tree, 
it is still unripe. It is stored in hay or other dry material until soft. 
Even fully ripened, the pulp is firm and almost pulmpkinlike in texture. 
Low in acid, it is a good source of minerals, particul;,arly iron, as well 
isof vitamins, especially carotene (provitamin A) and niacin (vitamin 
B1). 

An unusual advantage is that the fruit, when ripe, can be dried and 
milled into a mealy flour. The flour can be shipped long distances, 
stored for years in airtight c[mtainers, and (in Peru at least) is found 
in markets year-round. Fresh, undried lucuma pulp can also be frozen 
and stered safely for hijg periods. 

Besides feeding people, its fruits are said to make a good feed for 
chickens, promoting both growth and eggs with bright-yellow yolks.
In addition to its fruits, the lucuma trec is valued for its dense, durable 
timbr'. 

Also spelled hicnio. The botanical name is often also given as Pouteria obovata. or 
Lucutina ohovaiw. 
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Not enough is known about this fruit to fill in the horticulture, 
harvesting, nutrition, research needs, and other details as given in 
previous chapters. However, the tree has the lollowing environmental 
requirements. 

Daylength. Fruits are set in latitudes fron the equator to 33'S in 
Chile. so daylength seems unimportant. 

Rainfall. The plant grows well in are;is subjected to occasional 
dryness and tolerates seisonal rains well. but not waterlogging or 
extended humid weather. 

Altitude. Although most common in inter-Andean valleys between 
1,500 and 3,00 l)r elc\'alt n. Iucum1a grows well and produces fruits 
of high quality in the Peruvian lowlands and at sea level in Chile. 

Temperatute. Although it thrives in cool highlands, ItictuMa seems 
'to require frost-free climnates and is killed by -5C' temperatures. Its 

climatic requirements are roughly comparable to those of lemons. 

Soil Type. iLuculm appears adapted to sandy and rocky sites and 
needs well-drained sells. It toleratles noderalc salinity, calcareous 
soils, and trace clemlent deficiencies Ip~uticu larl, ironi lhat often restrict 
other flrit trees. However, it yields best in deep alluvial soils high in 
organic nmil.r. 

Lucuma is highly variable in fruit size and quality, but has received 
little horticultural or botanical attention.- Fruit quality seems highly 
dependent on seedling type, climate, and horticultural praciice. ('or
mercial orchards would be more I'easilble if elite types were selected 
and propagatCd vegetatively.' 

PROSPECTS 

The Andes. Lu. ama is best known and enjoyed in Chile, Peru, 
and southern Ecur. In spite of local popularity, it has suffered 
elsewhere in !he Andes because the types tried there produced fruits 
that were too dry or of poor flavor. If superior types are selected and 
propagated. this f'ruit has a much greater fult u re throughout the region. 

Peru and C'hile have recently established named hlcuIna cult ivars 
from selected gral'ts aid seedlings. However, many vuable types 
remain in orchards and backyards-stdi to be "discovced." Given 
th,,availability of superior cultivars suited to 1ifTereit climates, markets 
could be stimutted from Venezuelt to Chile and Argentina. 

Sl'raditioiat cultivals are Seda and Pai. Niore recent selections have been made at the 
Universidad de Chile aLd :it La Molina University. 
'Grafting is diffictii it) achicve. bui tissue culture is showing soine promise. Information 
'tom M. Morin-Robles. 
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hiculma frui,,. 111like most fruits, are rich in Starh mid rehi,'ely dry. Tho, ai oftele
uised as a iasic food and Calii he dried into floiji thal is easily storcd and call provide a 
t:tsly treal even -years later. (ProChil I 

The dried, ground pulp is prepared in smll l'actories in C:hile and 
Peru, but this easily transportt-hle powder should he suitable both for 
C*expanded home processing and for bcreased commercial use. lxport
markets could develt!p in the Uniited States. Japan. and other affluent 
societies lookihg Cor new flavors for dessert foods. Already. Chile is 
,shipping Iucima to Switzerland, where he fruiIt is used to flavor ice 
crleamn. It is said tha the llavir cannot hle reproduced artificially." 

Other Developing Areas. \ccpt l'or plutations ill Costa Rica,
the speci(is virtually unknowl-n in commercial production outside 
South Ame ,,a. Plantings should lie tried in other dry and frosl-free 
highland areast01 the Iirolics iald subtropics. It seems likely to become 
useful itl parts of' Mexico, Cptral Americal. Brazil, and Central and 
sotithern Africa. 

Industrialized Regions. Li.uctma has been tested on a backyard
scale otitside Latin America. It yielded satisfactorily inl Ilawii, but 
so fu41rhas produced only poor-quality f'ruit ill Florida. Some trees ill 
Calil'ornia did well at li"st, but were eventually frozen oul. Trials are 
now uinder way in Queensland, Australia, and the planl has shown 
early promise in sheltered frost-free sites ill northern New Zealand. 

ril'orinii io,l o m AA n lh 
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Naranjila (Lulo)
 

For centuries the naranjilla (Solaum quitoense) has been an im
mensely popular fruit ol Colombia and IEcuador. Writers have described 
it as "the golden fruit of the Andes" and "tihe nectar of the gods." 

Orange-yellow on the outside, the fruits look somewhat like to
matoes on the inside, but their pulp is green. Theirnjuice, considered 
the best in the region, is used to flavor drinks.2 In fact, many even 
preler it to orange .jlice. 

Although little known to the outLide world, naranjilla Lusually 
pronouIced na -ran-/1Vc-y I- to produce a newin English) appears likely 
taste for the world's tables. It promises to become a new tropical 
flavor with a polclltial l least as gretl as the increasingly poputlar 
passionf'ruit (see page 287). 

Ilowever, producingMnarai illa before it canis a scientific challenge, 
achieve its potenlial. it needs intensive research. Despite its over
whelming popularity in the northern Andes. it has been given little 
serious commercil developuIent. In falc. owing to several factors, 
naran.jilla 'rtilts have become scarce and expensive in Ecuadorian and 
other Andean markets.' Through misfortine aLnd lack of funds, efforts 
to check the devastation of nematode pCsts have failed so thal 
production in solni ares is dccli ninug. ( )n the other hand, demand is 
higher than ever. owing to nara njillas Iocal popularity and tile increas
ing export of bot Ilfresh !'itis ind cannled produttcs. 

Given attention, problems such as these should be entirely avoidable, 
but even when such operational di flicultlies are overcmeM, naranjilla 
will still be a challenge to produce. It has little genetic diversity and, 
consequently, is probably restricted to a narrow range of habitats. It 
almost certainly requires a cool. moist environnent-a type that is of' 
limited occurrence. It may also requItire a specialized pollinator. 

is Spanish for olange. 
relative of the tolllto and potato. Ill many areas it i's called "luh." pie-Colu llbian 
word. possihIy of Qi echuia origini. 

In the 1760s, fie Ma jorcan missionary Juan LieSanta Geitlruldis %ii a wrote of tile 
naianjilla: "The fluit is very fresh [and diluted] in waler with sugar, makes ;arefreshing 
drink of which ! may say thai it is ile most delicious that I have tasted in the world.-

In tiletastdecade. prices have increased more than tenfold (even accounting fr 
innlaiion). 

Although "naran jilla" "little tie fruit is not a citrus, but is a 
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Nonetheless, with study, these problems can probably be overcome, 
or at least mitigated. Then the taste of naranjilla shouild become known 
to millions. 

PROSPECTS 

The Andes. Although noV in decline, the narajiilkl could become 
one of the ma jor horti*-uLiltural produLcts of the rCgiwn and an important 
market crop for small-scilc prodh' 'S. The fruit or juice (canned, 
frozen. or concenitrated) has considerable e.xport potential[. What is 
neelCl i, a coorhdinated ef'o'rt to full\ turSitand the crop's status 
and difficulties. 

NematocidCs anld bolociucl Controls 1ar1:cmuCntly available to 
forestall the devalttion cait,d h roolt-knor neilnatodes. In adlditionl, 
it least tWo cloSely reltCLd spcies. appaelntly highly resistant to the 
root-knot iatiOdC, se11prounisn as roolstoclks. They maVy also K 
sources of* genetic 1*. the I'crt ilc %iihiesistarnce for oim hyblrids 

naranjilla
 

Other Developing Areas. With the Increasing incnatlional de
mand for CXotic fnlits, this is Ihaldding crop for1 thie ulinds o1' Central 
America and for other areas of' siillir climate . AlhCady. narli ujilli Ihs 
been established as a sllall-scalc crop i] lanana, Costa Rica, and 
Gualtemalh. Hoth thCrC aInl in otlher frost-frcc, sultropical sites, it 
prl'olises to bccole i sbilanltial resource. I lowever., bccautse of the 
phint's restrictive cllatic and iglo1in11ic I'Cluuirmlts. stCcess will
 
not be achie\ed casilyv. IFistablislig naranjilla iil commercial prolhiction
 
will re.Cqtire ImLch ork aridLtCtdicaton.
 

Industrialized Regions. Naramiila call provide the basis for a new 
i-uilt-drik flavor tIhat cotuld ecome poputilar il North Amlcrica. .Japa. 
Lril'op.;, and other slch ;ilrCis. In i test at Cortnell Uniersity seVeral 

yearS igo, blindfoldd panl tllinh1niliarnIitiIs with the fruit chose naranjlillah 
juice oVCr apple .juice by thlrCC to olle. and a1bllld of' naranjill and 
apple jiice over apple.iuice alone by nine to one. In the r1970s, a Ima,,jon 
U.S. souip inanii'acturer ceated I I'ltl drink Ised onl naran.jila for 
ntionwid saile, but it relctintly) tlanotllred tie project becautl.se of 
problems in producing a large and reliable sippl of' frui. 

I('oltlhia is already C\plo iliig "111:1amnouInlt sh C lit Anl ic a tihe Uliitd('to and 
State's., 

http:becautl.se
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RIstl, Cotoinihm, N IIrail i Ilo1 ln1tilt Illo.l popllrll fr1lit ill lh l lrhtirn Andes.(IR.F. Schite,) -

USES 

The naranInilht is \ersatile. ItCI1 I Caten rIw or cooked or useId 1oc 
make juice. It is also cooked ill fruit pies anl confections, and isuscd 
to make jellies i. l, and other prcserVes. In Venezuela, Pianamla. 
(ta Rica. and (hatellal, runst rained ptllp is lsed for toppings on 
cheesccakes, sponges, ice cream, yoghluI, and fruit salads. The fIresh 
.tliCe is also processed into frozen concentrate and can ;)(, lerented 
to niake wine. 

Despite its versatilily, nalanilh is iinlv lised at present to flavor 
dritks. Ill Ecuador mid Colombia, naraujilla .O'rbew is sornething ol a 
national drink, often served in hotels and reslltiL'rats. It is niade like 
lemoade; tihe freshly extrac led juice is berten wiWilh s uga into a 1oamy 
liquid h;t is grCen, heavy-bodied, alld sweet-sour in flavor. (Most 
tasfers express suirprise hall i is not a blend ol1 several f,'iits.) 

Naraniillas ire eaten only when fuly ripe, it which time they yield 
to a soft sqlleze alld their rather leathery skill is bright oraliige or 
yell\ thotgh Somietimnes still iarbled Witi green). On average, tlhey 
are 1bolt the size of golf Iall. The slighlly acid lavol is imole 
pronotinced if ihe frluit is not colplelely ripe. However, even solnc 
ripe lrtrits are too acid to he Cllcn raw. and tile pillp nill tie swcclied 
to lie pahltle. 

'I . . .  . 



NUTRITION 

AGRONOMY 
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N;+i,,njili, f'-rwt!+ ho,,l +m+ething A c._ ItmInattt.,. btI thc\ l Mx I v 
t 

S1o MlLtI g1CC11NM kil! 

tlc"h. Thici. gccii,,h .lc i, c o, O cictir o,C((omlhc pi , C l,, utigh ol ,i,,. ECllidoIri.
NMI \'.L'.,tH L:kt I I It0dtC) 

NaranJiilla i', a "'her'' feeder' antI resp is Well to lertili/atiOn. 
Pl+'ni.ig 'ld ,OO.Idv stue, at 'he end of a Irnitinlg cycle results In 
Vig140 u,,, r1growt Ihantd pie.n'Cr., fruit s11e from +'iiiiShing. 

A.niean; lhri,, mainl\ gro\, namnj"illa on rainy slopes. where. as 
long . te n iitti , \e'main iodflerate. frt.t-, ael'C pro,.uced yeal-iOtlud. 
To prevent ine1t'l and lacterial loot inflectiors. , ell-drained soils aIre 
imperati\e A Common patctieC is to plant naratrnj.illa in openings ill 
the ftret or to itTerplinl it w\ith l1,ananta. :anarillo (see page 307). or 
achira Isee page 27). The tUller p ts help pt'c)tCC 'he nar,l.jilla's 
bilttle branches froim' \ld danmtge." 

HARVEST!NG AND HANDLING 

The fruits arc closely horne in the axils of lthe leaves on stems and 
branches. They ave e; s\ to pull o'" by hand and are normally picked 
when aboot half ripe--that is. when they have started to color. (They 
subsequently ripen normallIv.) The stiff hairs can irrit'tte the skin, so 
the fruits are handled withi glo\e, ilil ripe e.outgh for the fuzz to be 
•.iped 	 ojf with ia towl. 

The picked fruits have a shelf life of Lip !o tvo weeks without 

ItIt S hCCi ' uggc'lCd lhat O all t.ln .C i;) scal. thec nannida cOtld he interplanted
betv.. i h.'cc ., p;ge 257), orange. (on \i,e lattices). orh; In IIanl;rin p ,,iyont'jti 
other coi', O h ti mnrainjilla", clir ic equirenm:ns. Sugge,,lion fb. I). Elndt. 
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refrigeration, making naranjilla an ideal truck Coldcrop. storage 
lengthens the storage period considerably. 

Yields are high. Individual plants may produce Lip to 10 kg of fruit 
a year, and on a per-hectare basis may yield 27 tons of fruit or 47,000 
liters of .jtice. 

If not handled correctly, nnch of' the flavor can he lost in cannia,: 
and the juice can turn muddy looking. Proper cooling, storage, and 
the use of aritioxidants are necessary. 

LIMITATIONS 

Naranjilla's major problems have already been discussed. They are 
its climatic restrictions and susceptibility to pests. More information 
is given below. 

Adaptability This phla has received little attention friom horticul
tuLral researchers: Is ~i.vironnmental adaptations, therolore, are not 
well known, but seem to be narrow. It is possible that it needs a long
growiniz s. .,on, as well as high huinmidit y. It carnot tclerate frost. He'it 
and dryness can also cat .,c crop fiilure. 

Moreover. there are possif'le pollination problems. Naranj illia appears 
to be a short-day plant: po ,.In abortion occurs when days are long.1
Pollinators may be absent iu locations outside its native range. The 
effects of shade and altit udU are al.,o uncertain. The plant is said to 
perf'orm poorlI under 1,200 in elevation in the Andes. 

Pests and Dis'uases As noted, the plant is extremely susceptible 
ta root-knot ie mat odes (Muidu'gyne species). Plantings often fail to 
reach full fruiting size as a result. The naranjilla also suffers from 
insect pests; in particular, a wide variety of coleop!erans (beetles and 
weevils) chew the leaves. 

The plants can succumb to diseases such as bacterial wilt and fungal
infections. Root and stem rots can be particularly severe. Viruses, 
too, can be troublesoine. 

RESEARCH NEEDS 

Germplasm Collection Replicate germplasm collections should be 
established in F-ctidor, Colombia, Peru, Costa Rica, ard other coun
tries. A germnlasm collection of' 185 samples is already being evaluated 
at the Instituto Colombiano Agropec'ario (ICA) in Colombia.m 

Information from J. Soria.
 
tnformation from l... .opcz j.
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Nematodes The nematode problem is the major one to be ad
dressed. As a starter, nematologists should de!erfmine the varieties of 
the offending pests. Also, the relation between nernatode resistance 
and temperature should be checked. (Recent research has shown that 
nematode-resistant tomatoes become susceptible as temperature rises.) 

Although nematode-killing chemicals can be used to treat the soil, 
these tend to be toxic and expensive. An alternative approach could 
be biological control." Screening for strains resistant to nenatodes 
(and viruses) seems promising as well, althouigh develonment of 
horticulturally viable types could take years. 

Alternative approaches include the following: 

* Hybridizing naranjila with closely related. nematode-resistant 
species. Hybrids with SlanuiM hirtuun and S. nacranlhunI , for ex
ample, have good rnMLode resistance. ilackcrossing these to naranjilla 
has prodUced a iallg, of' plants tha hav% showni resistance and have 

"borne fairly good frilit.' 
& Grafting ni ranji lit on related plants with neIlntode-resistant root

stock. When cleft graftcd ol specics such is ', . imv, 1n1h1in and S. 
ttnunox:uu. naranjilla plants have survived for aboLt three years and 

fruited successfully. lit tropical Africa. naran jillt has done well when 
grafted to its nemlaode-re,,istanlt local relative. S. Ioru'). 

" Improving plant vigor oy better nianagenent. 
* PIroduci ng.lthe crop in beds of sterilized soil. 
* Growing a cover crop or rotation crop of plants. such as velvet 

bean or Indigo,i'ra ,;pccies. thai help eliminate nematode infestations. 
* 1Indacing somaclonal variation in regeneriated plants as a way of 

unmasking inherent nealiltode rc 1;that now hidden.stance is 
• Educating farmers about nematodes and the means of' keeping 

sites free of infestation. ('This is inportant, whatever other approach 
may be used.-

SPECIES INFORMATION 

Botanical Naine Solnuln quii)n'.ve I amarck 
Family Solanaceae (nightshade finily) 

" For example. Ihe bacleritin P Oil ia et wIrlm. hia, proved ias el'eclive as current 
nefnlitocides on oilier crops in Itilin . SporeC, Cii 11Cploluced in vivo on nemiatodes 
in roots. without the , of scrile production sysicn.,. Inlrmation from B.R. 
Kerry. 

Informltiool t nLrI.. I ( pez J. 
utolh hybridizing and gi.ting :lso hesto resislance to root and collar rot. 1i1m ever,

t
fi'ither evaluation is neet ed ito etnue that alkaloids in the Iruits do not ise to hazardotus 
;evcN. Infornation froi J. Soil". 
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Synonyms Sohanum hirsutis.simum;Sohuumt ali,,ulaltum 

Common Names 
QIW'Chua1: 1111. h111LpIIeoILIIl 

Spanish: naranjilla, naranjillo: 'araujilha
tie Quito. naranita, lul , 
lullo, toronja. tomate chileno (Peru)
 

English: Quito orange naramijIla. lulo
 
Fren(h: naraji ll. morelle de Quito. orange de Quito
 
G MI : I 1.tlO-1li:1,.ht 

Origin. Naranjilla's origin is unknowNn. Its wil progenitor may
 
yet he discovered-pr, i i Colombia. It isthought that the plant
 
was domesticated within the last Few hundred years, because there is
 
no evidencC that itwas cultivated in pre-Colun' bian times. The fist 
records of naranpilla cultication are from the mil-1600s in Ecuador 
and Coomia. TraditiInallv. areas of" nJor cultivation have been the 
valleys of* Pastaza andllYunluilla, in cu']tador and the mountain areas 
of' Cauca and Narifio in ColombiaI. 

Description. The plant is a perenirial, herbaeous shrub. I-1.5 ill 
high. with stot. spreadine. brittle steims. Its dark-grecn., purple- or 
white-veined lcaes are often more than 30 cm long and, like the 
Stems. are densely pulbescent. The pale-Iilac fhtvwer + are covered with 
a thick "'felt'of light-purple hairs. 

The spherical. vello v-orangC fruit is 3-8 cm in diameter. It has a 
leathery skin. dCenselv cOverCd with fine. hrittle. easil, removed, white 
to brownM,'tl IlnCrnall. StrtitIrc rCsemhles ahairs. it, torlato. The 
aciduhIt, ycllow-gren llhII (1ontatins, a greenish pulp with numerous 
seeds and greCn-clhed .jIuice. 

Horticultural Varieties. On the whole, the species is uiusually 
ti lorm1')for a cIIIt ivated plat. I Iowever. two geographically separated 
valieties are recognited . Vitlyitv qluiItocinc is the common, spineless 
form li m'Oldsouthern Colombia and Ecuador. Variety sepentrionaluill 

has spine,, is hardier, and grows mainly at altitudes of 1.))0-.I1.900 Ill 
in central ('olomiha and Costa R ica.In the last few ycli. n apparently new variety hs appeared i 

Quito markets. Although the frits are smaller than normal, they are 
rapidly hecoming the domiinait commeircial type. 2 Investigation of 
this may help open I new era imnaranjilla use. Is this a ncw hyhrid? 
Is it being giown hcalSC of' greater nematode resistance? ()iis the 
flact that its fruits have few hairs the driving force behind its production? 

12h1nfonla tioll . Soria.J'll 
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Environmental Requirements 

Daylengti. As noted, the plant seems to require short days for 
pollination. IOvcev-er. this is not certaiii because sati sfactory fruit set 
has been noted in south Florida at any tie of eai." 

Rainfal. Naranjilla requires considerable moisture. It is commer
cially grown in the Andean areas w.vhecl'aninal rainfall is 1.500-3,750 
nr . The lover mnoisture limits are uncertain. but even moderately dry 

conditions check its -r.vth. 

Altitude. This is not a restriction. Samples have been collected near 
2,000 m elevation in IEcuader. nd the plant gro .s near sea level in 
New Zealand lld Calitrnia. 

Low Temperature. Belo I10T the plant's growth is severely 
checked. It is frosi sensitive. 

High Temperature. Ahove 30C tle plant grms poorly. It does not 
set fruit in areas \ith high inight teniperature-a possile reason why 

it has faPiled in some low.tland tropical and stibtropical areas. 

Soil Type. lI Feiuador. tlie naranl illhi grows bCst on fel-tile. well
drained slopes. It reqLirCs soils thal hold m1oislure but that drain well 
enough to avoid wkiaterlogging. It seres ptrlictilarilv sensitive to salt .1 

Rdated Species. Naranjillu has several relatives that produce 
desirable fruits al deserve more attertion. "1' v c,,,-d be useful in 
their own right is well is perhaps for genetically improving naranjilli. " 

Solariom pectinatumn This pla nt. although undoniest icated, produces 
high-quairly fruits, almost as good ,as those of the naranjilla. Compared 
with the taranjilla, the fruits arc slightly smaller, but their hairs rub 
off More readily. and the\ taste ,somtcwhat sweeter. This is a lowland 
species. widely di sti-llted fron Peru to ,out hern Mexico. and frlonil 
sea level to 1500 m . Th roughori t the region. people gatlher the wild
fruits for making juice. It. too, dCselves \idcr appreciation a little 

horticrltural inrvest igation might produce a rie0a crop as popular is tile 
narani biasuitable lor- inl areas too warill for riaranjillaull cultiv,atio 

Solanuin vestissimunt Native to Colombia and V,.nezLela. this is 
another wild species with pleasalilIv fliavored fruriits, it grows at higher 
altitudes than naranjilla. Krno\ri as "hlo (Ie la tierra fria" (naranjilla 
of the cold lanu"ds). toronja, or tunio, it is a small tree that bears fririt 
about the size of duck eggs. 1"lie chief ob'iection is that the fruit's hairs 
are quite bristly and tile juice is difficult to extract. For all that, 
however, it has ain excellent fl:\'or and deserves research attention. 

* InfOrnialion tuol J. MIotoi, 
* Information from IL. lavidon. 
* Information in rhi,. ,ccrion is mainly from C2.llcicr. 
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Pacay (Ice-Cream Beans)
 

All legumes have their seeds encased in pods, and a few of these 
pods are wdely eaten as vegetables-.rcen beans and snow peas, for 
example. A fc\ lesser knkmn legurne, produce pods containing a 
sweet. mealy pulp and me eaten s trril.. (M'rob. tamarindland honey 
locust are the Lcst k novn .lI lo\cver'. trces of (he genus I1,u also 
produce .kweet pods. The\ deserve Irlich gnealcr rIcogllitioli and could 
bcComC widel\' 1,10%n and clnjlyCd. 

For people in Centr',l and SMoith AICiricai. ilnga poIS haC long been 
favorile Snacks. lhe pods arelosllt\ IlirO\\ straight aid Ii ollme 
species as long as a penon s ltorc"ar. ltlc are casil\ cracked open 
to expose (ihe hit,:. slii--ict pulp-iii iscen:, oL clloll candy-
Sil rounding the sce.ls. In IEneulish ihc h;ve been called "ice-creai 
bs" becatCIhis hiC plp hlas i sweCt lavor and sllooth texture. 

Most Ing.'o species occur in tle 1l\\ land tropics oftlhc Alme.ica2s, bill 
several occur ill tie Ilpland Alndes. fhc lalin Andnln one is !uivil 
fi'ilhri(prolnoulliced 'fC\ , -i-lee"i. Illis e erov. inl highland valleysi' 
as vklllas in coastal lo lnds, of l'viei, and IFcuador \herc it is otell 
e: ployed a',sa shade trec or ,tIcct Irce. Its poLs, prized ari nacks, 
are founld in imarkets and oiii trcC! \cldors' Cal'ts an are often1 
co1nsumed by children. 

Most coniul v called p nlnic:nv" Ieu"tili.'' this pallticular inga 
has long been popilu. Its pods Ire dpicld ill ancient ceramrics. The 
Incas had paca pods carried to their rnoutlaiin capilal of (_zco. Pedro 
Pizarro reports that lhe Incaiclperor Atalihildpa sent to Francisco 
Piza-ro it basketful of guiirrls as i giflt. 

It is sirprising thal this plantt (is \\ell is other In1ga species") is not 

See N;ilioin l kicciii I iiiCncil. 1I9T . 
-P l i paiciler i' ;i ()iiccilii \koil isctd ill Spainisth spccilicall Ill1 Ite iptlllt lt l Andes 
spcecic . -( l ofrlll;i"tlgll ie I;iillC', %ido , Isd il irry h11'QI SpeceS ,M IOSe poIS 
trivc sweci piilp. 

i IhLnfa spccics ie hi \tlaild species ill ni\1 n Ithe Andes. iga idnlii isMosi Iropicit 
cll sidl d iIhc t specie" r N aitc ill *tltec plantatioih n in (ill tolm iai: /. vIra is 
collilin ill ('cntrl .\ilnerica I/. kC111 itld i led species ire coverCd in Ileohrll ii 
lpllr, l-irllrloo (r'ops Io'/uim.i *',,emilc National ,Acadenly/. Nationlii (Coiuncit. I98,01. 
Pi'ss. Washingon. D.(C.) 
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more widly known- Inl,, species arc depCndable. thyC produce in 
abtndance, illd tihe,' provide sustealnlce in bad i mes. Ihev are a 
source of snacks for their o %ners and cash for the enteIprising. 'lhey 
grow raidl, are' tolerint of diverse soiH,. and ar*C I 'aSntIIl t0 diselases 
aId lir'. Thev alC eal,, to establish. spread their shadc quickly. an"d 
provide 'ItilIr years. 

Ina tres produce abunidanli otootnoldues1. Mhich fi\ litro2cn. and 
benefit the land hv raising leutilit\ levls. lhcy caln produce food 

I 'wvlthot o'e'llp vi1t thlfirlad nse..,,._'dfod Crops., bcuel tfhC cillhuL 
grow on i"te nCLhccted 1w ito2icttlllurc. 

Iaca\ is culti\ ,t d p,l+,,:cilicall, l'or its f'ruitl: the l'llit', of oti r //,'oI 
ide 

is 1t shade plattlion.s, of' col'ce and kilco. ( )ther coIIllon species in 
tile des areCI. /.I t ( lr,. 1.ri(, i vlh/I. n.id /. dcth.ifhnr . lhe 

spCcies iI the AItlC,, : leoItab\ -produtl ol'tlcs v,hose m1ailn purpose 

/ 
f'ruit, of /. de'nlmih ,trc sol1d in market,, and 'ruit slls. especially i 
Colohmbia. So ar. huo\e+r. the othlr, are more ol'tll used f'or shade, 
not lfood. 

I'aca, ald ot her i ices lru\e. iolprtiit 'Litures. 'lhev alre multit 
pHposC treeC, ald Aue ptIltiall\ valtulIC additions to gardens,
orchardls. field . lIedeeM0\ or 'Atside. .atle.l,lds throtughoult lost 
warn part1of' the , or.l. [he'\ A',l have outstanlding prospects its 
ullban true, for milch of thle tropics. 

PROSPECTS 

The Andes. .\lthotiLIh pacav po.ls are lre'a dyv widely consumed 
in rural areasi, of tihe Andes. therc are still many possihilities for 
developling' irgLa fruit,,s ash crops. One potential fOr expanding 
matrkets e iIst Ill citics. tiartictdarl, aiong -clvttl-,iltiized cui11pe
sinlos. As with .,.ner l'ruit crops. pacv lends itsclf"to iiew entreprc
lneurial ventlre,,, small-bimness tris, and economic development 
alliong tile pootl"l levels of' society. 

Other Developing Areas. Tis delectalC snack that comes in its 
owl natural wrappel shotld become nilih beler kno\,,u in coining
decades. ItNga tree, canH Plrote sell-reClihncc and tile\ have potential 
not JUSt in latill AelriC, bill t109zhr0uu1t1 the tropics. Some species 
are already gro\,,mm in the WCs IndiCs. Ila vii. anld List Africi. but 

tnIllMt co. co ff it,li allltl ut kc , citsht (iirtiril Mt tilet thJul .,1it,, I I, ! ic+po~ds, froml tht. i111p ll+,+,, 
illw t tt0 "1,d,. th,.,the lc ',h l +'ll ,11.'ll)( tt.' w e,In 11 l ,.'.ds 

le k ke.d te l :is ii \cgce;dCul . Ill t .ro. i I i l,t11C. ' ,.',i tedtiClnd .' ltc tltllltl ',ti d ,otlside Itic icl, ' ito t utu ii J.IrrViccure:. oill otskuu'.kl,
 
iitllh. p ric intillocI 1t1iut \ eiaiIrs1 bluir ,trI0 ) 1 rO.e
CtI tl.l. nl. nr c s t Is. sitdcoo.ili,

si itnli n|}i trr .+cho 5%;idc lltioui h pt,S 1t11 11101iteep I- i i ii , ., likei, cise,Jtes ilall nl inng." ltnitonn iMir hotin .I. ltiusku,,ki"Olrm dilr 
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USES 

i0C-ClXCll h~llII' I tL !Cl 1Ic'ti I hC\ ' c ic ;pllI opl~ 
Alld fil pllp iui~opto oi \%tj tih llv.c'I 1\CAI.iC-tcai;1i btIllOi Iiuci, 
l,:i :II he Iuiildlvd ;Io pvo,-~tIc pi vducti ihc\ mic m~~'Itdaid 
'"phi anid file ocl Ir'' il ilC l ',Ililillkiiid Ill wp.tr arc file pirlp I'Vourn 

* aco.w and l lici ic'lt',Cot 111 tliC iii~wIllcemo. 

I~rrrc nt 1Cilil 1112 he~~ttcct l Illci~cii lflI~ IIIllidi~ 

Ill homitI o1iitihrti, IniIa Ilic'' lnilk a I'nrlr e wrlv ut\ml it i 'nticle c' 
litil1 Ililic',. Ti r pod"fl Iddit)l tutu l,u~ a' lidiliu 11 l r e ,csid 
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* Lumber. The wood is moderately heavy (that of' . vera has ia 
specific gravity of 0.57: the others are probably similar). It can be used 
tor turniture, boxes. crates. ligh t constIruiction, and general carpentry. 
Hioweve r, it is highly susceptible to drvwood termite;s and when in 
contact with the ground decay s readiiv. 

I Inga wood makes e\cellenl fuel and is utilized for charcoalFuel. 
throughout the West Idics. (cItai n spCcics pollard and coppice well.7 

* Shade. ln.a specie, gro\v rapidly 0nd are COmm11ltlon shade trees 
used on colec and cacao plmtations in ('cntral America and the West 
Indies. where their culltiation and characteristics ;ire \cll established. 

0 Soil Improvcnnt andltitrcroppiti. ()nc ol'the Andean species, 
. ed/i.,. is beiig usCd in trials of allc ping in Chile. 

Like muost legumes. inua trees) ti, nitogcen and improve the Soil 
around tl:eu. [he leavces h,, \tratloral ncclaric, which moay support
beneficial insect,, such as parasiloid wasps, that arc naturial enemies 
of' crop pests. 

NUTRITION 

Although pleasing, the pi'lp is not particul:irly nutritious. It contains 
about I percent protein and 15 percent carbohydrate-ainly slgal-S.X 

SILVICULTURE 

InI the forest. illgas, grow nailtti-lly fo111 seeds. Il silviculture, they 
are lsually plinted finim sedlings grown in nurseries. 

All species studiedl so failare elf-incompalille-lhey need at least 
Iwo genetically, diff*ercnt niudil al , for fruit set. Vegetative propaga
tion would lead to little oir no fruit unless cuttings ate taken f'rom more 
than ont1e inldividuil. Ilngas iisially gro\ very quickly, with a tiurnk 
diameter solletillCs increaslig more thin 2.5 ci a year. A seedling 
normally hegins to provide suiflicicnt c:ilopy to cover plantation crops 
within ithree years. ()lice csftahlished, the trees need little atterition. 

The filail is eceptiollilt', aiiale, hi ptliiding. the lec is prliiied to 2-3 fi(tiat is,
jIst above Ihe Ieach tof gI;iIIng It eit,ock i. ti l ee lie itllI )111i dense thisth ' new 
g1"tll\ h. hi coppicint.the lice is Ci1 lie:r it, haw,. ;Ind Its silill igelieral.s new s ottis. 
Both illiamigeltolelli VSi .lllt iltI , jcpec'd ;ind lietlUlnl ti;iiv, oi' %noodwithiiil ii 
cost and eltoit of reptaniln seedtings e:ich lile. 

' acilY seeds alre tigi in iloteini. but %teltici they ate s;l'c o eil ti Innt cellainl. 
Mexico, boild li ,etls were lence a c iiiill vegetItll , bil their use itas declined, 
proitbhly hecailise of ile ;ldve t of' new ve,e illes in Iht mttarkets. inlbrmation 1tisun J. 
RoIskulski. 
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In their native habitats, ingas thrive on many soil types. even 
limestone. Root nodules are tormed by slow-growing rhizobia." 

Pacay, the Andean species, is a tree of moist areas, but others seem 
to have some drought tolerance. 

LIMITATIONS 

As noted. inga trees are restricted to tropical or subtropical climates. 
Tropical species produce pods nearly continuously, but in the sub
tropics fruit product ion i' seasonal and heavy. Spoilage is sometimes 
a problem. Because of the sugars thein pulp, the pods ferment in 
about 3-5 days. With cool storage, however, they will keep three 
weeks. 

Inga trees are generally healthy. It'stressed, however, they can be 
affected by many cOnlllnon fligi, as well as a niosaic virus and "'witches 
broom." Frutl predators arc nlinlerotLs. (They inl Ude porcupines,
which love the immature pods.) Also, the pods are s(aielines destroyed
by larvae of various insects. Seed predators include wasps. beetles,
and organisms that inest and digcsl soft seeds. The foliage is suscep
ti ble to Psyl/a species-in1Sects that de-oliate somne other legume trees. 

There is little likelihood that inga pods could become a mitor 
commercial fruit crop in their own right: they are likely to remain as 
an additional ild occasional souC e of cash to small landowners who 
have planted the trees fOr ot hcr Purposes. 

As noted, fruit set requires that more than one genetically different 
tree be in tle same vicinity. "lhiy is why solitary ornamental trees 
nori ally fail to ,et fruit. 

One of inga's biggest limitations is seed xiabililty. Seed storage is 
very poor. The seeds of(lcn start germinating inside the pods. If seed 
were easier to handle, h,'a species vkould possibly be as widely planted 
as trees such as leucaena and gliricidia. [his is a limitation to dispersal 
or movement of inga germplasm to new areas in Afiica or Asia, which 
modern commntications might overcome. 

RESEARCH NEEDS 

Topics For future study (both for pacay and for ingas in general) 
include the following: 

* Pest control, pruning, and maintenance.
 
* 
Agronomic research to increase and standardize fruit production. 

Measurement., of nitrogen fixation by 1. ini'uil in Mexico showed thai the aniotint ofnitrogen fixed was aboul 51 kg per hectare per year. Information from J. Roskoski. 
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* Provenance selection for adaptability and fast growth, and for 
uniform fruit qu,Jity: large size and good aste, for example. 

* 	 Stutdy of' traditional nicthods to gain nsiihls into prodlction. 
* Methods that prolong viability of ina seeds.
 
" The use of the lea.ves for fodder, and their nuttitional qualities.
 
" )evelopment of' methods to proporly ;and economically harvest,
 

tlansport. 	aid stoiC the pods.
 
" Toxicological analyses of seeds to determine edibility.
 
• Use in intercropping. (Although trials have hegun. tie overall 

potential isn't \wcll documened yet.) 
* Methods of1"pollination. 
* Effcct on soil fertility (,anloults of nit wo!en fixed).
 
" Food science and processi ng of the pods.
 

SPECIES INFORMATION 

Botanical Name As noted. s cil ,l pecics occir in the Andes. The 
main ones. hokw'e,,cl. arc ca b li/ i dC(iandolle (used since pre
C(oltm1bian times) and its . idcsprcad rcltli yc. 1. edutlis von Niartius. 
Family leguminosac Mi mosoideac) 
Common Names 

)ucchutu: pa'qav, paccai ('u/co) 
ytnar. p;a' qa a 

Spanish: pacay pacac. paca Cie PernI. gLam1a. guamo 
En.,lish: ice-crea beai s, food inga 
Ft '/t: pri,, tuclc 
I uirt1,g'c '," ing ii cipo. ratbo de inico 

Origin. It seems likely that pacay (Inaf.i,uillei)originated on the 
eastern slope of' the Andes. and. like other fruit crops of that area, 
was introduced to coastal PIer. That n list have happened long ago, 
because the - of' these fruits in the mountains and on the coast is 
ancient. Inga nods arc portrayed on pre-Colih bian pottery. and their 
pods and seeds ha.tve been fol' in tonllls dating back to aboult 1000 
B.C. 

Description. Inga specie, ac Uisuallyv small trees, normally less 
than 15 in. although some of them can reach tip to 40 in. They can be 
either evergreen or deciduols. The simply pinnate, lark-green leaves 
have large. oval leaflets in pairs without , lermiinal one. Many species 
have a green wing (rachis) between each pair of leaves. There is a 
nectary (small pit containing nectar) between each pair of leaves. Ants 
frequent these nctarics and probably play an important role in 
protecting the trees from insect pests such as aphids. 
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The fagrant lovers are arranged in cr wded heals, spikes, or 
panicle.; at the sten tips or axils. Because they are rich in nectar, they 
attract bees. hummingbirds, and a \'ariety of beetles. 

Fruit begins to laltLre a few 1loths ilf'ter"pollination. and production 
may be nearly continuous (Mticc a year in 1. in the Andes). 
The pods max' be fl , M tisted, Or cyli idrical. "'heCy are ofhen flattened
 
01 tout-sided, the unargins frequently overhanging. They grow up to
 
70 cm long and [-3 cm in dianIeet-C. usual, with tile seeds huried in
 
the ,\hite. sweet pulp.
 

Horticultural Varieties. In paca,, vegetative selections opprentl!y 
miade inaiucient fimes) exist, ' but no true horticultural varieties a.re 
known. As noled. aA election is of little use in fruit productonsingle 

becalsC otfsClf'-incOnupat ibifitN. fliccaise Cutlings eslblish roots poorly,
 
vegetative propagation has nt vet been developed.
 

Environmental Requirements 

Dayilenjli. lacav is apparcntly da'lCngIth neutral, at least within 
the subtropics, which in any c:ase arC its outer i;'nits. 

Rainfiui. Paca requires tsuhtropical climatwe with plenty of lois
ture. At "'tLIn~ilagilas ( CrIlvial .\uiann . both /../iilhi and 1. 'ddix 
are very productive two od, leaf', aid fruit) at I.50t-2.70() nml annual 
rainl'all.' 

Alliidh. U'p to I.50(O-1.N(0 ir in Peru's inter-Andean valleys. 

Low 7Tcmlwr[w(u . Iost spccies ,re dam111aged b\ b\, tclmpelivratures 
and killed by e\t eledCJ frc,inu wec!t her.'2 

High J-linprattiu . l;ticax thrives ait 25 C: amd, With sul'licient 
moisture. cceuis capabhlc of '\ itlhstamding shorl priodls abeve 33'_. 

Soil 7lTp,, These trees ale appaCIIcitly widely adaptable. They
withstand soils froni pl 4.(Ito ,.0. Thev tolcrate hJih iauminum 
saturation (70-9(0 perccnt I in acid sosls. /. cdli.s and I..,nil/hi nodulate 
proftsely evn at pl 14.5 and arc also heavily Illycorrh/zal (Vesicular
arhiscular in ycorrhitiac). These inycorrhi,,ae pl an imporait role in 
enabling ingii,, t take tip phosphorus CvCn though phosphorus is ill 
very short supply in acid soils. 

,Sole ate repored to exhibit tolerance to %.ae'rloggillgand arc 

For Cx;iaipl, h' I.h'uilh'jl l i tron) I. te',ilhi ion) (' zco,i hoinn;,, ditCrIcji which 
'. l'CIIl lltAIkde:II 1fornliilion frtmi.t. t.CoII.o he v'Iil .
 

In ol-nii nIiIli P.A\. Sa nie lr/.
I:to\tl.'vIr,;II11Ii, onel_11. qWiluo hai" i h; IlIthlII.",, r"ilinrg -Il . ,V'C
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common in riverine thickets and in wooded ! wamps, sometimes even 
below the high-water mark. They exhibit better growth rates on clayey 
or loamy soils. 

Related Species. Inga is a large. widespread genus of about 350-
400 species. and its taxononic distinctions are uncertain at present. 
Most are shru iy; and trees of tropical and subtropical America. The 
majority are similar to I..h',ilh'i.differing mainly in the fruit form and 
other botanical details. Most have th. characteristic sweet pulp. A 
few examples are ment oned below. 

Inga vera This is the best knov. n of all In,'a species. It is commonly 
used as a plantation hade trec throughout Central America. and its 
pods are widely eatcn. 

Inga edulis As- noted, research iat YL iimaguaS, Peru. indicates that 
this is a highlt promising specis ffr alley cropping on acid soils in 
the lowlandluInidItropics. 

Inga paterno ()ne of the best fruits of Costa Rica, it is planted 
widely for shade and frtIit. 

Inga spectabilis The huge pod, labouLt 7(0 cm long) are sold in the 
markets oft, (osta Rica. 

Inga marginata An attractive Costa Rican ornamental, this species 
has large spikes of flagrantl flowers that blom molre than once a year. 
For this reason, it is n1ti,cl appreciatcd by bee keepers. 

Inga brenesii, Inga punctala,Ingadensiflora, Inga oerstediana All 
,arCused ats shale INC in cof'fee and cacao plantations, and all have 

edille fruit. 

Inga rnortoniana '[hi, is at good ornarmental with attractive reddish 
new leaves aid tasl\ fluit. 

The most popular inga fruits in Mexico (especially in Veracruz, 
where there ale many coffee plantations) are I..jinicuil (or inicuil), the 
most well known, folhowCd by I. SlCndoidC.s an1od /. patrno. 

There are nume_'rous species in the Amazon that are edible. 
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Passionfruits
 

An estimated 3,000 different fruits occur in the tropics, but apart
from banana, pineapple, papaya, and mango, they seldom apll'.ar
regularly on the world's tables. However, given the current enthusiasm 
for the passionfruit (Passihora species), that group of fruits may soon 
have another addition. 

Because of its strong, pleas:ng aroma and flavor, passionfruit juice
is becoming atn increasingly populai irgredient in drinks. Future
production could be sizable because the universal demand for fruit
based soft drinks is rising. (In the United States, f"ir instance, fhuit
based drinks are expected to be the next "colas- that will soon become 
a major part of the soft-drink industry.) Already. passiolfruil cidtivation
is spreading, and a number of large corporation:, are investing in it 
heavily. 

So far, most commercial paisionfruit projects are based on a single
specie:;: the purple or yellow common passionfruit!- (PI',V.Vfloru edulis),
which is native to Brazil and nearby tropical areas. Howcver, at least
40 PassIfora species produce fruits, of which II are cultivated on at
least a snall scale.l Several tha!t occur in the Andes are highlighted in
this chapter.' Research to select strai',; with high yields and good fruit
quality could transform these into significant com;crcial resources. 

All these plants are vines tha! produce round or ellipsoid fruits about
the size of goose egg:. They are uSually propagated by seed and are 
grown on trellises or fences. Their horticultural requirements are like 
those of the common passionfruit. All require moderate moisture, but 
vary in iheir tolerance to cooler tempt:ra:ures. Depending on the 
I One measure of the enthusiasm fOr the pas'ioni'ruit is the "craize sweeping PuertoRico. Starting from nothing in 1976, PIcrto Rico now produces more thin 3,00t0 tonsof passionfruit a year. Two doen juices and drinks are being sold. and the islard'sannual sales are estimated ait$(0 million, and rising. I law'aiian Ptinth is one U.S. dri k
that has included passionfruit juice for decades.
2 This is known in Spanish as nmatactujal or granadilla. However. bolthnamies are applied,in different parts of the tropics, to several species of passionfruit.
'Many Quito backyards, for example, contain one or two passionfruit plants hung on
trellises for their shade and their fruit.
Other promising species found in lower allilude parts ofltheAndes inctude 1'. serrulaia,P. hoorijtia, and P. quadrangularis. These are b:sically tropical lowland species, and

for dibs reason are not highlighted in this report. 
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SPECIES 

Curuba.- 1h]bj pccic" (Moi/,ri ,,ou//i,'s ili; Atlcli taliIjf tile 
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in Andean valleys froin Venezuela and eastern Colombia to Bolivia 
and Peru. It is native to that area and seems to have been domesticated 
shortly before the Spanish Conquest. Tola ,. it is cultivated in home 
gardens and commercial orchards, and the highly prized fruits are 
regularly available in local markets. Colombia has soni out suanding
varieties: it has begun exporting the fruits. and has established a 
national committee to Study the biology and agronomy of thi-species.'C'uruha juice considered the finest of' all passionfruit juices, ano 
a wine is 'rom it. The are also usedmade ftruits in jaimls. jellies, and 
gelatin desserts. In addition, the pulp is, Araned (to remove the secds),
blended ,with milk ard sugar, and ,..rvcd ;r-', a drinik called ".Sorhc ti, 
C(ruhta." It is also made into ice cream. Comhined %kith alcoholic 
liquors (aguardiente) and ,,igar. it is served atsa cocktail. 

The plant seen]s stited to colder .'ondilious than the common 
passionf'ruit. In the Anrde,,. it prospers at clcvations tup to 3.400 in (ill 
Ctuco. for instance) and bricll, tolerates temperatures of -5 (C. Ulder 
cultivation, it is high \ichlin. When denls,,paced. \\ell weeded, 
and fecrtilized. annual harvest,, in ('olotnhia are said to retcn 300 fruits 
per vine. arnointing to soic 500110(1 fuimts per hectre %keighingabout 
30.00(10 kg. The hard-shelled. goh0lden-yellCow. fruits are up to 15 cm long 
and v cigh 50-151 g. 

Although 'ittle kiow0n otsidC the Andles. tle plant his uscaped fi'Oml 
culltivation and bcOCil nattll'itlized in I lawaii. New Zealand. Australia. 
and Papua New (;uinea. In Ilawaii it is permitted only on the island 
of Ilawaii, v,herc it go, s wvild ir the forests ind its vigorous ,,ines
 
strangle trees.
 

Sweet Granadilla. Th is pa',sionfrti t l'aosv'ilola liul/alri.s) Is native 
and common from , estein South America to Central Mexico. It, white 
tlIanslcerit ptlp is a1lnlost liqtid, acidulohus, ind s',,eet smelling. The 
rind is strong, so that the fruit trantlsports ';ell v ithont injury. Indeed, 
Colombia isnowt% Iurope."exporting this f'lIit to 

Since the plant grows at loderatc elCevations, it seems suffl'iciently
cold resistant to withstand light f'ros, although probally not extended 
periods of tClpCraturCs be)ow ilbot -1 U. In ILciidoi. it is cultivated 
mainly hetween 2,200Iaid 2.7(10 Iln. but in Bolivia and (olonbia its 
cultivation hus been extended to ;is low a, 8(0(0 fi and as high as 
3,000 . 

The sweet graIldilla wa, introdlce..'d into ItIalaii probably in the 
late I80ls ard was nlturalized there by 1929. It flourishes in many 

Ihftui nnaion from .. tieIFCo lr 
\ form Called "CillbthC quite " inl (iuiloinj ia ht,s &;ak-gre n fruit fe\.Ci %hen fully

ripe), with orapngc pulp.
1 is videly Cnultivated it) file t1j,ra area ol oloibia i1ep rlintent of Antiulia). 
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Moist, woody areas. and its frths are SOld in] local markets. It is also 
being grown in a small way in New Zealand. 

This plant sets fruits less ablundantlv than the commnion passionfruit,
but call produtice two crlps a year. HoCLIse of it , rei2stance to roo: 
and collar rot, it isalso a tIIselIl rootstock for other passionlfrtI species.
The fruits are more Ti, aceptable for eating fresh and for drinks. 
However, some peole ihnd it too sweet and flat. which is why lime 

juice is often added. 

Colombian Passionfruit. This littlc-known species I.,ssahfora 
antioquiensis) is ipretty and exotic-looking pla-distinguished from 
other cultivated passionfruits by its flovers, which are bright red 
and very ornamnental. Also known as the banana passionfrti, its frits 
are smilar in appearance to tOse of the curtiba Nt are sharper pointed
and are juicier and of better eating qualit. AI nalive of' ('ololnbia, it 
is groxwn at higher altitudes in tile rno,-therrr Anles. but still at a 
somewhat lower cvel th:n that %khere c1rurtbha is gro\\ n. 

The sweet fruits are 4-5 cii long. ienish vel ow,, ottsidc and pale
yellow inside. "lhev are eaten fresh. n [evetgaes. and indesserts. 
When eaten out of, halnd the haVe a delicH.iots ,e et ila\vo'. althoutgh 
they lose mntuch of ther fla \or i lieir thick skill can mnakeherr coolked. 
it difficult to eXtract the pulp. 

So fur. this plant Is+liot corrunerci',ll\ cultivated. Its need to grow
inl the shade, the long pudurucle on the fruits, and th2 long tiriie tire 
fruit take to develop are obtacles to it, production on a large scale. 

Curubejo. "iasAlso knov in gra ridilh,de Qui ijs. t his vine tI'a.siflhru 
pOp[llo'ii)has fraegrunt red. white. arid blue llo\\ers. It is quite rare
and is most ly fItiid giro\ iig v ild . I Io\e\er, at about 1.301) rnelevation 
on the eastern l eslpesf tlhe -curadoriari Andes. it is cultivated on a 
small scale. Its fruits are found i, markels arouln(d Banos in central 
Ecuador. The plant is also cultivated inI.ITarnho M'unicipio in the 
('alCa l)cpartillerit of' Colomhia ,here it is regulahrly propagated by 
cuttings." 

The sweet juice is highly regarded and is, eijoyed for its rich arona 
and taste. less acidic than tie comi n passiofruits. tOis species is 
particularly good for eating out of hand. The rind is thick but tender, 
and the oulter color is green even on ripe frUnit. 

Given tie commercial success oflthe corimon pa,;sionfritil, it seeris 
possible that this 'are fruit-i) far Uliimproved, yet more flavorful
will do even better. However, it reportedly sets fruits only once a year 

" Information fronm I.. tIde -cohar. 



i(iI1)iiId Fase il [ntic .1i~I.v hich lin't Il i limitationl InI sOllc 

Gallup. 'Fhi' plant J'almifttur p'i/har,NtpohilI i-, til filorit', 
CdihlC litilt,,Ill 'liaiII dac..~alal tile %%.1vIi -win ('1111c ito (oloinlhiat. 
It k' produiccd .i\ hct\cii 16 (- andInl chlna~cNI acrIge 1cmlpevaunuc 
22 C. anld k~ call and qI.1ICKh.pipga h\ 'ced]. It,, origin Weccm'. 
to Kl IhIc AndtC'. 0 VM ad ('!file 2,iOi);Iand 1.011i aIliittndC.M'i ww. 

Tlhe 1t1li*11ar~c Catchl ia of ii"cd to pipa c cr iicv I IicN arc 
'.haped like ha..iiiii'aic '.iitlili. I-ciwl 4-5 ucommon ut clipl 
diallictcr. Thc hi ittic i-Ind turn.. purpicp atlatit ind encloses' 
fLinfICrou',1CvI,'.cctl'. '.ni ictd h\ ;I \Cllium 1)ii1 that I". lfi ir ant and ha's 

a ~,ct-acidiiloii, lla\ ot 
-Xlihotn! h cif nift k' iccabhl. It,, \ iclkl., ;iic i to he Io\%. iintl it 

k' wicdoin Iiind inl thc i'itarkct'. (1%1 ti miuhi cha~nige. Illuicnic..:au~ch. 
its ild luor, life plant gim ti - .1 taiwlc. lhcati'c of it', quick and 
raiallit iV ill. g.altipal n1i;\ flid a place ;[,, a pineeicciad'.pcciali\ 
c'Isl crop. 

('I1uILtip~I. Thc IPIt!, ,,di111~a iic-kinowiuctniliip;Il' 'ia 

pasi'.'t&iuruit that cuild haxCc a h lutic It', 11;4u' 01wlivc c\CelIvn I 
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At present this fruit has one drawback: the often tough rind can 
frustrate consumers. Research to select and propagate easy-opening 
varieties would do much to advance this species. Also. hybrihlization
for example. with its close relative '.serrulal,.which has i papery 
pericarp-may provide a new fruit wili a thinner rind. 

Rosy P"ass;,14ruit. Ini Bogoti, another v elI-known passionfruItit is 
(SNffh.'u cumhaa',i,.'.'I"Fhi: bainana-staped "'CII' INabogotana" is 

much like the truc curuba.i (1u-.xilfho' nu mu/i.y.im.. see above). but it 
has a bright, attractive, red skill." Its aromatic, mildly biting orange 
flesh is uLsed to flavor drinks, ice cream, yogurt, or other produhcts. 
Some j ud, tile fruit to be inferior to selected S1rains of 1'.nwlliNs.imu, 
but it still is of sufficient quality to place the fruits in local markets 
anuLd : upermiarknts. Selecting iinaproved varieties coulId likely boost its 
acceptance even more. 

The rosy passionfluit i" fatirly widespread ii tile northern And,. ,I' 
btO is most extensively ctilli:vtdC ill tile central and eastern Illoun[it ,ins 
of Colonlbia. especially in the l)cptll lP.'nl of ('undiniualrillCa. It gi'ows 
naturally from l.X,8t to more thaill 3.000 ill throighoiut Colomlia and 
into nlrthcrnl'enFCadlor. It seems to hybridizte witl other varickies as 
\well as \\ilh /) mi.kta. 

I ybrid iatlions hav' also b n effcted btweeCt\VCC lie rosy pas sionfruit 
and the CItltina itself, and this line o r'Cscarch seC:, palricularly 
promising. In falct, livlrtidzation is a promising I ",d to vahlatblc new 
fRuits am;:1g many of the differeiit passionlf'tit slcies. It might, for 
il';tince. to much lrel fruits anli maybc evenl to seCdless ones.kcal 

Related Species.'' IExplortiory resca rch inigtlt alo include other 
wild Andean passionfruits, sonic of wlhich are lietllioned below. 

.Passifloraschliniana This species grows fromi 2.(t)0-3.500} Ill in 
the Sierra Nevada of Colombia. lh juice. saidl to tatste like blackberry 
juice. is used to prepa'e sherbet s and .jams. The I'ltiits are yellow and 
nleastlre LIp to 12 cii long. Although tlo\o hardly kniown. this is an 
unutsual :,pecies ILutCII dCservi ne of rCserch. 

11 w\is untitl eccnliv con,itlilcd ,t 1pitratcspecies, Pimal r1t ,o*udotiana. N o it is 
considered 1'./ u('milhall.4i vmtl. j'0tdoliouui. Escoh;tr, It987. 
" This fruit. ich ;;c haelti illed [lie "1os\ paissonfifil." cvllrenilv hls Po Colllillow lc 
mInie in English. 
1, Seven variclics of I'. ( t1111'1I/itms Cill he h0111d from Iloil ill otllhl l ia to ,llh
ceniratl Pc iII coot cold i 1 1e,sbeil ccil l'*,'ll 1t 00 a d()-1,it 0ll, 11. Olher cmllloltin 
illle, tile V ht d t lrt' alIpeIeC idill aw, i .

i 
gItlliall ill 

h
k' itdor. ind pill,1sput illI>emt. The \'ariely foulnd ill [ihe Boota~ mlci e filpJ best of the speci,.-s. 

I", hlfor.;llmloll f'lt ,ll M . Tlapia ;1lltl L. tie FI'i-, ,;Il. 
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Passfloraampullacea Although this species is very litte known, 
some botanists who have eaten the fruits and seen fihe plant's vigorous 
growth consider it to be a promising Lit LIrC crop. The fruit, are miICh 
larger than those of"the curuba and the rind is thicker. which prtects 
the fruit oil the way to market. The common name in central Ectnador, 
to which the species is endemic, is gulin. This species also hybridizes 

"
easily with /'.m;/li.v.ina. 
Passiforatripartila liis plant which may not ie a distinct species

but 0 V\ariety "of Clhmbia and ha1,s fruitsthe curubat) grows all over as
 
good as those of' curLIa. 

Passiflora ndxta itlh crr.bua de Indio of Colombia). 

Passiflora ambigua (('olombia, a fruit much like the curubejo). 

Passiflora inandonii (Bolivia) a close relative of' the galupa. but 
with longer fruit. 

PROSPECTS
 

Andean Region. With tile rising internalional interest in passion
fruits. the Andean native species are a of' largeresource potential. 
They seem ripe For research Ind could be increasingly Used locally as 
well as becoming valuabic exports. i lorticultiral anl marketing anal
yses, trials. and comparisons should be undertaken quickly. It sCem, 
probable that iarny of the Andcall species initially will he low yielding.
although they are likely !o ,lo\u otist:nding response It niodCr11 
methods and research. 

There is little factual infoIrmation available on the Andean passion
f'ruits. This nu, be generated by coimnpa rative tests in the area, where
 
these species are avaflable. Research institutcs in Bolivia. Peru.
 
lEcuador. C(lonibia. and VczucI: c1 h.ould
providc inlorriiation thlt 
may be usefl' as the basis For industrial devcoprient. The future of 
these 'ruits will depend Uponi horticultural dcvelopirent. The production
of pulp and cncerit'late has extremely good prospects if' Commercial
scale pr-Oductiotn can be csablishCd and Maintained. 

Iasslon'ruifs seem particularly suited to countries with inexpensive 
hlor becausc the frntis have to be picked by hand and ilnie grown 
Oil supports such istrellises. 

1!See [',cubar. 1t81. iths:,been used in experimentd cr,,,e, a!rhe MA( (Minisle'io
de Agricultura ,'(Q;nderi Agilctnhml Station. (Wujlan . nuea liRio hamlia.Ecujladt. 
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Other Developing Areas. Countries such as Brazil. Sri Lanka,
and Kenya that have commercial passionfruit production should 
explore the potential of tie other species, including those from the 
Andes. Ariong such lesser known species are some with bigger and 
juicier fruits Iswell isdifferent flavors from today's common pas
sionfruit. 

These vines are possibly tuseltri illagroforestrv systems with trees 
used as supports. The cornhinatiol mightie good for hoth Iropical
highlands and lowlands throughout Africa. Asia. and Latin Anerica. 

Nlany tropical and stibtropical countries with land suitable for 
cultivating passionlrui!s are not nowN expoi ting them. The knowledge 
to grow the planults is availahle and trials should he undertaken, but 
cantion should he exercised hecautsc the eco onic s of their prodtUction
is uncertain, given their genenral\ prirnihive hoticulural state and 
because some species are So prolific they might hecome weed., 

Industrialized Regions. New Zealand. Australia. South Africa, 
an11d akf;eW ot her %a rm-tem perIc regins,, prodtrlce lie cormmon pas
sionfruit for commerce iswell ats for backyard planting. Species from 
the Andes could st rengt hcrn such CHtrprises hy possihly adding ; Iew 
degrees of CXtrat cold toleaICe.- I,,\ sweeter differcrtproviding or 
tasting 'ruits, aIs well ;1sh, pCrhaps incrersirng tlhe fruit si/C. hr drinks 
and other processed products,. a -,ica frt ure is likely to he I'ond. 

[lybrids hct~kecri tire differcrnt passionlfrtit ,pecies may provide
illportant nlew frupits ps Itlgcr. irrac eCdleS. anid probably 
more roust in their growth. 

"Hybrids with the North American naypop (1'.imnarnata) are arotlher source for cold 
resistance. Information from R. Knight. 
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Pepino
 

The pepino dulcel (SohmlImnmuricallum) is a common fruit in the 
markets of Colombia, Ecuador, Peru, loli ,ia, and (hile. It comes in 
a variety of Shapes, sizes, colors, and qualities. Many are exotically
colored in bright yellow set ofT with jagged pturple streaks. Most are 
aboLt Is big Is goose eggs: some are bigger. Inside. they are somewhat 
like honeydev mlelml: waterV i.d pleasantly flavored, but normally 
not overl sweet., 

I)espite the fact that South Americans enjo this fruit. there seems 
to he i curitous lack of \aleness for it coniercial possibilities
elsewhere. Although pepinos are related to. and grown like, tomatoes. 
they nevertheless remain atlittle-kinowMn c1, and their \iarious forms 
-re currently unesplored and unlidcrexploited. 

This plamt's obscurity may not list much longer. In Chile, New 
Zealand, and Califor'nia. tile pepino (pronounced peh-p'e-noh) is 
begiringin to be produced und ethle most ;IOder'n and scientitficallv 
controlled conditions. As a resltill. international mnarkets a.re opening 
up. IFor cimtplc. the fruit has recently been successfillv intrtduced 
to ip-scale markets i -luitrope, Japan. and tile nirnitcd States. 

In Japan. ctnstllllers have an insatiale appelitC for pepinos, and in 
recent years the\ have bought them at prices arlloll the highest paid
fr- any fruit in the wtorld. lpinloS arc otflerl as desserts, as gifts.
and as showpieces. ()fIn they ire irid viidllylvwrappCd,k boxed, and 
tied with ribbons. Some tlreridy stores diplay pepinus whether they 
sell or not. 

Its success in Japan is perhaps a1n indication of its fulure: the pepino
is attractive, ii has a good shelf life. it is tasty, and its shape and 
compact size are idea for marketing. 

'In Spmnish. "pepino dtilce" means -,%eel cUicumbt." Regrerlahl\. tile shortened 
name "pcplino" is becoming the Co nor aimne fllr tis fril! in 'ngliuh. ftr ill Spanis i"pcpimko reler, only ro tie encuiuruber. This f'ulnt. however. is h()ranically related 1o 
tinaloes and is rlothing like a cliculliher. 
: (ic/a tie Leon. tile Spanis h chromicler of tie In:s, clted tha truth, a man"in aceds 
to ea nmany before ie toses his nase I'M (hem.
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PROSPECTS 

The Andles. J~joi ndm oetreipai iv cdl 
F101111 CtIttineg" iand il chealp to prIoducC. andIL inI:IcrasCd delmnd .ould 
greaitly' 11Cnelir IhoMeC pr-oducers ( oVe afttio hw hor-ticuiltmurits a 
C00IIrIti arra y of, pep itt) I%pes,-sirt lt radii jollialand ireMNv bred-could 
bringp 11c~ince Ippeal to COlt"ti1iiels frorn (olonriit lo Arleritina. 

Thie tr:111Istioln to liceetis~ pirodution a :1lieCid brci 1. 111 
the coastal \ alleys (it P~eril. ?Iere are- ,()fiiclr.e r eld]( A' pepintis 
tusrtialts rotatcd ipotoscoi.iiiote ris.Im kpo d! 

ith tile fruits '. ;ti-iotmnil ;nld it '.litll esporl tl-adc has, her!iiii. III 
F.erruilor. toot. fiilsae"\i iiidlei IlwaI te\ ii iriie irrIC1riltiri:i 
Conditionts III (')tile. Molie 1li;mi 40)0 li oifsi!pepinos aire plaiiited In 
tile 1,11,tniltttitI \AIle\ ,anfd HiiICieisiiin quatities le bheie e-%potited. 
notabhly tor Fl'rop.. I ofirrlit'~oii oft lttteatostnc lnp rilrkuts. 
1nrnrrdiiretrlripnu Aund C0tiiti01 qwlu\eillad tntIL ete ineal0C'110 l-I 
anld e\fpn l CairiIII-li. 

Pills 0In theic tAn L IIIIhlic irk: e tic11e1 IInwi itt of IIS crnop. 
(nn l ihK1sI Iii iis;iiten it I" liailll kitnn\\ lIII It II()"[ of Int: i, ldh latit 
nlep~irincrtts. llinnili~ III S;ill :\2iistii 1\ ;Ill jl l iiii i aist. 
there are- lil-e t;1iii /li 11% t1a pCI)IIiit.[ Ill 11,1spliinh/c. Ill 

Oiither Dieveloping A~reas. Ini iddlij'i It) If, i\ rl ciihtivattini inl 
Smith :\iler~cit. the pI~iiut has" i)een tiltninlucen! :i) ( clitlial Amrrric;. 

Ni uineea tt hl. l ; ; ..ill,, lI i , i%, III itutl 1,11IL:Iidiith'e ll ,-~ 

(,'flrrrirrereil Iln piiiit imhniin liets hccin siiCs "l(istiitiiii BrI-Il. 
I: ii.1i1tl .ii tl ,i mie hiIi~hns tt litj.I liu.itin Rico. (iurliteiuatl . 

Intdustrialized Regions. Ibis tcronp ltiti pitelt I'm iiodietmni in 
n tunpe. Not h :iIn1t111M ofart o .the: ca teirii Nediteiraitecirt Norith 

.'\reiel.\tititl~sjt.Smnith \tiici. and1 hIjil alreasl!Jilir.Althtn inle 
it maxht tve' ton he ,irno11ruiILer l' ofi p1lstic tonprioduce thle sv.eel 
11in1leCInislred tiiIts denrardid 11%tilie topphi ju makets. 

A's nloted. pepino is a;lreid\ an estibliluenl cro)p Iii Ness /ealand. Ili 
thle Unitecd Statles. it is rotlkit on a smai~ll scaileciI Mr't.ii anld ('lCa -litia 
where several hundred liectares ar iin1ss%MLder commer11cICial cu1liation1. 
'[his s1centsI to he thle heiminno (it a piomlisino1 mess aiLItionI 10 the 
horticultural resources of, much of thle temperatec /ones. 
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The pepio Is !cen callcd "a decadent frwil It the 9 10. is. sweet. sitcculenm, and 
ittelt, in the moulth. riedas Filest 

USES 

The pepino is sc, versatile that it can be a component ol any Part of 
t meal: refreshment, appetizer, entree, or dessert. South Americans 
and Japarese edt it almost exclusively as, a fresh dessert. It is highly 
suited to culinary experimentat ion. For instance, New Zealanders 
have served it with soups, scal'ood sauces prosciutto, meats, fish, 
(1ruitsalads, ll desserts. The fruits can also be frozen, jellied. dried. 
canned, or botlld. 

Pepinos are oflten peeled because the skin of' some varieties has a 
disagreeable flavor. It pulls off ca :l. however. The numlber of seeds 
depends on the cultivar, but even Cwhen present, the seeds are sof1, 
tiny. and edible, and because they occur in a cluster at the center of' 
the fr,,.. they are easily removed. 
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NUTRITION 

As a source of VitannIi1 C. the pepirio iS as good as maCx citrus 
fruits, containinghout 35 mg per 1()(g.Italso Supplies a lauiramount 
of vitamin A. ()thermvise,. it is 92 percent w.ater aind only 7 percent 
catrhohydrates. 

The fruitts are norally subaNcid. I eveCls of I0-1 2 Bri.X (sugar 
concent iat lon) :11e coim1o1. 

AGRONOMY
 

All pepirio cultivlars rC propagated ,',:pctativ:y. uttings establish 
roots so easily that mist Spla'\,, (otll holr!noae a'e ustially 
Unnecessary. "'iSSuC clltIre isalso possile. 

B'y itid htrge. pcpirro is gro\\ n like it, reltives, tomato rid eggplant. 
With its natiral turight bhr;I-I th and l'ruiting, it rmt' be cultivatedol'urt, 
as a free-standln ,r o rltnr,+d crop orr teillis-,es,. (tSupports can 
be used to keep the veight of the lruilt 'rom prillirug the plant to the 
ground.) Flheu t glrol1 , uri\car er ,lticlm d lo' ;rd set 'ruit 4-6 
months alter plant inL. It is1a pereuual bt is ustiItll yCultivated ts an 
annual. 

UlnIdrtnandirig in it, basi'reqirtrnts. th plnt hI', d adfapta
bility to aihtitdC, at itude . auld soils. WherC \ outUg. it iS irrtolcrirt of 
wCCLs. bult itlitC smithrs itlV by c lionh 4 -growin tonWetil.StablisCd
 
bhushes sho.%,.son toleritree todiu-uti., tSrt. S,. ltiuickly reco\e;lile 

'\'CgCtatie' gro.'ith. ;lthoIugh their ma dCpresscl. InI dry,.iIl bei,,
 
regiorls, h'irrirgtioli is riorr',llviscd. 

The plant arC parltollcrpic. '.\ hich l)ireurms the riced rno pollination 
to set inft Ilowe.. sell-polliurttion or cross-pollination greatly 
elcouragcs f'ruitillig. 

HARVESTING AND HANDLING 

PepInnos are hlarve',ted \.hen fruts have a pale ellow e.rcream 
background color (at least inthe opurtla cultivars El1Cramiho and 
Suma). Flriits. left on the plnt until overripe oltcl have poor llavor. 
Iiar'vCsting mils he done11C ecauilse the I'rtits buiise etsily andcarefully 

linger markings shov, up. With ctirrent varieties, the fruits onla singlc 
bish mati1Ure at differentIincs. ari Several pickings are Icessary 
throulghout tihe Wall aslon. Yields of 40-61 hlIS per hi.ctll'e 11rCiot 

viSoi ;itll 
CVtCllI11l~r. . homlliS. )i, , 

All tlAn,ir-q iWJl)lrll ,hol t . Lcr . liI\ Ic\. ti 8-p i.lcrail. 2inl 
lnfol lialionl 


ea piopapgllcd 'Mcc lii CCnt,I. 1i11Ci~iltl Pino'. n cl'il\ h bil Iic, Cuilu 10icijinntIh ir 
patent"'l . Sccdlings. in,,evu. ilimL1;itltdiffc u\6i. nn ,cacth u ticfi, whlicth allows 
Iicie l,Io s nou irun lchiInn0'llpei SIrC\n'. 
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Auckland., New Zcahlltnd Ov\er [lie I, t20i %,cars.Ne-'\ Zealand hoirficuiturisi,, hav e ,A.Vill 
tit)' the ptplol it-, it commelrcl .ial Crop)I anl~dhave' de.k\ it. I(' t)I ai greater ch.'lllwoped rIobh l'i 

Ilhla ll , r d,;l . 

M
ism odivy coohl.' 111, TIheir el,..,d rive fr-ol1n c.ilnal Illatl lall, intro.duce.'d flll
 
C'hih." flfolikm. in.ghe l lI . lllln,,.'n Io} re ellw. vil II da'., PC pin ,, itre be.ing g, ol ' oil
Fo.hh 

S~l.,, 'h i ttI~ lldIILLn\h C IJIUCI #~!(f i Jl ~~j llht e lI-ltil, il¢ Shipped Ito North Ic;,*%l'! 

liupil, li'h lF .+mopel, I l l i l, 19hc4.pei' o a ee nettNe A-+nk*+I10 

[ilv ,lliclllifC . (N It i\ cil ) l ll e r+¢ i lte C)loll. i l Ili /kodd l 

.P lilh .C t o) Ch illin 11j li" d 
I10-12TC. At\ this Illlperai'.llc they. iii\, kee.p ill .ooxd condit~ion)l 1',6r4

', (Ccks. (Sva fireighling '11'. lie losihlc lrtom mInny .' ilntris.) A frtilit 

T he ''l l ; WlC 1u sCC li u in are l o r)le at1 

temllperl'iIIre. 

LIMITATIONSl 

Trh e. liLpint is it lille- lUd ied c:o p . wYith Np ar .c l'iac luill d atl~ of, 
co~mmercial field cXl1crien .e h 'hind it. Pa;riculatr ;1;-is ofl'11nL'ertilinly 
ifidhldc the l' )llmwilig. 

Fruit Q uality I c w s w eetuvar'ie ties l so h ave good h t'ic lt u r all anid 
ma~rkieting tuimlli.s; the skin. althoh+ii! edihile. is o)ftenl toimh aind bitter-, 
and, i pcl-ii \,rrI.~ipen~ed: 1'rutli halve. ;i ha;d lilalte . 
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Lack of Adaptability TFhe best fruit candidates are insufticiently 
hardy for cult ivation in many cool areas and arc susceptible to 
nematodes. High telperatures re!ard their gro',th ;And reduce the 
quality of their fruits, Muid drought readily kill' tihe ushes because of 
their shallow roots. 

Horticulture ulltural conditions and plant ntrition can greatly 
affeCt fruit color, ,wCetneCs. taste, and overall quality in ways lhat 
ire not 'et fully "uiildClrShtd. 

Fruit Set Poor fri lt sut is often a problem. The cates see in to 
include w er-fertilizing, \\hich oIsters veget:ltivC growth Ia ther than 
fle\vring, and high tciperalires. which cause the liowers to abort.' 

Pests and Diseases The plant's sisceptibility i pests and diseases 
in regions of intensive agricLltilre is scarcelkv kllo\k i. Allhoigh attacks 
have rarxcl\ ,eell ' iltCnsive cultivationol ecolnollic ln-portac,. more 
of larger aret, iax inlensify disea,,c id pe,,l prohlcn. Aphid,. spider 
mites, and x\ltelalreadx have been eriolls problems in California 
and Ne\ /eaiahrid. Nerntldc, i.lad root rot have also IbCen conlec,.ls. 
In addition, the plants hi\c slov, ii ,i-ceptihility to vir'uses. 

RESEARCH NEEDS 

Fruit Quality Research is needed to belter understand the causes 
of' tile insipid flavor of many pepinos. If the flavor can be sharpened 
and strtengilhried. tile clop's l'utiie wkill be more seculic. Approaclhes 
imight inchldc MIaivsis of the effects on llavor of diff'erer varieties, 
stages of picking. pstlharxest handling. f'ertilizatin, rilld perhaps the 
use of salt." 

Cultivation (ropping svesliave iot ben iinvestigated in depth, 
arid Illost colllnelcial ro\Ci Ielv otoailh to lechlology. Flture 
agrolronelic rese~rcl should include analysis of differerl cu'tivi!fl0lh 
practices, s'rc.s tolerance, plant ntiition aid irrigation, light and 
temperature requhientlls, pollnatioM , alld Methods for trainilg and 
supporting tile platlls (sulch Is trellising). 

Plant Physiology The phy'siological problem s relaling to fruit set 
need to be better 'llrderstood. Also, :acon eciieili t met hod forju idgirg 
ripeness, other than using frit color, would be extremely valub.lc. 

Genetic Development Because pp121o reproduces easily by seed, 
it cail be improved readily through selection of sexual variants from 
cross-polli nat ion. The mi xed genetic composition (theterozygosity) 

Iermann. 1988. 
trlnatoes glo\wil vith "aline irrigation have becolne a pl111ilIIll erxpo rt ofIsrael hecaunse 

o* Iheir tangy asle. 

http:valub.lc
http:conlec,.ls
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allows considerable range in character selection. Added to this,vegetative propagation is simple, which means that any mutant typecan be perpetuated without diffitulty and chonal lines established.1 
Market Development The creation 

developnent of markeling 
of a new clop requires the

:is well as horticulture. lecause pepinosarc new to consumtrs out side the Anrides. nlai kets are un stable.Furthermore, there i; a lack, of basic marketing know ledge, consumeracceptability is unknown. and tiltinimate market dem1and is ilicertain,Prolotion and lniarket developnlet could do inuctI assureto thesteady advancement this crop deserves. 

Species Information 

Botanical Nan .Solanum muri'attir Aiton
 
Family Solanaceae (nightshade filmily)
Botanical Synonyims .Soun r'ariiautn Rufz and Pav6n, Solanum

gulte/na? /IS'n f l orl.. arid others
 
Common Nanies
 

Q/u(Iu'c,: cach'iti. xachlun
 
A.n Iuu: "kachit . k;clhi ilni
•Spalni.sh: pepino. !epiino dtulce, pepino blanco, pepino morado,pepinio ledolido. lpinio dcrde i ta,. pepino de agLa. niatasera:mo,

peramelon (Canariv Islands)

En'lish.: pepilio. IPertiviarn pepiro, pear melon, 
 "mnelon pear, melonshrlb, tree nielor,, s ct c c,niiber, mellowl'tit, -kachaino' (inAYiiara derivative thai has been suggested to avoid coilslion with

m1llelolls or Clilti llhers) 

Origin. 'T'he place and time of' the pepino's domnesticationunknowln, are
hut the plant is nalive to the temperate ALndean highlands.
It is known only in cultivat on or as aIi escaped plint. It is an ancientcrop. and is treqieni Iy represented ol pre-Coliuibiala PerLtivian pottery. 

Description. This highly variable species is a sprawling, perennialherb that reaches abou t I in illigh, with i woody base arid fiblous
roots. 
Several stems nay arise t'roni the hase, and they m1ay establish
 
roots where the., conlact soil.


The leaves nma he orsinple comnpotiid when colnpotind, thenumbler of leallets nay vary froim 3 to 7. The white to pale-purple to 

' Rcccnti sidics show lha evein i ruame secd is viable if gclmim;iicd in nuirienl agar.Intorlliiitmii frum .I.R. NM;ilrlineian.
 

http:�Spalni.sh
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bright-blue flowers occur in clusters. As noted, fruits can be produced 

without pollination (such parthenocarpic fruits ac .eedless), but fruit 

set is much greater when sell'- or cross-pollination occurs. Pollen is 

not usually abundant. As the stigma is longer than tile anthers, 

pollination is unlikely to occur unless pollen is tran.Jerred by an insect 

or human hand. 
The fruit varies, from globose to pointed oval. When ripe, tile skin 

background color may be creaimy to yellow-orange. Purple, gray, or 

green striping or blush colorations give the fruit distinctive appearance. 

The flesh may be greenish, yellow, salmon, or nearly clear. 

Horticultural Varieties. Pepinos appear in markets throughout the 

Andes. but although there are many distinct strains, have beentew 

stabilized into named cultivars. 
In Chile. however, there are named varieties. All produce similar 

purple-striped, egg-shaped fruilts. These are only slightly sweet, with 

a Brix raling generally less than 8. The purple stripes mask tile bruise 

marks so comm1on on the golden. unstriped pepinos. Chile is a major 

exporter. aind its variet ie are now also grown in( California itnd New 

Zealand. 
In New Zealand, the most commnon cultiviated vaiieties are El 

El Camino has mncdi lill to large egg-shaped f'ruitCamilno and Suna. 
with regular purple stripes For reasons that possibly have to do with 

mineral nutrients givenito tile plant. it sometimes produces off-tiavored 

fruits (these are identitialhc by their brownish green color). Sumla is I 

vigorous cultli var prodLIcilg heavy crops of mediuL to large globose 

fruits, with regular purple stripes and attractive appearance. Their 

flavor is mild and sweet. 
cultivar. SinceIn California, New Yorker is the most widely grow n 

1984, however. Miski Prolific has become equally popular. Its flesh is 

deep-salmon color, and its skin creany white With light-purple stripes. 

There are I few seeds in each frtilt. 

Environmental Requirements. Although this plant is native to 

equatorial latitudes, it is typically grown on sites that are cool. Thus, 

it is found illUpland valleys, in coastal areas cooled by fog, and parts 

of Chile where thc summers are not hot. 

Daylength. Since the pepino faits well at many latitudes, it appears 

to lie photoperiod-insensitive. 

Rainfa'V I,000 mm minimum, well distributed over several months. 

As noted, tile pepino has little drought resistance, and in Chile and 

Peru irrigation is often used. 
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Altitude. The plant seems umalfected by altitude. It tzrovs'from sea 
level illChile, New Zealand. and Calffrtia to 3.300 in In Colombia. 

Low TemperMlte. ()nCC CstahlishCd, the plant e\prl'incCe froSt 
damage at temnperaltre helo\, 3-( '.Scedlings are even more ,Csnsi
tive. Coo0l. wet \,C t hl during the harvCest seasonl rCsults inl skin 
cracking. 

High Tempuur'alul. The plant pe'Orns he,,t ,it18-2() (C. With 
ildequteC n1i1-,tlu,. it can'l tolCriteC tempraIntClrlittet Crtutres alove 
30C. Ilove!, fruit liroduction t hen declines,, paI;srtici-larlv if'both day 
and night temp.ratreale high. 

Soil Typo. "Ihe plant thrives in modetely moist soil, \%ith good 
dralnlage. Sols silot.Id be ahove plH 0.(0 to avoid (i,lolers such is 
mlnganese to\icit\ dl If' is itoo fertile. there caniron deficienc\. ,oil 
he problelms,, of' fruit set aind fruit (ltilt,. 

Related Species. Soalnuul 'ipu. (t/1hiilo Isa possilC wild 
ancestor, which ciro,,,,e,, readily \ ith pepin, anod beam',, CihlC fruit. It 
is a'spra\ling plant., more) a)ll ilttd sialler thall the pepillo. is 
fairly wid,esprcid inI the .A\t(e,,hcteui X00 ard 3.,X(t0111 elevation. It, 
fruits are Clongit and ,lilhtl\ smmaller tln ping-pong halls. 'here is. 

little flesh to eat. lle 1114t, aho v i'Cr, 1'or ti.. \ .i111CU: 'IIII ,Cied , Some11 
are rathel intenely flai'rd se cc, urid oc ashnall\ le' Ce i hitter 
fter'taste. The plant',, ;dlviItIrceLT, ire etCcarl tirii1. abtunIdantt yiCld,,. 

and f'airi\ totgh-,kintd fruit. 
.SolInI 0I/)LIMIIr',jA.' is ai le l;it fotln)d bet,.eCMuC 2.80() and 3.5(0)0 

Ill in soluthern ('olobiha. +tlcridL.. ai l ernr 'Ihefruit haS an iillpl
ciah Illlaoillltof flesh alld is similar to the phltp ilo,IC and taste. 

http:silot.Id
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Tamarillo (Tree Tomato)
 

The tamarillo or tree tonato' (Cyplinindrabe'tfca) is native to 
the Andes, and has becev cultivated on mountainsides since long before 
Europeans arrived. Today. it is grown in garlCns fron Chile to 
Venezuela, an1d its fruits arc amiong the most popular of the region. 
On the Colombian and F.ctuadorian uphlnds, for instance, it i'; found 
in every city, including Ilogol itid Quito. 

AlthIough dlStlibutcd tlhr-oUghoIil mLIC h of the world's subtropics, 

this little tree is uallV produced only on i small scale in home 

gaireilns. Few people hivC CvCl- conisidetIrcd it for argce-sc le orchard 

production. ald it hasWhlrdly been deCelpCd comelrcially Isyet. 

However, dCvClolnltC of' this crop is un1hder way in one country, 

New Zealand. \where taanirillos have been popular for Iore than 50 

years. They got a.particular booSt luring \Vorld War 11.when ba,11nainis 
a.nd oranlllges could lot be imnportdCl. [)liig the last hall'-centiry . New 
Zealand horic ilti rists haV itnmLdC selCctionS, developed iinlprlvCd frui 
typos, and c'caitl I conminecial ind Li rvY.Indeed. the fruitS have 
bCcolne widely Ipopular,1-childhCil il Iehel 1o schoof illtheir lunch 
boxes, and until the kiwifriii "bion""ot'lhc 196 )s, moie New Zealand 
circ'ige wi devotCd to tlnari Ilos t1hai to kiwif'ruit. New Zealand is 

alreldy deinonstriati.c this fruit's international potential. It is airfreight
ing tainarillos to North America. J.iapan. and Eurtope. and the trade is 
said to be expanding. 

Talal'illos are egg shaped, and have attractive. glossy, pUl)lish-red 
or goider, skinN. Inside, they look somewhat like a tomat,1o, but their 
siIcculer,t flesh has ;I piquancy luit uilike that of its Illore faminlous 
cousin. 

This fruil seems to have a bright futture: it is flavorful, pretty, and 
has flexible uses and a long prodliction scasoni. Moreover, its "'tropical' 
tang could be ill exoticasset in the increasing international markets f 

In English, ihe plant is tradilionilly called "'tree loinilo.' The nalre "lamarillo" was 
dViscd inNew Zealand in I967. itis beconing the standaid designalion for the fruitin 
internalional conmerc. ;ilnd is eve.n becoming coiimon inthe Andes. where the nane 
"liomaie de ,'irbol' lionao) has been tiaditional.(lite 
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PROSPECTS 

The Andes. 'I'iLctlu .iiuht % .iI h~imki m :\iitt'. jiitile 
fltle proicd. i.i k uulta 1 1itcleIt"1kd fill 111al11i l:iicI\i, i 

pi'y'ciiI~i ic'~ hu itd hui'0u i~.T% IWiiticiitiiLAIlelt i and M' 
ex\port 'lIlt11thi I, the~ I'u,t i n \lducli n ilk: IT urn11-i 1 prciiin 

liltit of il plovlsi' Mid hcItci htl~hihthiiiu! lit tic hititi, ' ciihaitcc\utilli 
(Il Clop- prol, rcclc 

HIL' (V -Ilut i f -Il115Mi ii u -n S 'i ttxlt I uliuid% hl''.:ilw ljui IviL 
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With sufticie nt eCfort. Andean countriC,, could be at the forefront of 
an expanding international commercial industry. Colomlbia has already 
he.gun exporting ajuice concentrate as \'.ell as fresh fruits. If the plant 
is given rcscarch amd promotion, this co ld spark a iew Andean 
ildustry.N'. Cooperatives i, small g-rowelS Illa be particularly adapted 
to \roviding thC fruits. 

Other Developing Areas. "lic tanaarillo haii,itich promise for 
frost-frCe, stlhtiopic:rl. and \\arn-temperatc areas. A fe plants in the 
homie ga'lden cm add good litltlitiou and it nlovel taste to the family 
dict. It i, partictnlar, good for ho1 Use catuseI it is Casily propagated. 
and "shen gro\\mi in ",l rmg ios it proi hids ,ut s\'ea-roLnLd. Also, 
the trees are \er\ high vicig. tinoih brll,. it has air important 
fItulC ill cool highlantd, 01' Third World coIttric,. hut tic f'rost-f'ec 
lands thatt i not too 1101 1fo1 1hi', phlt ;arc tIllColnini1nli. 

Industrialized Regions. Nc% /caarid,, ,elect ion of, ittractive 
ct!hivui, arid tire dcloliiiILUll of shippjing tndnilorage techniques has 
rCsttCd ill a reli C\ l\ ob '-,..',cfrilit Cetrine riternirtional trade within 
the past dccalc. This, c\pcriicIc Is denorrstra!ilg that there is a real 
futultrC fI'mthe tti1iarillo Research is needed. ;ovec cr. to improve 

,iiatters, asruit typeTll 
virus control in tie oIlI;rd,. and 'aita-ilit'i thre is 

prodrctior., particultl\ illuch 1 anud lpalatability. 
\ icI tI I I spcCilic 

need to crlat Irilorl l "it ,et . 
The ratlicr acid taste' ot the 'rtits ariv-ring i international lmarkets 

is hinderrilu rattel accptam,.c of the tamirillo i,, i 'rtuil to be eaten 
na-\ . ,s "sill Stooni bCconiC 'iIfalc fmslectCdlutt likcl\ cterhi 11411 
cul li var or f'1rr iunproI0ved hiindlirig. ard this \ill cc'rtariilv increase 
it, popilrliit . As tlhe, enter tire imnikct, promoted. amarillosarid are l 
could becomle t eorl'Iol ollloriuodity ill tire produce markets of North 
Anerica. I'hroel- ..Jipm. aid other recions. 

The richly colored jiuict of tanlarillo (es"pccially of tile deep red 
types) sCeis to hai':e r1. ich pcllial tor hiending '\ill grapefruit and 
other .juice., v hos conrrrstinr l-)Ipal nl' be incrCasCd hy the added 
Coflor. 

USES 

Ripe tanuirillos have line cating qualities and earn be used in many 
ways. They e uslly cut in h:lf. and the lcsh scooped ot. As with 
collllIon toliatoes. tir seeds are soft and edible. IThec skin is casily 
reno0VCd--it peels when dipped briclly water. The f'rtuits\kff ill hot are 
cspCcially good Oil deserts,r+ Stuch as cakes and ice c'sNIa. in f'llit 
salad,. oft (like horrrl',treO ill ,andwiche andlgCen salads. The whole 
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fruit (including skin) can he liquidized and drunk. In South America, 
such juices are feIquently blended Nith milk. ice. and sugar to make 
tasty drinks." 

Tan-arillos are also cooked and ealeni i stews,. soups, baked goods.
relishes, and sweet and savoiy sances. In Nc\w Zealand, diced tania
rills, with (111n'.. radc hltt ailI appropriate seasonings,r-m[IhS, r. 
arc becoming popular as a stul'liliI for roaust lah--the national dish. 
Being high in pectill. tanmrillos iake good jellics, jams, preserves, or 
chutncs, hilt ile\' OXidi/.e and discolor unless treated. 

The Fruit flceze well. cither \whole pceled) or purced, and can be 
storcd this '.ay a',lnost deinllnitel . 

NUTRITION 

Tamnarillos are excellent sources of priovitamin A (carotene-150 
International Units per 111 vitamin B1),,vitamin C (25 illg perg). 100 
g). vitamin F. and il'oll. They are lowInl carblhydrates; all aveiiage 
fruit contains less than 41 calories. 

AGRONOMY
 

The plant is tusuallv grown rolll seed. Scedlings develop a straight, 
erect trunk ahout IJ III tall before hranching. New Zealand practice
is to prlulnc seedling, early to eno uainumttipIlt stemS, which makes 
the frilt esiSIr to ir.iieh id redcest, chlIaCes of a'iJly laden trees 
toppling ovcr. Nolrmally. Ille tirees begin bearing within IS8 months of 
planting out. Pals p)1odtc0ioii is reaceld ustllyv in 3-4 ycars. 

The plant Issell'-compallhtilc: it can set frit \6ihott cros,--pollination. 
However, the fira-t"git flowtl , attratact mily hbes. the producetrees 
flowes, abunmdantl', and )ollination ,swenl,, to improve filit set. 

Because of' it slallow. "preadlg rol y"Iell, deep Cultivation is not 
possile close 1t the trsC,.. ,\lo. perh;ps ;as result of the shallow 
rootls, tile plant cannot tolrate prolonged don ght. Midlches help 
conserve moisture and ;upprCss '. ed s. hit din1ig dry rJv od, 11mple 
water mnust be av','iltble. 

Although adaltahle iaild C;,' to gr'M\v. thelic seemIs+ to Ibe sllort
lived: the life1 ofi comtlercltl planttioln Is ustually rio more than eight 
years. 

Pruning can ble used it) make the harv'est coinricide with iperiods of 
peak demand. such as in tle off''-scason. 

IOI exaiple, a Ilhick, lichitdrink IIlde Of I he flllit aid s.e ved %kithchopped fruit on 
lop k populkr in (Cali. ('olo!nhia. and ,,elk under the New Zealand name "laniaillo." 
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a vauriable product. InsufliciCltly relable to sstnre il po-ter, that 
shape, clor, or sugar:acid ratio -'illw remaitl colisiltet ht by lot and 
year by .'ear. Nor are ufttlre ield levels prediclallc. 

ILarge leaves and brittle wood inake the tices prone to %\mid ditnatge. 
Even light winds easily break ATf rit-ladcn branch,.-s. Iln most 
locations, pcrlanettwindbreas -hond be.. +..stablishe. at least Iwo 
year, bcrorc th. plantl. arc set otl. I'ven then. st:tking ma be necdcd 
to keep branches from breaking InliderlhC \.Cight Ol fruitl. 

Smnall. hard. ilrrc!utl,. s"tonc.' containin lgcItlloLts Ol'So1nlll 
and calci ti. ocCasionill ppcar n the it. TheV uslll occur in 
theItlotst lavers I"of the Itiit tild do t prHsO!t mnch Of a plFOb-lel 
in fresh fruit, becansc thtu,-c lit\ Cls atelnot CiIC. In Caunin. hlwever. 
they, ilrC I concril bCtl:,C the v\hole ht1it i,, used. )robbl\V theIbest 
solution is ai breedinI pigritfmil to selti for type s ,itlotil these 
concrt !otlls. 

Iheliree is i aIRtlrc"rd'dl asL;iil\ iCst iCsistilll. I tweve,r, 
,Some pests io oe t ci \ en b'lo\. 

Viruses Ill most plae]s viruses arc the m11ost SiCiIlanl diseases. 
'I hey 'ig .duc ll IC.iL IaitlimaClive sploic'hes onthe plats aI d caL 
the fruilt. NC\0\ Clle'iged,sCil iintic, ias a rlC. \ iHis free, but Un1less 
procaitiows llc litken lhc ,otil beeI infctCd. ([hC \eCIOlS ,+x
iniai l\v aphids,. 

Nematodes Root-knot neinuathuls daniagc plinl,, parlictlatrly in 
sandy sils. 

Insects The lice are attlacked by aphids, and fiuit llieLs, atnd whitefly 
is stueCt!ies a seriol pels." In the Andes,. tC tre-tlnlato wormn 
(which also infesCts the ltolalo iii the eggplat)I fCeds Oti thC fruits, 
sotlitnllics eatiitc lueiut\ losse. 

Fungi IThe principal filtgal disCa is, p,)vwdeCr% nIide, wwhich can 
catse serios dlefolialtion. 

Dieback A tlieback of unknown origii is al tline. lethal to the 
flo rr\Clr, shoots.fiits, twigs. and nc'\ 

RESEARCH NEEDS 

Germplasin Collection More type, need to he collected and infor
inatioln oil their cLinomic traits dCvClped. Idcntifying and selecting 
S i;itl icil , itkc (illiloc', 1C iotahl.loh It cil a palt-l Icj sl lce to tobacco 
1110 ,1; 1 .-- a, \iri h;,1l ;ll'l.'L',,hlk icco.l pf' lilhlo 's, lIOIll ilOt, l' J1(l(l]l h ' ,, l~l', IP',.,CC IPl .Cl+ 

The plit i' pelhap, a slil,c. ot i - ,is lintgelne ., tr Itll t .ltLp . 
I t11ielalili".. biitogical CallltlI \ ilh the %aispik inecl, Lu/ ir ia . r1-11oa ind 

1-1. lllV'llWJ'~'iijpt",ir IMp i nglll nllg,llatii nl froini 1. Slide. 
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superior germplasm-especially that tound in the Andes-could assist 
breeding programs and speed the tamarillo industry toward success. 

Breeding To support the orderly genetic development of this crop, 
more information is needed on the plant's reproduction habits and 
genetics. Long-term breeding aims should include virus-resistant trees, 
low-growing trees, and deeper-rooted trees. To increase yields, im
proved fruit set is needed. This is probably not genetic, but the reason 
for flower and friit abortion is not established. 

Other breeding goals should be: 

* The development of pure seed lines to enable the growing of 
desirable types fron) seed: 

* 	 Raising sugar:acid ratios: 
DDeveloping l'ist-rmaturing and cold-hardy types to increase the 

area 	of potential use in temperate climates; and
 
0 Creating dXwar1t-f cultivars.
 

Plantation Management Improvements are needed it, orchard prac
tice and miagement. Among specific research needs are the following: 

.	 Controlling viruses: 
* 	Increasing fruit set,
 

D
Developing fertilizer requirements: 
* 	 Learning the ideal pH level; 
* 	 Applying trickle and overhead irrigation: 
• 	 l)evcloping grow\ ing systems: 
* 	 Understanding tile plant's nut1irition: anId 
* 	 Breakini seed dormnancy."-

Biological Control of the trec-toniato worm should be sought For use 
in the Andes. (Perhaps IhacijIU. thurin,,,enss would be useful.) 

Sweetness There seems to be a good possibility that the sweetness 
of the deep-red fruits can be raised. Already, ,weet types are known; 
however, these are mostly smaller or less eye-catching. Nevertheless, 
low-acid red specimens have been ieported." These deserve greater 
attention becatu:;e tie coin bination of tie spectacuhlr red color with a 
sweet taste would cause this appealing fru it to take off. 

Stones The cause of the "stones" shotld be determined, and 
methods developed to eliminate or circumvent this nuisance. 

Informalion in this list is mosItly from J. altirenson aund represents current goals of 
New Zealand tainarilto research. 
I nformation from S. Spangler. One New Zealand variely, Oratia Red, is sweeter than 

normial, but even sweeter types seeni possihte. 

http:TAMARII.10
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Postharvest Handling Work should continue on storage and han
dling to increase shelf life and to enable tamarl-ios to be shipped by 
sea-a development expected to greatly improve the export situation 
for most countries. Inportant advances have already been made 

Hybrids Several closely rehlted species (see below) produce good 
fruit, and there is the potentlial otf evloping hybrid tamari los, perhaps 
with seedless fruits and different lavors. There seem to be iubstantial 
genetic barriers to interspccific hybrids. however.x Nonetheless, cell 
fusion and gene splicinrig. Which seem particularly easy in Solanaceae, 
]night prove practical. 

Tissue Culture Tissue-cullure techniques have been developed for 
the tama rillo. Al Ihough their mainii Use will be ill multiplying improved 
material for planting, they are possibly usefl] in genetic selection and 
in propagating of difficult hybrid crosses and haploids. Colchicine 
trealment to produce fertile plants from haploids should be attempted. 

Work is currently tinder wvay to select a virus-resistant strain with 
the aid of tissue culture. Inthe meantie, however, virus rsistance 
should be soughl in wild species. 

SPECIES INFORMATION 

Botanical Name (yl lomandra ht'm va (Ciavanilles) Sendtncr 
Family Solanaceaie Onightshade f'aiNily) 
Comnion Names 

5"l~anish." 10torili e rl toniate extran jero. liit tornte, tomnate 
Lie palo1,toniatC fr',nccs 

'oIatC Lieel'VOl c. torliIte ri-lCt s 
#lgtrli.sh: tree toiliato, tainralillo 
)uich: strtilktonaal, terong blanda
 

(Cr111u: laritlornialc
 
Italian: poiliodolo allorco
 

Origin. The tiarillo is tunknown in the wild state, and the area 
,)f, present It is perhaps native to southern its origin is at unknown. 
Bolivia (for example, tile l)epartment of' "ari ja) arid northwestern 
Argentina (the provinces of .lujuy arid Tucunuini). 

Description. The plant is i fast-growing herbaceous shrub that 
reaches a height of 1-5 in (rarely 7.5 niL. It generally forms a single 
upright trunk with spreading lateral branches. The leaves are large, 
shiny, hairy, prominently veined, and pungent smelling. 

I illrnlatioll Fron L..Bohs. 

http:lgtrli.sh
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Flowers and fruits hang from the lateral branches. The pinkish 
flowers are normally self-pollinating, but can require an insect polli
nator; unpollinated flowers drop prematurely. 

The fruits are egg shaped, pointed at both ends, 4-10 cm long and 
3-5 cm wide, smooth, thin-skinned, and long-stalked. The skin color 
may be yellow or orange to deep red or almost purple. sometimes with 
dark, longitudinal stripes. The flesh inside i:; yellowish, orange, deep 
red, or purple. it has a firm texture a nd numerous flat seeds. The most 
flavorful and juicy flesh lies toward the center of the fruit, becoming 
more bland toward the skin. 

Horticultural Varieties. Although there is much variety in the 
fruits and many local preferences based on color, there are apparently 
at present few named cultivars. Growers normally select their own 
trees for seed selection. 

In New Zealand, where the most extensive selection has taken 
place, two strains are cultivated: red and yellow. ()ratia Red (or Oratia 
Round) was the first recognized cultivar. The red strain has a stronger. 
more acid flavor and iS more vidcly grown. Yellow fruits have a milder 
flavor and are preferred for canning. 

A dark-red strain (called " black") was selected in New Zealand in 
aIbout 1 920 as a variation f'ron the yellow and red types. It was 
propagated and reselected the-eafler. 

Environmental Requirements 

Dayleng h. Unknown probably daylength-insensitive. 

Rainfall. Cannot tolerate prolonged drought, nor waterlogged soils 
or standing water. 

Altitude. Unrestricted. Grows at I .1(10-2,300 in at the equator in 
the Andes: near sea level in New Zealand and other countries. 

Low Temperature. This species is injured by frost. Short periods 
below -2"C kill all but the largest stems and branches. 

High Temperature. In t;opical lohands, tamarillos grow poorly 
and seldom set fruit. (Fruit set seems to be affected strongly by night 
temperature.) The plant seems to do best in climates where daytime 
temperatures range between 16 and 22C dUring the growing season. 

Soil Type. Fertile, light, well-drained soil seems best. 

Related '7pecies. The genus Clvphlundra, native to South and 
Central America and the West Indies, contains about 4(0 species. Many 
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that are grown for their fruits remain to be investigated. Several are 
said to produce fruits Is good as those of tile cultivated tanmrillo. 
These may hold potential as economic crops in their own right, or as 
germplasm sources for impro\,ing the tamarillo. 

Fruit-bearing species deserving special stutdies include the following: 

Cyphomardraca.sana (C. cajanumensis) Found growing wild on 
the edge of rain forests iii tile highlands of' IF£ciador. especially inl the 
Loja Provijce. like tle tamarillo, the casana grows rapidly to a small 
tree, 2 in tall. Its large. furry, deep-green leaves make it nliinteresting 
ornamental. but it also produces heavy crops of mild-laVord fruits in 
about 18 n1ont hs. The f'i1iits are spindle shaped and golden yellow 
when ripe. They are sweet,.juicy, and said to be rather like a blending 
of*peach and tomalto ill flavor. 

The Casaila seem to iCeed cool growing conditions. Unlike the 
tanarilo. the casana fruit is t pool. shipper. A breeding prograln fol 
selection of firmer. arger. and better colored fruit coul yield aIfruit 
of colmeIcial valuIc. It dCscrvCs spCcial attention from horticulturists 
aad scientists as a sollrce of genetic material 1,0r sucil qualities as 
nematode resisthlle. rol rol resistance frtgranllc. flavor, color, and 
yield. 

Cyphomandrafragrans Compared \ilh the tanlarillo, tills tree ha,! 
greater tolerance to powdery midew. a smaller and lore rObtLSt 
sltalure, basal fruLit absCission (the fruilts break away clean without the 
stalk as found on ainarillos). and t greater degree of' cold hardineSs. 
Its fruits resemble small tamarillos, but have a thick and leathery 
orange skin. Like most solana.ceous fruit, it is somewhat acid. 

Cyphornandra hlarltvegi This species has nli extensive natural 
range, but is not yet commercially cultivated. Apparently, it has niot 
even been tested as , potential crop. It has a yellow berry about the 
size of a pigeon's egg. 



PART VI
 
Nuts
 

'[he cultivation of nl't trees is one of the most neglected aspects of' 
tropical agriculture and forestry.' Few plants are more versatile and 
desirable. in addition to providing edible, nourishing fruits, they
beautify cities, wastelands, and drab landscapes. Nut trees could 
improve the environment by preventing soil eiosion in vulnerable 
areas. Once planted, they usually require little lakor or expense and 
will provide food for decades. i" not centLuries. ShoLuld lfatmine ever 
occur, nuts provide i locil reserve of concentrated food. Some are 
also potentially valuable export commodities. 

With rising interlational interest in n; ssive plantations of long-lived 
trees to lower global wairming trends, nut trees could become much 
more widely planted in the future. They absorb carbon dioxide, as 
well as provide shade, erosion control, and. above all. a premium food 
product. 

The following two chapters describe promising nut crops of the 
Andes: the Quito palm and the Andean walnut. 

For more details, see F. Rosengarien, Jr. 1984. The Book ofEdible N'jfs. Walker and 
Company, New York. 
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Quito Palm
 

The Quito palm (i'urajba.acocoides) is a graceful, elegant tree 
native to thle Andes. For a paln. it grows at remarkably high elevations, 
occurring at altitudes between 2,000 and 3.000 il along the middle
level uplands of E"cuador and SOtlChern C'oloml1bial. 

Because of its beauty, this species is cultivatled as an ornamental in 
the principal Ectuadorian cities as well as inlPasto. Colombia. It is best 
known, however, as the palm of Quito. a mountain city at 2.801) in 
above sea level. Along tile road leadinrig from the airport into Quito, 
handsome plantings may be seen, and the tre iS conmn ionIllsq iares 
(for instance, th, llartluc 1BolivM'. 11laza i I depcI de ncia. ind tlie 
Catholic Universitv). as well as in pr iate yal'ds. 

Blit this plant is mch 1iore than ,rrameCntal. It bears long clusters 
of 30-51 edible fr1its that look like little cocontts.I with three eyes 
and hard. thick shells. All these ininicocont -which ale smaller 
than a gollball--iattire at about the same titie, and lll oft when ripe. 
They are then broken open and eaten ram. The kernel Is Ilie size of I 
niacadainia nut. Its fleshy rncSocalrfp iS swCCt aid contains usable oil. 
TIhese nuts arc so poptLar-especially witI chidre n--that yot can 
hardly find one unlcss yoll look early in the llorning. 

I)e+,pitc its popularity. (lie Quilo pal m bas scarcely been grown 
Oltside ECuador'. 'thec arc, hoMeVCr, scatleed trCeS in S'llan Francisco, 
California: in northern New Zealand. and ill Sydncy, Australia. where 
some very old specimenus arc to be f'ound in the Royal liotanical 
Gardens. 

leatutifnilly shaped, like a dainty coconllt palm. this plant makes a 
spectacLilar ornamcntal. Its trunk is slender, sometimes curved like 
tle cocollt's, arid Call top 8 In or more. Above this iS a graceful, 
spreading circle of fronds. 

Like other palms. this is not an easy plant to propagate. As a rule. 
palns are slow to germiinat e and very slow to grow.' The Quiito paliii. 
' "lh y are locall called "couitos" tiittle coconrt,). hill Ithat Iram1e is also applied to 
different nuts ill Chile and olhi countries. 
: Quito palilr seeds r1rl,.t !c lhorotrghly dried hefre germination is atiempted. fhey are 
availalhIe I'0111 he' it iidant pl'duction ofl Ie paltmrs ill Quito and can he gathered along 
the streets. 

319 
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V 'I 

•
 

Th l l~cc.'l. p.11k , plt/;ir, and jlh l U] w+illo lle+ doiiiiiiHilcd Lwilhc (.?flir pat[lm. |III! 
Ithe~, gi.iccthnt Icc Iit mcta t.Hii tlIl~IICI.'lll "the "l~lljlC4~)(lllj. thaitfall ilmlll 

lhItI ICulilih ,t~pICCnatLcd. e,,pechLal l' ie cilv", ehildreni. I.I. I liduc) 

ho\ ever, is rellivelv tj ick iurovi ng. taking onI 3-4 years to produce 
its fih't see-l,+-ightning lasxt fot a pain. 

li ttle is knownvr about the (.+uito pal n;'s, reqttl'cll.nts. It seems to 
thri\'e tt implc ,,vte, but also can be cultix ated in dn'y a'eas. Its 
|I]cuadoiian hatbitait ha, a ,-lhot ii o.r 2 nmonth) I ',, seaso,. Aprarently,. 

.its deep rotst to\y s+traight down. so they tistially reach htycis wvith 
subso.,il containihng nloisttr \euar-rltiutd. It is a s,.loh ine s.pecies. but 
(a+t least fot a palnm) +,ht'+,s a hiduhes'-i,,tanec Ito coMd. In it,. habitat-
.,11()0 n|i up ift the. A.ndes.--night tell;itture,,ar in] the l'ange of 5
l0"'. Indeed, it r,, fprobabl that the plant requir'es cool nights.: inareas 
where nig'ht tempecra!ture. are consis.t ut ly over 13-16 C_' it seems to 
lose its vii.or and heilthI. 
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PROSPECTS 

Andean Region. 'lhe;Se ialnS shIuldImake handsomc ornamentals 
if cool aId d' are '1, iiiIpails 0l" the the liLItsin jid,S. MloIeover, 
could lieallHiCesinigl\' usClli prloduct for" home cowlnriptiol, for 
,;le Ii iiin'ket ,.;ad pirhaps Iii Vted pies fIhey' dIhsk the misgijmnC 

Nith their ,htr ICCpeth).
 
"lh plltnt :ils() h;, inlCasLI ptetmOChi ;Isi oiiAlitl. \htitlgh

~aturllv ~ccurrin mile not k;,.,)\ , . the\ IMi V\et lC l0111d. TheC,, ,.stalds 

And,', lh Idb se;)c hictl I'r i!erplIliliIII hCi , tile spcciincls
 
gI'o\\IIg il timtnd othtr citie', ',ccmt) be. \cl\ tcnif;it iin----thev even
 
seei to be ll the sllle .gc.' 

Other Developing Areas. BcCa,!,c this i a c;0ol ,.\Cat hCr paint. it 
i, tilltcd to OfHilt' i0ii011;ll -10i,%ill" r Olils. Ihlo '\evcr, itost+ ol" the 

scelis Iitl Isipmls,,,l tii,,ol.mil) ara, -uch :I,Iihe lo.,\ci Ilhlayts, 
the iiplJmdils + i" C;rteil .\ltica1. All.11iC imoiuloills 1"Ne\\ Gtillea. 
"lhee cluuins,, lil: tie iitli hllut~t t,0' M\lilit i, olie ot [he most 
I acltituil m I i',.t;I Iiot .ii!:ii Ialili ,p .Lie. i~iho\\ n.It likcl to bc,:om c 
it 111i4. .oiLu ih.'' ;... 11t II ui \W 11t beheelem CtoedIltl[s 11lI \\o hlI 
pridilL sonic iiniiisliet .pecitll- ti lilhihctl. 

Industrialized Regions. Ilhe Q)uito pill ',houl ute a hitmodoittLc 
t nlm.lril Ill ,ool :mii! .I melmis of e miml-tipci'ite le. Nllis.It is 

p)isllil 1l use.H"ill laic ;rcs sullch as ,. It'0 p[ublic pa is IlOW 
becofnill C,,ablished as ;a tlc,\,ladsclpC lte;itire ill northern alid 
celtral' (ilitlliimi. (,oconlts calllot i' ill"uch aleas,-. All it) all. it 
is a uni,.U altndbleutlill species that i s th, hille il-de, er s 
nCCd fu a,lotM'a-fivedL. elegtll. VWiuzolliLs. ild toi'h oilitemlicllal ire. 
'lhe sm;l. Cdible ilCts11111,.Ft Ie no(tCd,areianl,,. ()in'caitlt InIl',t 
ho,cver. This plant ilay provC to be,qtitc resticted l it tdaltability 
aid iamv. stritl t i cool simIimel climate.lor exam1,uple, rquirC 

lilt le-ka IIIV 1',
n il i , avlilt_-s "++, stol+',,:li,. ill ,olilt Hllt l 1ll1o',l', I111c 

thc ,iilo pilmis l ,n it;li. , . hIili IIk,:0L , t,, iI/ i ccl " 
of Illltlillisll d clllIrd llltd l ll to 

C;Istt the cl itofsu e ill ('huljii;. l ,h.riin i am fihll,fii i iii ilt'i, l "lh \,;fI. 
,, i collsideit to Ic illcitm igelcd -,pc.:-ics.Ihtm,c i, l,. , Il,;tt i; ti l'..ii, i.cl , tljo .

.
,
. tll itt l Itsiporhaips Cscl) Iilulic\;illid lljuiil 1 leI I,.es,.cci ill 're eill. and
lhey ctlljijli iisalte I lie is d Ise "hc lt., ot hei Ihi'kci illitsiti toil. pllll is +.1s dii. 

is WOuVu lit t'skcis. smitdtlcs. Htill fiII WisC1 is I In ropCs, i.IJSIt', , MI fuieed: it', leil 
Illidl) is il i'uic it In.etl simhlk is u',s it Ii e .ist;uchtm. Iti,. .'clti'.i t ediilllctlu : ;stilt 

ils;M 0 ii ;illenlalil. 
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Walnuts
 

Although most walnuts have their origins in North America and 
Asia, a handful of species are found in the Andes. One of these 
(Juglans neotropica) is so prized for its nuts. its fine and beautiful 
wood, and other products,' that it is grown in near every highland 
town in western Venezuela. Colombia, Ecuador. and northern Peru. 

The 'Andcan walnuts"2 thal come fronm these trees are black shelled 
and larger than commercial walnuts elsewhere, although the size is 
somewhat misleading because their shells are tuntusually thick. The 
kernels havea fine flavorandaitre olen tused in pastries and confections. 
Women in the Fcuadorian town of Ibarra prepare a fallLs ;weetimeat, 
the nogada de IIbarra, Out of sugar. milk, and thesc walntuts. 

l)espitc its value, this is a species in difficulty. Its hard, attractive 
wood is so highly prizedI for carving, cabinetmnaking. and general 
woodwork, that demand for it has resulted in most of the sizable trees 
being felled. Throughout the Andean rogionr, large specimens are now 
care. and commercial plantings are not being established. Because 

of the need for cooking fuel, many of these valC tiees are even 
being sacrificed for firewood. 

Yet there are indications that this species could make an excellent 
plantation and village crop for the Andcs and elevw hcre. Seed nuts 
collected in Ecuador in 1977 have been planted in New Zealand and 
have grown rapidly. In the Auckland region, they have reached as 
much as 1.5 in gro\, th per year during the first few years. That is 
comparable to the growth rate of t'innsIadiata. New Zealand's fastest 
growing plantation timber. After 10 years, trees raised from these 
seeds were more than 10 In high and were bearing their third annual 
crop of nuts.3 

The Andean walnut difters fron better-known walnut species in at 
least two ways: the tree is almost evergreen (it grows virtually year-

These not ahiv include dI es and adecoction of the leaves that is considered avaluable 
tonic. 

Comnon namnes are tocte, nogal, nogatl silvestre, cedro grande, and cedro negro. The 
name "tocte" is mostly applied j st to the fruit: and the name "nogal" (walnut), just 
to the tree. 

Information from 1). Endt. 
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romid) nnd it has w.) chilling requirement. prulhahl, Iillhe ils Ilative 
habitat straddles the equator where there are no triU sumnier or 
Winters. 

Although it is raniO to ',m t1watorial rCeIion. the AideI; walnut 
OCCUI ;tt an;II'eCr altitud1e ol2.5() iII, wherc tile cliiiate lstllperate. 
Tellertilre' V vu'etrl etl 3 (" nlild -.5 ( uCh C\ellii's canl occur 
CvCn in the 'ale.' dayil. Ilie Cold tolernmce i, uinknou\i. hut 'rosts 
oc.tcur r.,laly \nt,., 1,vhere c l \ tlIln1r ,\\,. It %Cee)),,leistallt to 
pest" aid disal', . The tiCe,, ar, oftel l'otd grmig along sti,lll
ink,, and thfe ,oundtrics of fiel',, whie the\ ietegzicrate fI'ely. 

PROSPECTS 

Andean Region. Thi', is potel.ntiall an extrmemely valtmhle 'species
for the ,o rcion. C(2rplaniAndean ,, collectios sholdh Ibemade 
thro.ghout. 'I PC,,'u,,,tld be ',,, leted lh" large nut,,. thin SIheI,. last 
gl oth. ,utl other qlllitIC,,.
 

.\t le 'samn tunic. o ChciuimlitmCutli, \ .IlIulI', 'should he collected.
 
'heseulu e ll, ',hl I,"'.
1 p n'luIl 't, mlUl clop'. but lheY. too,, are
 
potCItill\ ,.'hlui;tbc t inuo,,C.ie +,. Ilhu,,.' luclt1ilC:
r 

:\ueuut jLv;luut.mcuA . mdl+ ], \ iHIt', I' . * I ,' l ~ lIV I I\ ' 0 i l itiI"l n/j \m t'lltH uuuad 'sont hemmi1,o l~ r
 
130livi,1. lh. nt - ',u ',tll .und it' ',h ll i', . thick., m kin, the meat
 
dil'icullt to tc . ll C.J(r, ilte , nod i,, pri-eI lorIm t', line qlualities 
uil i", ,mititul mifuter for miakiu,g.utair's. 

* IhtlimI \alnltit" (.. /b/ iri+;mu,). Nlotmumus f flotlier Ioi,:via as
 
vell a, sttluthiF ; cuntl Purut. S1"-iiluir to ./. 1IruI) .i'(I thi' species
al d 
humusgrt ,,, \\ell iII (oti l [ icl." 

eC ll* V' ,UtCm \\ mllltll 0/. I l/' ] ijI . ('0uStul Inu1 utll.Jlns 0i1 
nolellerlJ1 Veiu,/tluh. 'Ilie tre ce, o0'C,,+'ldlA tIreu'uenCitl,+ inl the iounlr
laills nemur (",rmumCi's bui .iut. nI -\ Ixren lv ale. llthoiugh they still exist 
b t.ween .Inlllutto mild the (',lnimu lo ;1u cltud I'or'-,t.' 

NO croSs-Polllmnat~io ,i1,I-C.tlrul for- nit productiol Ill the Andean 
wavlnut, but appiarCntly hybridS ciII he made it they are desired. For 
example, hylbrid, between .. 1',uoloica and the Coillnon "l'inulish") 

,p.1 i"h I Ille',: lm imilc I\IlL . C;1i\11. uuopIt Culll1,ll' . ImL;d ClIo th.llogal l's ,tl.I'+0ga+1 .c.
ticI111ll 

J lk h.It(;t \ I1u'.11 1lcrlm. Ilogal ilrl.. and ftmgai I'lanco.'lnl'ul1malionm W]II\ Mannling.,..-. 

+


Lotcal! iiamleNz fl.l dc._(a'ca",. ci lto lll o, pl+:]|lanl. and jald~ .
liogal, liwgail .
 

111fhl -111rM
1ll+ I'1o11 .1, stev',rmlllll. v,.i:I W .F+. Niallm illu, 
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walnut have been reported." The exploration of various hybrids might 
well lead to valuable ne\\ types. 

Other Developing Regions. Andeam waln-ut,; dcserve to bL in
ctitLCl in lorcstr,' ind :tgroforsCrv triarl. in areas of uplan1d Central 
Americ andlril, th. hill regions "ofIndia Pakist:ir, arid Nepal, and 
other ,cemingly uitable ,nubtiloical >nl t opical hieLhland P.:gion0S. 

Edible nuts trc iuc illnitly p;arlts o1ihc tropic, inlthcilcolllmLrcial 
pr'odiUction is -acticAl\ liolexisteit ealIntltIlo,,l. Ib:\ndcan 
rlla., provi(e a ilc\, mniltipurpoc frcc i'0-crop the imiiddle-clevation 
are't, of the tropic', Hld kiw the srlltllOPICs. 

Industrialized Regions. Am' \ amni specic ihatl can reaich 10 Ill 
tall in ears l Inlm rcit ,twh it,, Nc\_I) in cratic a , /. alaid dc,,crvcs 
tesling :i,, crop. dCInInd;I plln1tation Worlide t'or,,itlt tiliber 
oltllpac,, Current sllpplics. :id olutid lhc .ie :'i-crop-,, potential 
-,prob'l greaerlll fl tilbcr thi or. mits. S\ clural iri,,should
be initirtcd iihthi , mlldothel , ,pe,'w in ear,.h for, inci a the 
co billtitionllo) i,,-I(wIll dudih clm-iiiriilt\ !irllbcr. Perih ps, als>o, 
'o1USt thl\brids CinI [it crlcL. 

[or e\,i1111le. h\l-bidiln, !he tropic:al 'pcci.icS with oInic of rh best 
linlib r rdl rri:t *.lcctiuws from thIc tclliperale iifnlit i.t,raiiighl\\ 0l. 
irtchdic,.e ticcs f'o Ih tiloics 1l1W IrtOducc both igh-g.rde liuniture 

wodtiiod ',dlill. li, \ litlt". 

,

P olpt.nllt.1924. 



Appendix A 

Selected Readings
 

In this appendix we have attempted to reference the most recent or 
readily available literature on little-known Andean food plants. Un
fortunately, many of the publications were produced in small quantity 
and can be extremely dificul!t to find. Some theses and dissertations 
are available for a fee from University Microfilms International, 300 
North Zeeb Road, Ann Arbor. Michigan 48106. USA. In many cases 
an aluthor can be found listed as a research contact in Appendix C. 
Direct correspondence is often the best way to locate information on 
the availability of these publications and other relevant information. 

This appendix follows the same organization its the text. Publication 
discussing several species are listed under a general section heading, 
such as "'Fruits." 

GENERAL 

Nutritional information on native Andean crops is often given in 
Archivos Lwinonmricanosdt Nulriciojn. Further information is avail
able from Instituto de Nutricion de C.tntro Amnrica y Panamdi (INCAP). 
Apartado Postal 1188, Gtat emalh City. (iuatcmala. National govern
ments often produce conSumer intormat ion a,, well. 

191. l; ,'!Atlline, de Mav o, R., S.F. 9 . ,ull'iM w.;iu, Peri. O(icina Numiinatkic, I:nco 
Central ie Rccriva dcl icru. Imna. ISo)pp. 

ic ycr'dorf. M. and (0). lakn&, hie t ,uri, lcrnziAVt ruola u'co1984. Quvi'hia,-E'Al,,fiol ol Id. 
,li, I'roycto Inc,' cir, e h, Si',lrNd, Agi jct,liv Andinuts (ISA). hrtinllo Iritcramcricrno 

dc UCooperaci n pait lit Agrickllura tlI('), Limit. 83 pp. 
rLi.i* hA'pfqflu,:.'g: 1rlpr,9, Upt i (Comnmorcial 

Tropical Plant.: (Orign, 1'volution itd l)oire'icatioil. Springer Verlag, Ver liil. 
Btirucher, it. i, ,,f.\',',rtri,',rd(rieiti E:rn l[,t llr'r..l,lr "orn (erman. 
C;irders. M. 1969. .Wrmued dec /,r;rrl a , ',,mrirr, Im "'I''I'US." 

lrutcher, H. 1977. "',h,,,ti ' 1n, .ii , 

d oirjhr. Iripronla Nicthrdi'jt. 

Cochabamba. Iolivia. 421 pp
 

in the highlha,.d lnii
Cardich. A. 1987. Natioc agr"it killrLc ofEthe Ic.ma Anmlo. atuiu (ir ',,grphi,' 

('Ctiro Intrnacional r. rr'll-Flo .nelic , Ill'( . 1181. /J (r e'n'o'dI.; 
J',t.ro'r Al,ojirr . I IItitR Sccrclailj.d err Food id Ag iv:uilor.' (rgori/ ltw l o f il' ltinied Nations, 

tie R , iH n,,',la, , rn 

(|AO). Ho+lc. 

('ook. (.:. 1925. Pelt it, atcencr of' dolmestication. Journal ,l II'v,'dhi, l(:31-4': 95- 110.
 
]-iiere, W. 1965. 7,ifb/r d' (Cmrrl++iillr, dC, o AI,l o'nVt(sP! , or rrtim,Institroto de
. Nacioral 

Nutricifti, Quito. 
Fries. A.M. and N.F. Tapa Lo% l(ir'r 'Ij ]n,',"er. ograr;n Naeitmil istemaN9..Ia r ,oor dirimr t'ee Sit 

Andjna,%tic Prodtreion Agro.rptcuari:,. innlitito Nacional dc rlvstigi,cion y I'rtnreionr Aglope
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cuuarp IiNI 'II . (rr (pIlk ci l, iI I 4444 i it i So, jp'~> i-p:'.cjpc4 
Cont!, 4, 

(iade DAV 1~97'. l/up , tp i . i:h 1 aid pi Ilp, I it~ar'p'p I .i/ IP''pp,. i ipiil HPi4.p"l

I lisihicrt I 112:Mli i.c ppol l 
 ph I:~p~t.hlii4

1i411ic, NI. j Ppp(,L, . .p~rltif 'll dlu l.1 .arpippllp 3h.1~ pc Ile l'. "pdl~ 18'milptwp 9itippp, 

Ipp'.iiipl( N it ii na !Li N till~1pJppim19p",) I/p ' m~apI it p'ipp /,pp I'lli pp 

pclie*ac pli Htp'p1( Ipp-p1p: pp ),1 
1.pp'rH4.',1>( \p. tL' p' pR 19IP ,'. pc/?,,al It h

I ".1ap Rippi P' p lpO ip I1p1, IpP ik SL,'pi 'li , FA( I/S. i,pp. (;ppp ~p114 4, I 
1i',pR p\ i.' S!, !..11 o ,11! 1!,: to ,,lpI iAN Itc..PPPp~ip,[NIP. I 82.Calcp 1111p 

i~.ph P R.11. ' I A II,1ap/,,11 ' h . p /:pp it Cphip / P Ipiw' I v'I Illip. i'piicjime tie: i;
I wpxp. ad ., C ll, 

Ielli J PoI ' Piwi 1111 ;%p Ppl11pp1pp kiO.". I-'pIppic:t HCA. 

I w 1:1 11 ' ,
 

kp~ N(,. I,, Agiricolix /PPid Aiiii. 

Nit / 18,W Vp lipc. k,: 

liip iT i 1988%I p lipic H10 w1) Il ppp' ilmlnJ;j~I, 'l po Ip' ijAil i L'c. ...l\ n :h;i N\p[l,ppit 

.St'p il)I % . liar,. lnd/PpP:11i 1i llIi lpi hiixtIlP iiP ailP pil ii ppp.'('I' xt i .PPIl hi il pi P 

"/Ii ;,l'" 1!.,141N"Im ppp all'
4 

( loppPP/P G i R, ipi,,Impj ,1 Ivpilijilpppppal Ccilic 1Ir 
lig lid ( i 4 ipp iixc./:i~ II I Pup.) ) Inipi iwA 111111',L.Net'4 1/alli.Nii~li UF 


NIIIIIP!l., It 1~8( 1: *p
i)" p'p tip 1li'ppp I'.p1ippip I ' l:IWp' 0p)(1lp111pi,11 1ppjl -- l*!'lc. i':ip't' 312
.,1 Ill J[P ,wl, ia I' IMppPp', 1,lPPP(IPI' , Ppplp~p 'p/ sp.ppppIm . !Sc '. Pt 

Nii I 1< . I". (pp'lillt, ml! I I l.. . i ' p l~ p, I Pi "p'p p ,n pp il !"Ap 

irislilpp'a pp14 t p c- nn'ti ipp. ckiiapiisi' INi \P).

I'.rcoil1 , R 1 0 35. RcAiciinx pc . ,rppIpppiiciiP 'pp pactim !.I4.cp~lpp
~ ~ i~i~ .pclppp. 

Icran .Ib~c . 64 * l'1iip'vp P'P//pp~ pIp(l . P .,Pi\1 p'i lc'~ 2,i~ 

J~,Pieth 3 MNi pit.t .1.1. FL]tpp~ii4 .i, ~ /i I981. I.n 1 ( ,, /,s.'pi!p,,.. laidl J,' /,Ippppp4 p', 1,1/ 1,'
I...Patio4%A4 P . V(;i p i111Pt ; 8. (PP.Iill'( .k pp eit 'pil , i-0NPV). ; llpp 

, wPPcl"l44P444 IV" IPP i p i tpipt'iipi%Ip,pl'p PPPi,I. ipi w O pipipil ,-t I ii p p p, ip1(il I"t 

SI I',Ipippp'l 2 Nip c 4: P ,
~lmp.C 'I'll.(Ing t 'It'Piir t pt P I'.Cil Pl l d l I )4 1p ,~p
Sim. I 118 fpI ip m Na tcp I ' pip', ppll3 .iil, Ip-ci4.'pp/ I-i 'p ~p'p pp 'PT'p ~ii
 

RVc.i~ni Ti 41i pppppilpi i .iP~ l? ',p, .1. ~
pig4 ppip p dlc ll't'pip iiPiP.i~~~ i /p ()i 'p. 

113PI<k sectipIll it FA()p4,4 Niilpp
 
I'LC Itii 1983, i
PG. '/ iTiPP c /p~p IpIpp. 'PI/pp N IP'p 'A.T,1.111M. 

Agrpipx Nliiipxcimp Idc ''i lpp~ Nfi ii. .467 ip

SApIAicp (A) 15. I Ip .l l 1 0i1 S0pp111p111
,P;I 1CClil ANpliijpp1 pp1 .p/i/'cp .87-i-ll Ilil'Ipi.... 

~lit~m A vocti 1,bldp',l p vi imN ofii. pi i4P .4II'pppppupppI ' Fi h, opl~p' w' I I 1/ piTitit/Ppn .1 .44p 

(p'iiPp ilcgi.. imm pp.Salcn,o~~. -ISPO/ 

Fap18. PF :9 2 IJ 1p/i", I .wpp (1 vpp. 1" l cI/ ld, "" 1 v t 
TuoliC., J.. L'. Nicti. F. i'cr:lpp. poldR. (',pxillt.. 11088. S!,:111, 0i i lpplihlc Opalit': -Nplcapi t-1 ' il

IIIC Ihigi .HI I(i i i Qi1Ppsicppti1pi.' i!pplppI. Ill /'i.4, lipp I.,q I..,p piippp ppIppp'eTtl lv.'%"i W Shop 41 i'pjI 
mpid r~Pi Uiip lit iiIIppp W VM(I tul., lpi'. Nt.%pNI )I lppp I vIt-i 

Otherc geitiip ipldc alppCtxtclicppit,p I.. CIVI Illa''Ci lippl il IC11 C'iIu11lcI (pPi 11111111A101111 
prtpilppccpl li p Iw p~pph. dci IPPPP'.Ppp.,iip I illpti.' .- pplmpip '. ( 'lA). I ppttpiplppI Nit pppp.plpll 

lot idit iiiil ipcc iii p t'ip'p i\ Ipp1lpp~ippi tPPPplLIcp q) dc11'Wpilx Ilit':m t c pp .Npi piiip'lic
pi.lk dtcPpip'p'pip lith s . lpxcpid b iptpi.. ppl.pppp I . C.ii:p 1)t illip llpP.dil. pl,pIi.slp ill ip,IPI c a ndipi
PIiainfl. I- %ellii 441 pit ippiti n n,1ig pp' 'tiilIpca n cl:i,'.i 

Terppp. cii',. dipc i S~cpp;Unipi ',ptap ll)ppCIp"pIp~i'A (I lpi1p1miipp- "it pppr cp it'P pp
('ilPiI'ecrt-ipxm 5 Rei~cppite Nip 117. IWA.. A,iWA. A~.itii.lw 1'Iti 

'.19801 ''',Pp.As pp'pppIcbP'ppd, i-pppapipiI ' 4p' Ph( ppi.~ .1 p,'papp. I-pppiipl'd pit' ilcli'ria Agnp.in. 

http:A~.itii.lw
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tinicil. Esclitca Superior Pit~icnicit tic (lihtr z.,. ILA. Rioibs,,ntlsj, Ectiail,'. 323 pp.
1. 198/2. Tvrt ,'r (iite,' hIternal hi,,ta dc, (u/iv.', AtiIissi,. Ilutio ItIt. ilinl tie 'Ikcnitlirgia 

Api-tipectltnriii (1111), (cltuI tle~, 1r:lciiii, dc lmiiitacistc..e pill.;t el lc.,rtilillt W(ill)). I. IP"
 
flilivi.,. 544 pp.
 

Apiipcii;r ICA.\ ('111I), last,,, I ,skiia. 14 pp. 

iNiii il C Altiplin.. (31RI'TNO . ( INIPA. ('111) tourist. I'cij. 14 pp. 

ROOTS AND TUBERS 

(566 6t;,%'I in Ri';id. I.iiOl~Iiil WCIXtI.. 
Nlintitaiii,'. A-. 197p7. (tt,, i- IL,,,itk% /i/s-r?Ia's ofr.qm it/s III .5 Sai .i'c.24 pp. 

If iaaitlca . A~\a ci isI 'ciPer. 

Aiis li 'il ph III kIl- w l& % : iIIJS B I m.h~ aI u ii il1 )N S 1 1 

lit I,A . MilINiC. c IIiistic', yicc 11,1 l itsc tic i'.iatslIII iigl i i lu I i l a.uIi 4- p Ji'u t,/ 

liinscM lFt l98i.,N I( i6 PtN n1 111~lclO, lw 11 m 
0. '',iiitII' 17'.INW doirh i tI A, ii -ISA/i tult FA.H tug II, .iiuii f F'i itic' 

/Ililiclt . K. 98S 'stt Pr,i. (itclcc III, sit 'nN., -dkl 'I1 sib1I, I I mti it- Alt ct Is (cmiait% . 

iA 'Q/1" fro II . Idlut"tIlll/?,,IFIX /I I" :h, of ." , Iit Bw/ ltict IgcirS.cflt,IIIt dPcnit is Iittg-R11Ill.t 

I'll. I. th5u17' ( i l iri, ;tt/i l. st,rckrlcih trtrt cap'Imtlru ii ii/ I lt(1,1/i k',,i ./tt I: Ie/tnt Ci 

Achia 
llitwcl , I-. I1, andi 1/ci(',siti l97i. is1A5fi~.' (s Irnp hcr Nahtl I'mat~u I Thc1il ctincrl" t r"ich 

rChttttrcc an ipicttl. 192-t1irc.tIll ItIl IIIttHolmanr.,t'ltsfi.', itt , hit 3F11:8-14.1. t'rctn 
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Clausen, R.T. 1944. A botanical study of tihe yani bean%(Pu, Inrr/ijm ).Cnil '.hieri/ A.fti'ir 
264. Ithaca. Nes York. 38 pp.


Herrera, F.L. 1942. Phanta .rropicahl.,%
Cultividas por hisAnfic, 1e',uunoi 2t 2f:179-195. 
Sorensen. Ni. 1988. A taxonomic reki ,ionol' thegcnut, ha 'vi/ohi:.ufl:ibaceie -'h:teolcae ). Nordic 

Journal ofl'otanv,8(2):167-192. (Extensi, e bibliography.
Yacovleff, E,1933. La jlquirna. rafizcomestible e ingidtla en elPeru. iii iou ,h'el. w, ,/mional

(Limilf 2(1:51-56 

Arracacha 
Arracacha has been eatiured in symposNins held in lirutil in 19814aid 1987. Articles based on

the first s mposiiim appear in Inornn A4,'|riqinri i (11el,leiiuorei,Bfrasil 1(1121) Decelber 
1984). (For infiorniatiio on ataihabilit,. coritt'! A. '.AY Zinn: ee Rese:irzh (.ontucts.)
Barrantes dcl A., F. and F. Mendo/a (i. 1487. Nievai enlrimetlades en Lllivo te it aShna17roput'ohion Iu/i,'r~o iontI. t~lhleo) i/i, Ilid' iiti). airra,,ii'ii (.4'nui iinit n i .iht'iili',irrhizo ).c.,'ailnote 

1Ipolo'a buuluii en As tclicho. 'ages 16-51 in (u/tio%Anin : .Sm'iansu . olixt .Ininm.: 
7'ndogia ,, l'rodin/i imIe 1.|lillnur cni('nliu ji,'i (h Alfi" , (Ploi/iw o II/ /)1. (See 
above inder Roots and 1iubir,


Canthiua Z..A 
 1978. ("nltic eit lliacch tI"'lilini ligcs 2t8-2 1in I'i'( "onecii, I'icu oull 
i/ri' ('|uill 1N77. (See ab e indei ( etritl heitliieL.)mn .')nditio. 

(Castilloi"..R. 1944. l.a ,'anah ii I la : ollooiiipotllnte illilitodh :itljno. I)' i c l .,ioi ,, IICiiahidtil 
42:39-42. 

,Impres;t de .ssistiiijia Ictica c I-I\tenia i lRiid ti, I-tt,ido in iei I Al:. 11I:IAIMIinas ( i i R NI(ii.1982. Mfemat~ dh,P'toduo"a ( 11tmila 41 Stlit.l 11ttI h11 otlntl-t .hleomt tic P'rothlqi'lo 

No. 00(9. I"'M. :Al SIG. i ile 'c-, 1 iiso .\gii'pcci,:,riiI.li. lGiiprc-, I~camlcir;i l.NI'."I''\i. 3p16pp.
F:ailla.c P.(i 1972 I -Ilm.. iji,. [1ijision nIiiII Andes. Meidla,ticPic,cto,. (oii de his 


Venciuila 9P lp.
 
Frinc.' P., and ,,Iid 1988.
i I guLt'! C' 1 lJh:;WI ,IsniidC h, 0hii dcl (Ciecrniipl XlliaCilc |ilcillli

if,',, i, i,,nr/n'rmi:,ict eil Xiiih: dci( atiiiaai Miliiz,m pp. I oIi inlin iii, asailabilit.
 
.'oft;i:[ S. Ira|'e,1P_ see Rc ca-ll I 'lli'acts I
 

Iicgitia NI . F. I96, II lu t l Ia 1.11,1ilc1 ellIt s.II:iA B'gOIA titlo ,,
t.' I It: A1c In iualI ogotii) 
240):119- 146,
 

iHodge. W .II. 1954 ihectilIc tll;,iL i fI-.h,- iti:c knomt ii Iott /llt of'lic \ides. I:, minn a,Ihoun' 
,
.l :1 111I.¢toll.J. ;1,.1J ke [';'tCla on &i_Lllr¢C t it lr~i th;i(.Cl'tlfI IIl tl t~ ''litL I /W IL 

l,Uil. It(':\. lo.isJute. 
I )T"6. if ... 


Rca, J.1984 .Aiiai io/,oti/i,:m en In pines ,ihs i' .uI .'ilea Piges 38 7 
-39( inl(l'o


('"mms:'ci'mmm I, (o .)n/inmo I ii,,,im,,. Scc hitt. tntd., (itn'r'l eadling. )
 

Maihi; ,. M. and 1. ('oils.illce' 1lnl'cIilhI;.c, I/low 11 :,IbI ' .('(,431-49. 

mi,,n1,1i i.,nul 
Roth, (Q I(77 ,w iI,' iir i'bcho ti l i de i li ,. m ial c llmi'i I . .mlo llhc S1iestriclItlIa 
illielf,a.m lii I ,teimme:tti1'a ttmiii 4 7Op12:I-1i
SioLAIhC./, 1.lindIL 1VMIG. I'I;1NffelLk~. lfnl,-tIl/,, ll"t'll~ltimi hmcI o o(/lt de| (' ltS " All'if'lOWhl. 
1-;h..cl.ldad I ecult tc;(e~ t llh'I 4t'l. [it 

Maca 
:ol.oinlontici. "I 9 , 'tlli diii N ia /'cpii ller1tihi.sptllt]t,:t.ca, alcheaotr ille tnfi S lka

'illtia0oIAnd'. c iIimdes m ,h , ' , iiii cm llnih ij,'i 221 IN:tc1:17
('iacon . (.( i l. ,/i,,i /ii,,,ott, (,' I.Lpidiimi l c,.cu/i "l'lm Nulsc i,dic Michill'rato. 

icr iad de San ,M teil s. Lii 

II'(;R, ISee abiot. undei (icecal icading I
 
UnL .'l .
 

1982 
Johns. 1 and lif'1981.ile' aiit! nca. I,,,,lml iI:/m ,i 12:24(8-2 12. 
King. S.R. 190. /ota ,lh r ( /",/ ih i, momni ,/I/i,' -Al, 111 (,i,, I epidit n file' etCif. ()\ali.

ilimii', t ml InIbeOSi.s 1) (Fiaitie atalyp:hcolmilltibcIIritn . IMl 1 '1ha s01 I'l lol . GiI,.t'i 
in hilo 'v. ('it, Nev, Y,mI_ bi ogr plh,|[ni%elNit- I'ItciivSt'c im .)
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Sci:il 'lll.'I , l, I "(.<) ' ,N pp'
 
t


()111/, C( . 1 -l l J{thd I % Illt Itlc I P) l I Lt'Ill ill 11 ' )II 'I,, i'm. -t ,i li +lll [III t t0 Ill
 
I it/'tlt- , ,+, 1 ttpollt\ / oidt~l ,hi. II i t l tl 11f '14.
l , t lttit~ , hall/ill ~ 210l 

I 

I 11K A it " II I I .Irl I , I iI t.I'ih !.')ii, I ;, Ill 1,l ' "' h i i d t'tl t!t .I tlllhl ll II
 

I lt 


Nlil ttiP 1.htt , 

6ti tc !i'.tit/,It9--Il .1It"Ici, t' l tiii,' It ti ' i I-s1 

[I il tt D 1,0h Pu I DI' Cl- 1ll Ill I II 1i'u1hi-'I ! .iW21t+ .Ioi . I;I) uI , , ,, , ,-.. .. !6 I ,,1 !11 /w .' , / , I?.:: III (, I,,'n w (, , \ ,idolI
 
Roll P llid , 1,11h1nl 1,,Ibl lh 1:1pic. l)k'\ 'iopI lll , I ltll 'l,1111 '1111111hll;, 1 tt.C lille /b I"cif. 11l ',
 

,,I Ill, I IffJ'f btl,'+l t Ii#+ !w ";ri# I f # . . .. m dl
' ( l t ,, 
-

ill .)hall i'd . \ It ,ldh 1, K+. l,,,, t U + ~ c . ~ 1)1,' Il l li II+ Pl' l,i lI/, 1 I'll. I +tm t"
 

" ', Ill!t i, I ,1,1, it ll ll+'I , ' l Id
 
V Il itC.., I . \ tmill] I \ l' ' Iljc POM;S{I I t dcIl li ' ll 1 I l'm wtt' , +ih l
'111011Cl.Il~~til 

tic' ml o mw~'ll Al jAc',+ \ il I, I llh It" tL-11.1 I' I l (110111 iH l~ -4 
q 

illWI,+ t'tl [Pioc 70 I' 
( I YL'If , blit I ;. '' l i t i t, <#,'+ '!'l.:/ l l IliJ t I \tlt I ltl/ IS C i lll I t ' ltII 'dCIiCll 'l'Al 

\; ,t i l . 1 .,1t ,)\it K ~tclIll I'll'I I I llflt 1111tl,11thl t-IU1l\%illill .11li1 l'lC Ill! P'~ ++illm :., 
.,/ Ih.i 1 00l! /,Ill tti'Ill-i~ l " apml 'i~ i l 1 \.t ih ll/ 

VEGETABLES 

Peppers 

,'\ lditcv- -l VIII . l ' ~,#A tc V l,, 't;h< d il Inil' ltI l} it+llll] ' i , .,l'tl. Itc\:,. 
\ '1 illl llill( llllt'' tl l ld "i 21(4i! I118 . L.'hbl tuio l. I 1 ' , \rilmll iltd[ c' .11ih ll n Ill ('il i(Itltt 

I illitlyh. \V I I . S I ( :1ll1it1an. ,11111 M\ I NIA~1 ,00 1 8 , I hc "Iillol)it l ld Ctlh il)(111 (11 t Inic.,liL'illd
 

(*,,/,%I, Imll " Il',l ,tOl"Inal d1 / l/l,/ I,,, (III IliJ i I
 
, "Ifl~ l . I ',H . 1l,"0 . lhv,\ II1+II l llkk ill JIC tt I M C h1t;IC lla t.c. 1.12 1'4 11it l tciltil. 118sq;i IS .eeLL' 

hcl% tillldtc I I ihll , I 
M MiIll, I AV - .1 S;I;tl1. 1-ll. IILItt A JA ook 19m ,10I /l,pil, 1t['mI'tlll N.%[l ' Vc ' ihlt"tl) 

Ithe Ihot. Ilim ld I tllpiC ' ll: I - ( , I)C'~i lt~l i 1-1 \giullt 1 ii IN 1), I.SL.iCllC t ilt 1.II.ilC:tlii0
 
.\dllllh'lIl ilt'll., I B ()ll'i I
Ih 1 6. L -% It\ i I omll'iolha 7Mil¢1. I SA\ 

Squashes and Their Relatives 
,

191" L Ill I'il.iu li 1:11Lc 1Vll1I|l~ lh 1 ( !LI Il .1 ' A l l-ht127" 1) I i ] 1llt0. I'Ai lL'(11 I'll t'I0 l I.l:CIlICN
 
locotit' . ") .1 

1
0 

) 
1 ;'1+ "Ill dl" (II01l11o NJ .1"'ll I hll I eI't ;ihit C
]a,it' 2 i I 11t1.:1\,] t- 111t il 

illiid li ( ;ell. [it i<hc i b' I 
Fstitiill, A ll i/.If. I I ,illil P I tlill~ 

, l 
(;'it,1 Ill - lip. : itu Ithl ll t l .\ if'( i:llBl 

82 1, IHiN d .[I t"l'di .0 . , i -'( ). Il Ct 99 01 
.Ie'lh n . ( , II)S I A, ict lt.%N ill lilte ih( ll~ lli, 11"llatilt I/ 1"Illlial 0 i lll' I m ml mtl .%,,,/1, I ;2 
M ill i, 3.1 197 1h ,ll[II(] S liilIII1c ilil pklin lj\ll jltcs liich foodlt \%till Itlitic clloil P I' l , 

md M\i , 1.12 ;tm l i: homi th ilt.h ill cc~t 

A iR 

,it 1/" h lalt+ l lli, W111, llt tt 88: 137 iRt'lvinl, ,u 

Re" eaich ('illtI 
W hihakl t'. I.\V. 198l1. 1h l p lclillia} t.O't ll,11.iil 111iJlt l!~. (11 1011li intc\1hlilldi NpecuiN tit'"('CIi' ibi 

,
Iii.'tait ild flhe list! ofl Cl illlhll 1i t' ltlll\ ll alll a~lt.'l 1Ifpcl Ilic" nt'it d all C'oilllllcel I)ll 
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FRUITS 

Boksc' 111.11dvd (1 I %.IN41 lilie11 r 111l 1-11 4.ri. OWIIav:, ,F111 c., r1,1 All,, irrcu vi
 
l ,~1IC110 1 i IIIIM .l 'm isIu ,ir', /4 l:iiiirh
7 r, fsAIILL II h. 1, .\ '4/ 

Dac e Sc N im d1Y(iT /jj,,4, Iiic r,,k IIII it lswo. m.id~i ( )ili, iii c.PIN;,Iqi i l~.~ 

Popiii., I'AI 'l taiil I I, l I,,? hlll' II A4 , I Aru .4 f iii li %%mls.
1 (IA l Id I AF'cr is'. 

I'.!.~ k~ I POW) 1 , it ., .''W,4oi \%' 1 xi,4r I Firc, alli-F rrA IrI 'I/ Photo ,rrr'ri,,isI 

BI () nt , 111iim,,r, d (l 
R,,rrrcr, I Al\r. Iib I N I r I.,),\- m N, 5.44Ill,4 I .1 

Ic ,iicl 1cil .rii I W. t l II~IIIP L1 .'0 1111 [IJlll~ 
Atit 4, 10C1. I, . . .P, r,, i-lI I 'I'l, i,i 

1 
, 4, 4 jimIrci, , s AI'l. 1/ii Fir.1 I ,,h ,, -', I I ,!, 111 11 o ,I\1.1 , s i IS i.4 C l IIc5. ( 

.l11 ( sF[i F11 li 

M oionieil. 4,.I-1 , Fif,iw 4 M 1,44 o F , ', h.Pr ,' 1iI 1i1riit,,Fr1i 111I ,4 \1 0r1,11. I WIll:4,I 
SeliiciI4r .iiIn,,,rrHo\ hIn, i,,~ r t iI, Il e i,,. r, , Nolt ,',,4,, (N, 4 


Pal]. , ,
MiS I ldr, 
5IFi14r.' 1/ Im rlidF Rc eri ,si.,icI.All lli I~l rc bis N '.l,''r, IFrti. l,,ii 4 

Po.1,44, \kHIr,;t,.l I , r 2 1'1 ,1 ,'IIIl l 

i'ej~riiA iil ' I, i t sIj4 lrlIfi.i~ Jiu , <,',,iihA. 1i& !., ".Il IirAllies. 

pNiIrI,~rreu 

IIiiijl. F ' V F4 \.4u4I ,o slie \i" 4144 b,l Liru /rldu iuuri e itil r" uiue 

.I~ir,1I N II. I''r/,I, 1'~~ 0' 1 tNu~e r 'FI I ,uie1cu , ' RS 1iiihM,.it 14JI'11 111ui ,,rF~e 
,s e ri,, k4, ri 'i l l 

I). irici k I '~I l Rii,:mrr 4'It I jirrnr, Ir:,. ,,i I~ ,,,ri1,Ir' I 1111.,IIIu / t Ill44, I11 Aultuul 
rr wl.' 2 f 1i 8122 1 

A).,i,,iL1(N lI cI~I~I~II . \spl1er iAICI 1ii i.ticl'eIII N, .'ree~ .iil.hr I III ,, rW,011 ' ll.NiiJiICieihL Iiu: 
. .1 0 , l We (4,III-rrr,,rri11o p,, !44,v FrI, III 1. 1111 1. I, F[[ALRk4111 

ANlk,ihuugir.Ill 4442/iIhi 

%1e,4 oi.44 ,1,144 r 4,11 71 , 111'I'i 42 ,, '1 ) f 

I ii.i . I l li\e16 .1 .Ii,1,Iyi,, I II %111No4I h A,Ilri I,4 I4, .'l ii.tiand1h .ti Ic % til if,eI,t. 

N.,Lill, I Il .;i , 111111CIIIIJ Qi11,10 I4/rIFI.l) ,A'ii.''ri 241:47 S 



338 LOS! CROPS OF 1111: INCAS 

mora gigaive tie (:ojiniti, I IiaIf,! 
Wolombial 6: 501-507.
 

Pope noc, W. 1921 a. The Anides herc Ii 'oui I,) II ''lit 2. K-')

Popenoe. W. 192 Ib, THe Colombhian tir iwonil ofI/I ',jrI: 19 s--2 o2,
 
I'opetioe "924. (See ahm~e tinder Firms.)

IRodriglie; Z., 1: and .1. iDiiaiiw II. id. 


1'upenoe. W 1421).1 a i,'V, AliI;%Ivii,I'It Ie fI( u/lta N (iinrcui 

Nionra d C;oI:;. i'agcs 1'9'1420 lit 1). -(R, ;tllmdH 
Salazar- C., eds.. !,i/% 1,I/ 2. W.A Htllgoa.


Ser~lici N mo lildc Aprernd'dae( 511 N\). 11d. /IJ(/tU11-/u11 A111-.DI m'aoim
de(iiiimjaome
Regional ll'm .SENA. liwv :a. CoIomiihii. 1lip,

Shetrmani W.BI. and RIt1. ap 1' Iti~cslii'g //ib'i for \kajimi H om, ulturial A, -m 
6:14--19. 

Wiliamsi U F S111111). IMIfla 19. PI-A\:iemaii hlackli r% h,,bmL., hrid%. If lid ( 'Al.k A 
heace.11Ia Nail OIc1ii aOir 2 5l'l nnm triiI iicm' I-.,n't H,*i'ir\ 4(1:-'( 1--1 . 

CapulJi Cherry 

Cefima',io. 's A I)S ( .111ill I'.:yc' 21 -,; III .!/w.ii .N'/' A-lwuiu 1 "(, , I wetu/, %Nai/i%
it" h) 'I:,,a P-i'.' a I Ilicd, j. ( . lI:;n,Ji 'ic/cl 1) V.. R. Ion I . lii, FI Iiiir,,hort, C 

Nrc\'i'l. I-. l9 IfN ma. i t l).a Ni- <I-NIco:,11 11 Il Lt Vlcrim Ioi uii-aIIri i, 

Roi~iMu I A ii,ll ofi ,IfW N I tt,1 imi111:1t'm i ii 11 IfCI,.- a;il im .mpAlhait ndi 
Mk Vu hmji..tic N' Ic.I, ph /ii~t, /iewhwiii:-'/f iill l l, oiiip.cI ,imn,,i'.um,1 phld Ir-ll 

18l1 47 .49 

Cherimoya 

lI kIL/cr,I, ((.)Ii!) I I.O f II 'li Hg Info ill iui (ll, )11 I110Ii/U,.iiii (iicriti. G( (;1)jIfr\ 46 

Mise'.c 401I~iitu \S ij 

Neo lllaim,!'.ll Ilo F 1 6 (1 1__1( 

U;1lilliimc, /it, .. f l , / lifo, lilfa, Is Ill'ci dmai cii, \'m-'~ . 1 N.I I. ~lif 

N)k.ci 1 ) NenilII ( . 111 oclil G - o \iv;1%0 

Galroasfli-. I -N (15I 19iM)o Ih a I
 
I l i a II: llc4I3r(nf,-l44l il Il).c


SC SCAeder 


an Vmjti .Ii: alIM~loo cfeizmtiLi \010110u11.1, (jus' 

(., . 7 I 'lfimtm f~mrmmta i ~~m~ 4..,i. ,, i ,irm .. l 2 912 
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Schiocd-.r, C.A. 19N8.J li paaiiinaih/n prolemrr in cherinjova AdmhitaaOi, nal Rate' hit Soiia'i 
NewriatatZl)li aMnici 1:12-13. 

1970. rlayriiili Uarriai. 1 r Yia(IIboThwwlni,n P.11. The la in CaIiI'l Ca laifoiiail Ilaa I, /(r c ap1. 

Goldenberry 
Cau

1 
a R.L.I1912. it: cultivaiti (Ii taptc iliaaarlari%. Jowiiriat of . iiuir at ait, III Aivaraii 

Ii (C Ia I . .S ishiiia. aid 0).0. Plail )iiiamiljla I-d liatild19in.al"'. l Sheetol iia-3.I(Ai. 
( aaapmr i Fitacaiiaii Scmicc. Ilaavii illalitiile tit 'hoiiical Agjiiiiiir ,iaiai11IMMIn KCaiiiaCCS. 
L piaaeilla of Ii~ia~it it Nfainoit. Honiinalu. I1'aii pp. 

(aCiil tit S :cnli andl indItII'Iuii RCar aid (ShI. 96 i'agCS 18-11) 111 /Al' V~ili Oflil'11\Sihiii 

biaui: ai'l al. h'ifliti iiiI , .Iiaiiialioni iDicrlait~le. (tSlIR Ne.A
lfaii'ialiti.I. n Dil. 

I),Ia IN. 11.R adi \ .11 WhIilrhead 97 vq(iail Ma ( 111111ialln. iIioliinaliaii Bu/tn i Niiiiibri
 
2/t0, iii imila~ rlfiaiw aa Rec ith IIIaiii:kc. S a'ttcritiiiari. Southl~Al/iv. %aiiirac. 41rp
 

iciri, ('A' ,i P IS aaaia it, I/iA Imaaiii oli~ii taaaii/a.22 pil) (Aa~iithle loti
 
110.11111111Clilyll ;1011 the A1110 a I\.Cllf I MIUIi.,iiii . Sl.) 

Jili.-Ka \\ana!. 111a.lii1- P )-Ia' HIIaltnIIIIIl96f, i 111iai-~,Ia/i1 IaaLIiiilii Ni.il,60ILIVitli 

gIati,. 1i) dt I .ap 'IaclCi I/ia (a 5Ilia~pp' 'Cla.aa/I. I:/ra lil li~iiil /alI.aaaii 

1) .i/.iliaa ta,. opa , Pila, /1' aii it~llia lia /a .ila A'it , Araraicia a till!i. 

1 9IK/i Ia c i) .1 id i 1Wooda 1 ih (,I ao,ncIa I\i I'll h', I- Ii -I,'a I/Ill 01i. iiiia/i at,ai: "iaa \A'll 

t 
I x'/gac, rAi1. Ii 74 No!''' !''a O I i,1, I\. :I III .aIaI I o I lli 'ah,~ i : 1 .u i I IiiItI lIIit aii~ l fli 

aaia~ii~iaii all - ni- is ':p lci Ie h. I, m I Iaills. It au/u ( a-ap% 3111 iii F Il ii

ai :19.23 
\aito.a J I< 'll)i 1 1'!a-0rt 

1 
9I'i I IJ *alaa* i' t ICIai~ IIL UI/ hiala Ph"lOH1,a iii' 

I2 In!,, auat' seeWa III. I t]ill ili1 ,/!5, a' i 2iat i I di\~ii~ Iliaii. . Miai:aii: 

Highland Papayas 
1I~iaIIii, %\N\I, I/afl .\c ieaIr l ialli'lae/ai iiiti/d~a lIn pa 0IiiilMii. h ah atilal ((alal 11i aliiii 

(adlflicaii.liulihaa alit Is.ijialai I Coalaaiili a Remlii I al lida'aaaiaiaiiai a aia ia'talplii 

aitNItlai~i0-aiaria 1112 l, .. ,l at 1,1- Itll AI OII ..ic 'aI 'AIl~aa t Iii'alaliCili.). 

\iMi'li 29.11S' illI iaiki It'll% alLH a~i~/irl I ( aaaaaa.Nee (aafLiLa!.1HOP)ii~lai IZrCSCIIalAI 
Cai'ail. I. I/lai II. a '.I I ala.iiilc. 11a. llaiolLinl, ikata\1988s a1a Isla.'i~aaI liiuli'a 

i),aaca ami.]haL. lIa3S.i '''n /al ai~amili I fiiaI 
inl.A. 191 Onl laaoiali'a Uia (Liiat I mai ha;-flails aI .aidalaiial1 1 Ijopici I-:tl, 118 lkar 

Radai a )ia1laaa .iCAl/.AUIaa, t'.r. / 

I lxna;J.. lBnuikoa ( . ada ( ~li' I )~~' )lliilll uilllIci~aiai. N in lh/(ati111ii i 

I raiikIlls .1ai1,11a( 01aIO-ia ~aaia ~liiniaa.-acla a I axiiitaigla \taa. i.l~iala 
linjbllaai. I )II_2.I I :aaawiilal iflilaallkal '11aliciallrli1i11aittck~rl I.Cliialiliaaina of aill aa 

l.. allilliAi/t l aa 1-( 12)1 1

hii, Ri.. Ilm)l ilai a( Iilia ., Laa,). 1 i1). 22U 21, tit ).1.5. Ifopit. rat.. blIaiaaia'/iaiaaaaa ill 
U1a1ia Waiiilla Iaaa,-%/aI aIat / I iala I. spiiiiiaa' \rillc tfilia iiilrelt"ar %\lca (/aiiii.a1i% 

Mali. j aina N iad.IlilI Ly~icoca al Oa-IIrIa I anna, dahloa Itinlic Jrcaiiai air Papiiilil.t 

Paiges 'it a) i iii ldla~ il a la.ai ,
1

'n liilloa hmelll~.i!,)So ade iiliad~ (ailiai aic 
V'alel/illa. Ca daa 

Ninkikap Ii1T. iild IL' Naa,,aaiir 111-7 >\ I' 'INlliis ( hl )kira .IlalIiiai I)/ fill'1CIIItiiAHa (11114 

Aaaicit NalllfA If 0IIbp, lililtilli A, (alm 1121 1.2 -4 

aiopenoer, 1924 aSan iliali iuitI it ll. 

Silva. F.. V'. 1-11lit"na.dl I..V I i/lila. jta()..\icar aili aialllai 11inelrjaI'lI 
dummIfllC iiiaiia iaiiae pai asI aiaii0a101iaa1, Iiaiakl III, adm Wlly tia'ria ailiiadmco aiiall Iua atili ii a 
S ai." o flu'llafiituta1 1 ti Saawll aI fiaapial UtIarviaii 24,97-210)1Velgadie Rlmli R. !988. .aa lili Iiitau' Iraq:la a/a I litai o ( i dl peaiagaaia i1,hoa/lirn) Ilaiiillai. 
MIa,,tera theis, F'araill At llant Srir:iara'I 1, .II[ all ~idaaC. Ne%%ofal' atk. 
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Lucuma 
Ad; I . . ' I A;II/,.h , i. , A A,, .. I I AP:~ I(I 1 .1 11 \roI 1 . lrI 4 . , ,j'i1/1 +, l~ l' l 

'I -C:IId l 2.t nl%CAI, h i Ahii i ll .1o [I,Ii I 1 1 . 1 1, 1 ill 1%.illahlllt , 
rftl it : I1 , 'C'. , h 

1 
'I " . 1 i I 1 Iii I I I t /iit, I Ii 

Ad AI. .1iIAA "/I i, t 'IttI i Il , IAI t't' ilit lt I titL '-'i h i I II	 t' tii I hlii 'A IL .- h 'L~Cl~;I .A l~ t ll 
il i 

l I I IiI, 
I 

"~' 
tit il 1I ItI'vl l IIt ' llclh 11 1" 1it I Ill AlIll+ . 

t-lt-'ll~ it ['].l~ l l l~ 1 l Iil'.l 0 11.1 #!l l '#X i Wfltm wltl // I \/.i/ ll //, ',+! .... , I l l ? t { ill A 

" .l1l1SL tld l I I i ' 1hll"'1¢ 1.+ t & Ill, , ll h, !w-ll I:'i .,.'.. I ' d+ ie"++,+ ( h l' I ' l+I 

laranjilla (Lulo) 
Mlill~cbL- , \d 'j(" 11i Hi.11,01il11i BIhrdh .- I i, /R ol'# / iI' ( ,rl 7,I ,I ;/ /- ,hlt ' 

(I tiIIil/..i I)iii' I ' I Ilt I h' .,Ia ,ii/ 1 I ... / , I , ,,, /,I I", fn , w, l ,,i C AI>A:(, liA~, AlA,i i d , A t - II I A AI 1 -I , !,, il, , l I I , .11 I ' ' l N 1, 1 1 iI l A;' . II I ~tllIt i, 14i iI~ tilllI' li! I )llf,,+iht ,/++++ '' ,~ i+ " 

+I I-' '' 'i I I I 1'01,'.1 I I t" ,lli l?, > 1 l h I'<w " , WdA S I ill II.I' ,' . t , ' . '" ,,t t lil t I I I~A l l + 
Ilel~~~~~~~~t~~~~i.IL il ILilll,I. AtAA 1. 1, ",hl,~~~l']#I:I,it I .l , I'I PIt+i ,,1'#li/,i#, I I i I
 

I11 1 h 
 hit it.d ~ !l , \sk I;,+, llit. l'< h Sl 1tf0'+ ,+* V ,d , I /[, ei ,,l t, ,] ' Alll I I Illk, 
", A ., t IIl dI~hAl + ', l lA l-, 1.0 1 flh	I, . I.h; do I If A , +h 'lt! ,1 ' 1" Ad'I 1 l I I I 
, , 


!', ts-tIi , ~
 
I ! lll lh t1 i, c , 1
1111. ss 11 Ill I l \l'itl I Iqll - \ 0' ,,+ , /i ; I 1 1 , ; .... 10llil 

( I'-I, ",, 1 , q w, .... ,!t +,,, , 11!dh IN I \11 (.)li',:: 1+- I ,P

I tlnIM111 , \ ., L -111 1+I"+,s l, 1oi , , , %l\ I l :l: h ,i
I 14 j I-i 'I, I it , i '11.lA I l I l . . If . 

I "d+ i l q ,," 11t. ' " ,.; 1
I"Ai fil~l., II I'l !1 1" 11~l,l l Ji .1 A l . I 1, 111 111 l !Ji l ,t ! i t1 1 1; i1; 1I il l 


SI~lt I\, l m]d, ( A i; i , ' t lt
Ill I it 111 AS 11, 11t l l ,l l +II V11 il11l11i' 'J 11 1 111\, 111 1 l11hh l 1' 1 111' 
All'' l ' ,1 11,lti 1 m /,!I , I \ /l" , 'litf~l, I , 1bI '1, , i 

I iI w o."( I( IS { ltt~ I~ ll4 1ll 
AMl.11011,11 "Ilh 11I Vll I 1,11i 111Sl A C - <liilillh 1111', +(' Attt i~I A'ilIc 


P fI' . Iilld I I 11!11t 1,,
lc,.+ It IIlilx Pll" , , Itl +l i, /i, /!, \ )I.i- I IS: \ ul11, l1111111.1 10 t l I I , i
 
\ ( IIll'tdcI Io, Q tllio+
 

!,:c%c,. t I I 1I)', . I I . .1,,,, I'mi / /,I #l li'IX~l 't, I l ,, 'l
m -I -it ol, m j',\lfb 0, 11.1ilill,i 
t 1il1,Clt /t;/l#m w I, I/, /,,\,lJ •u. Ntt eil.l' l th XXcu,1 ll. I "'Iv l I l)ih , I't , l / - ei~iil i cii I it,,, 16 i iiih,uia',l/i * 1i tl +ISI I /+,'llin i ii+ hltI,'u ,ii ( +iItiltltl, Ill.tiu1ilhA tlillit ,i/illl+ *i~ml/,a lcs . l lrlllx'llwl, 'ltl wl \ .h l illi 'i.i ll lt ll tlii'll ll+.i lit\tc silii dt l.,I I a 

17u(I I, PA1.1. 

(.111. D , 1. d Mi~/ 1 ,, I b,al/ d,, ,z#< .:'Sol.,il1ill (illhttk-11. ld t / .111 1 1 - kill.Ad (I,. .AIVItlll ll~l 
I 111i1t_&i-1i N :i).llill, IIC ('01ltIlllbl. . ASICt&liII. A iilmiilbl'i 9f7 pi'l 

Pac-ay (Ice-Cream Beans,) 

I it,:It" I, 1lilt. h h1L lt. i ll I 1tli gC i~l / :': ' illl t' il sphu I1ltIli t" L-, , 11Cc' i+ is.% 1101ih - tl:l1ll fll. , li,'
 
1,11lA% A ;,ll lo d iA e 1 ip ~;I,' ;is 1 ki4kl ( iic'CIIll ,' ' i t v S:lIIhidt' Ile h, . ti.m ilip
i : 11h"I 

;\. 11 1.wi~i. 11,! , 10 6. 1 IIllb's ( I"r,/ll'lil f t I IS *I Mii ll1111 1 M0: 1111. ( '111Ldill" I ,i~ lld c~+ltll.lil~l/ll.
Ih1,hi:,ige. 1. R. mid L+1. I'\cdai. hi 1117 lowl, , d,' ( ,,shl +l ld 111L "[f,'ilil' (CiclIMl Oc tpc 

Siil lo,,e. ( list,. R~it'i
 
,
K or tit . 198 ',)it, 111iC CuL t ,I (-1lig ('+~~A I , I'll l ix'Is w 11R1 11I 1l11" A.C f,1 In II]li ). t~i 

Cd. ., "A>lit l 'M,+#.\llltill I / l -11,t 1 : Mll %0 '0% t-1 ( h li.,tgt I'll, ".. , li ;Ivo'l 
1 olll S. it, 1i kI'i ii ;llJl, II~oloiy .1, 1 ihl iA vo'loitn il1 / Ik'!H Al sh',wli fiB ,/ nl 8 l ~l 1435 - 164., 

pilfl l , 11)8t, !lti ll4 llhillihi ltII. il.1 i1 lll1 w i-Ili ,:ihl1P NtlI . lI + llsM 'l'd l; ,h l+
 
.W1 5 ): 1 .1li i1.1 ;
 
ll.n J , 1966+. ( CIAnl1;1lA illi l 1,1ili <Ifiltl ,k C, IIlil t lI ;,,:I'Ait i tl:it AI e.LTii illAll +I"10lI l #lt'l 111,41, 1 
,1lI1%Alt i lt(</1t~(;,+itden; st, ' (IS I ' 

M i~lll i M'll . ' "F, !llllilu ' ,1k:c t'Ic uInfl .llilii- vt.lilo /Ili:,, CAlIu+l Nill (ilele.ll pellillo. I pl ltlc 
lR'eI i %; I A, i itail1ll 7; J! I 12) 

http:ilele.ll
http:Ilel~~~~~~~~t~~~~i.IL
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Passionfruits 

NeniI Kr A'~ 11i:,.-L I110kci %kl'1 0.1hlRc
 
2W -201 111 1/ I , it, ,,, ,I Ir' i,,, 'If~ . I..,,ml tic. 2'{Al..uI.o S i .
 c !m, Iicw:n 

I4 It 111'C14IIN A lMIM d il 'l 
L Kfci.e'icr lcIlI!Q,A~ P)8-,j,%I,,olol 

Ii,s,ii. ft..,s ds 19,10, ii.i~i IIS n isliiii .iul I wis ism4'5)152. uiiIIsle 

I IIIn, :1 11i I A 1,%I~o~hlw No P. Ill / sI(I i l ss~s 'd II, )I III III IIss'I is I Ill k CI lsd 

Ist1. Acf,, 1 j) f]us97" 2i~,C d',ic,erilsp'! irs ! rri 'I',, Js1s i. 1I:,,it 17( . Il:N
.11" IH-ite, sBsl'iIc tdai ,, i I; t, Is ,R9' nII 6 2\jr Acre l,wm 

Mali~lic'sI.% .,v' I I ,& 1'0,iic Ciss ss , . urn) ,,, m i I'411%/: t"1) )Sts1C!w lf, wt: P I',1c I m...~ 

14 14 " 

Iliil~ir. i)12. 11 1111.\, 1e l,, ai ,1 1 ,ii 31 )31(~ K. 1 1''i;.' 
Pr isss .IuiiueIieus d'u . s I,Ilosi.IIS!. i 9M RI'(wsp Biij .Ii, , .Illim.' l c'rssiito I 

1 .!:oln t D; is! 14 i] ps'r c ckincIus. t)s~(ieI'oflw ,i~ii ,cc alii l rll'olis.No)Iis' No 1's/ Il m l 11i 

it I .~u. /~rslitiI c I"w, in', ii1!1,'iji tij114 "iI iiociicn i'd %is I 1 ohue. ( ololliblatto 
!cin* Nn Iu~ , seeiui I /i 'I ruch co ,\ w ts, kis ', '184 wniccdini ii, 8It OI J l72
 

I) 1(I A I I 18. e niai , i'luitId . lcc,2 "~i
 

Fdion, RiiimL' 'ilicPil st /ieN', ho11 p.o,ok in lliflub, rn iNiii.i l i. .iiiiiiif,2 

i,,1 ,ol, 1, pt, //n 

d/u (e,: io ~. imo3I:tthil aoA mc1 imte (mh .Hg)~
 

Wd idi~ lo Uz-l Ir!- ji ,m' i d"I. Inchill. 11S ~U5,, h ., . iiiisi et 

ID( i,., I .1 1 4. I'..P 'iisliti ,l pilil.p l'Cces,,tiig .$I'ig' I2.4.'lisci ko1willin 

filii,ui 0 mK.1981. Pelm , biti 1 /i, s,e inlw it- iissM,1. I'd Gn-iI, Ii 3?SXtslstii.il ilii 
',sqll l il,h s,,s , ,'o P t:. tic irll'iuu. Ill: cl ss ,'ori) *1,nmI WrI iit ., 'I / .l , Ils( u . I I sl_ 

AAj'N2rI (ikII' i Itl O hIIUF(d V l,,. 0!:,clti1Sicme I ;kLr u'isi\slcIII (ii;CIiCI *aspp Iclcsieii'sire 

1984I. hIDj.iiim, I. A. mns.Peii97?.rj irel ,iiieimi (1,(,'iipisi 'ri SW;si 17i'e.sIii,, 

DiiNrl ) J.,ucG ilK.Bu l. I,l vit ii(/s,l. jlii(,'hrs, Pepim ,n,se:r l duII tgitl~ii(W lq AI l Ini t iieri 
PsIroduc PlaelnI .i tizitl (lii i c N o. 208an-' 9 .flmpict is nilnhl I'iii Mitiii .it nscl 

Hvisnriets. Il a ie i*to a o s'a d p rpeIifv ki. l il 

:milt~ RAm ,Hermannssii iN1 ll,i' 'm ii ~ icr , l . Inde/ i hi I Iilt,.ssIIi, , oliilsm isl JsiulraimlI 

?,:I1:8 -1 s 
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SctideI, I . 1974 F rfa hringien ma dei Anhall on tio
1aImnu i aill itp it Stid~ptnien ( I-xpcinIcc
 

-Aith crappiriv,of .S,lant uri,.iaiin ill Soitheril Spalll 7ropn,,ait ' Th S
-1 24- iI. 

Tamarillo (Tree Tomato) 
HiIton. J 19A0~ Jdniua;ill,,( A,/,,(,4 p i tu tIIrIim Ir%rmeIll P'0. Bo\ 28019, Ati..klant
 

5, Net, /eal,nd i
 
Bit,-. I.. tl,K. Ilie Jb,'. wii ,',,iui phoiauidril .Siu a Pth.D). dimriaiirr.
 

ffaix ud ( niu crsir. Mas
. ( antido Njtiwiucr 
Huh,. IL. 19hii lie Cilinwhotrr, .I tic (i/q ,lwui L ,m~iu fiRia 4;1?12 
(aiiacnat, A ;1,( 11 tairillIt .iwm prl:,U!r ,t uto odlviih,t cnll., regril)nr detil ilinii f he 
iarn,,ritt,:i Intcliiop !hat tciii he L!,ori in .iis~ riioli Jtil,- '. 1119699
 

Ijatiani .A ind 1KP. S ( hminti. N-1) Hic linkIC roti Il, c mnaia. Indilan liforti liurt,
 
42)13-14. 

1):a, and t'rinvItc. tiol Sc k,, ~ dci hiut,., 
I'ltchul. WY N 1109, firo'-pwii Iw,',il,, \turuitii.-I %\gcjciiriand FishtcireN fiiuttcin No. 3017. 

VWcllingtion. No cc tnict
 
Nirii.J.[V IM . I IN llLr k 1:i , -i tawiii l. a tr'n-g, oriing car'.-1 .iiniz an itt icc fr
 

siihlrropicar .JIinilC'. h raI/,Pl' "I tlit, 1',. Si,,: 11,;f Iliii Sm ct 5X1-5
 
()ritmucta. M. nid. /,ii ld,,, %fanit-'Iui iiat ,i l' iti,, a ,,. (enirri dc [ida


RiuralcI ANitii, JIitioh1iC de w, ( a Itisi,;1 I Itcav 42. Ma~ir
lae. IIi: I Is pp.

Site. P.V. i3,Jarwaij , , n/? a ', m,r .q i
,J1 Iljji( t ,i, I''.'c 1wm( mwpir i 

lanal 1L, IpI k tI iIII t iraI it I,c .,it! N' ll, t~impttci , hIht tiomn)MIhn IsIr'-r

tintNmrlciitiil: C a km,f-'ic CNMcti, Srl %,C I'll. lcie .ctiiu ri Nc.k /C'atn.)


Sat.IC 1. RI< itInS l-, il,,r%Ii), ,, . .m,, mm,w 
 'Ph:,r :,1 ', 1:,ane. h Ir.iiri C ' I 1,ruil, l 
//na'ri,':j~C Nctjjid. ttaiillc:1itiiiilt ti'dii~c mrid it,murc N. '9- rNjatt thr'CaI 

Satc. t'.R, tin4 lnwiqriilonn P, , ,, Netuni't. . ''I Ia'lirm1ric ;i1d ld~ice No.wuti %ghll 

NUTS 

Quito Palm 
Ba~rrn% . i. 191 tic it~cotmmi;,n c 0tti ('11ILMt~: ine qi'ti i tcIC p;.tni i'm -1:146,-148. 
ti,,tle%., i. nd A fiarlnmt 1987 1., amhatmin raltin-m ien lcc UOnuunilnmmit 92:17-15. 
(,rintr,. M, H. Polio onI' l:w111.0kNnntc' 1 

1-
5t'utini Otli, urk Ipu,i,ja 4. 

I milliner 'ii. ;. 1118.- i,,~ m itv,rm pa lt t.' pt:: oonIn mldu aicas. P'rint qw.$ 
11(41 1-2 - 6p ( lip 'a mi .rt I nal .,,l!r I/ neCC c cc,icn ( )i~ 

Mo,ic 11 1 tn9-0 d1irl,!Ic! l'nuaI"I',i-i ,,, ,ni h~im,ln , i4,.2> 
\-Il t.e' R< . ii \ Ii It1, /'njn,iudw 1rIii mcl %lile(. I ipp. lairkt md ttiidcl-ri, 'in ccii:, a 

Walnuts 
I idt . 1 91,5 I It lnuu ~, i i: , %It iiet;ii in iconil pici. *'u, jd vil, i/1luio il hiIf-if ...

V-n ,ilin Nhliricic 2 pp it pi a,makmc hjiir rimlii .cC RecrcirhIt ( alit, .i 
NItiiiicv. W. L I9w/ I tic gCiinin im t.,in ii SouitNurca ainii !he Wcsi tndic', flunimwi 1: t-26. 
I'neccH ( . 1) Ocmil,.n V.*R. h-1i I.- nit L. Bmiin.,ii,, ( 19h' Nog;it. '1age-, 77-X2 iii :Ipanfi~e 

.Smrt ,- A4/li i.m / uueval , it SivmruP.l'r111i10 P11%CIu At) MntiIa I N P%I....' dii, t ci-O R 
(((1 tPER 02" N I. I , Lia.Pr 



Appendix B 

Centers of Andean Crop Research
 

Listed below are South American organizations with known involve
merit in the development of Andean crops. (Appendix C lists indi'viduals 
working with Andean crop research and promotion.) These institutions 
are likely to have in'oraatiori available on topics such as agronomy, 
biology, germplasin, nutrition, processing, and local knowledge of at 
least some of the crops ti sctisscl in thiis report. Also included ire a 
few private 0organizittions that work with thcse native crops. 

In brackets at the end ol' -on-e addrcs;les wc have noted.] the 
depart ment From whic l\ wc have received iulormation. More organi
zations are becomfing involved ,'.uth these crops all the time. and this 
list, therefore , ho1ld not be conSiderCd definitive. 

Argentina 
Cer2lll . Nacnl~ I tc ]n ctrsigad icn, ( iltii,-:1s \ 'ler ic a";,, ('C111111de 'ludirosFtit. Fartrllicolog.ico, 

ie Piricipio, Naiuiialz:t. (IijIt'l iN S-.irio ( I|iiei At's,m I,14, Aireslr,5. 1ihz'nos 

F-s:lClt l| I.\;wrivileIIal. 61, lliguil. I.:1 'ampa 
Insirtuto Nacrriti tic lncrloi" AI,,\ 1OMpll~i (I d l t.' Indligrcithc., tit. RLClIlIo( 

Natllr, lcs, ('a-,i lai 1"717' IIlte ios. ,Ailts 
InivitiIlo Nacronll tie 1¢, -,loinal~ /Icllii'I;i ON'I A,' . F',t~lionI ,\giop'cnalltiiaAgit F'\pmun,critol 

Smltitago (cl -I,( t. . ,idCrv:ia '4 tic ( 2(t del ort4?211id Nio. '; ,itla lltc Sminitiwt I' 
IJniveisidtd NatclomilI tie o ilt li, (':tilla tic i olit 4'6. . trdobt SOt)) 1 hII'll d d (i lencit' 

iEX IIci , I:lsit,; \ Naittll t. 
U~niv,.'.i,.l d N: tcrida tic. I at PI Ital .k i Pl l 190I k,'01 1110.,htie (Cit'[4',Ki, N;1tt1r1ii." N, ,N'h~,., 
U r.ci ,itltd Nait. l :,u i Mk.el lihi '0i. S111 Nietl kte Ilt, i) it i ,n le C tn'.,iltllot 

Migue I I.il, 
!rulr,,itlt tic itionost Ailu',. I t.tlli Iu- '\vtin il. j. A\-i ita Sai Mail;ln 3 iitll-enos Aires 

1417. i , \ ! . ', I(';iledr t tie Jii'tjc;,I 

Bolivia 
.nti l tic Il'eot.l : t-, I .cl ;t hihliltrtlltt i, ( oillit .61. ('t~C h;h tilht 

FIlores Nlo ,ttilh. ('iiIla (S1. 1oC haharill'a 
Ilerharitt Noional det lIol'i~. C'ownl P'ostal 210-127. I.:1 Pa/ 
In,liluto B~olm,aml) tie "'e rilogia)}l A'glpe l',:iitu (Il I Ar), ";tlt'C.ohlmbia, ('.isillai 2631, (Ctclilanilla 
htli lll1toBlivialro(tic 'F'c lo)gm~ ,\glo ll ir a i~(ll 1/.,1 Fsltac.l I-Apl irrie lllll;llalll C slillaI 

Pos.tal S7i:. I.a iP / 
Ilmlilutit tic F'co.lop-,a~. C'&,.ikl 2(0127, L~a Ila / 

n11,111,141 del IICA en lolivia,itiIetrlltttlmictlhi tie (totpeacin p It la Agrioillura (i1(A), (ficina 
(ai(a 62057. ii Pit/ 
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Brazil 
I: mIIpre sa lirat~uIt; ri de V'ctIms:t A.gropcetd-ia II(MI II -I. . 1'1 . l~~ I S , Iiri~I II,

Jjj;, 70I.359 

ciii-i. , INIU W (,uvi I'o,d 1'). ,ojr. Oit)A). 4,10 
[m p l..ildahicjri tc PCstqiI)l. Ago i~~i . I IIII(AP\I'\. I d~.. \'li- Icuuica cc cnli

F: 'cn,,m k l d o I'y (;vim 1I M\1:,!do NMiit i . I'i,it;: I.,,. dc -SN i Cd1ccili.No. 68 -I 

(Lmijidade LI awiujI PI ui~ii .\Ic I,d'oI M iu.. ("111'.' dcIc R1n;1) NI ( lu~a) 1,114 '. 

Poianj 17S(.R~ic(.,. 'aI. ; I ia;!~1.500' 
 .IaI ioda,'.c.l. Ig,jial dIc ).)~c,;c).la']~I 

II\iC!iIILC FIdthic.. .,H I I m i, ( I..P( nn .. la l~ot,;I)I1\cI).(H ,, dc I(C( it fl)iNAgiamda R 

I Veminan..,,;
 
U],IS~d dI'ssCdi ladI., V*,' 
 r !Iisb 

sUcIep'lic;.. I cuic sIa der 1,111I)11.. Mi eItcd'IH CIH 11 Jstc 111CI illJ~l i 

il sit I -,,I. Nc '.lsi,; -)))))1. l,~it I-ID l-I N IC~ti t' 0ssCst..;s 
do. Ri 

I 'i~s~n AsI,. Ehit.. ) diSit"~I .11\)1I 21-. N sIIcIsdc lrs,, Ii g Isill I), .sss),; ao aillo~ sINf 
II ii icsn1i i~. .. iI 1, iccs 

C~hil 

(ssrpus;cion tN -\ia)(orm -11 ',.ii.. lIss.,',I Reg.ion* M-I wpluim Yac/180.Satig
Fods &oi 'iiu I-iur(igmul,ms l o theNI~ 4')t Nlon, 1A l.A CIissli ila 71,C~l 

Poitit (ss lss Ags~is; ii lIt- I, "ni.hN.vw I I. C 1u1cg1),'In( ) SM,, o' .su .Apisvlssls Acunhol 
233. HItlrsir . NIc:11dlt 111Illk Ii' 

UIntCi-itsI I A hA& I111C.I i, X( I O Iticn .111l sn 

(arIil d ( ;pij'sslsACils, S))I- I1 


nus I"I1k)' j11,111 psI..1It SAsIlnri,s V I ll 
ic vgsstil. 

Ag)11)1.l'IIsno
 
LIIliCrjiaN sniss.s'11C,%
( I 'Il sl'ic 51, aoI)I Iris 11 .) i .s) I1,)0I . Imii co ic~C)). 10,,.11, sC(C(( 

.-Xlsldt , (dc IiIICt I;sc~ :Is ~ psissc~~ trgssiia 

ColombloiCaIslo2; 

lIrIjIio~jIIsdIC i 'arms tv AiZ1sr);sslo..\pIC; 1 Isi.c!r\ 1 AaifIAsejrco 1,C1 (\groolis
('0)Ivr'iO s (11 Na R IOS IIClhi irns ans N11.'CIX-1)9. IMs 111'R) IAs I. l e 673Ci0sCul AtinioA 
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Ecuador
 
Centri A tliii tic A cCill I'jtlli;ii (t'AAMI. ;%pjiIlilill 17; II. )tlilit
 
(Cel''ti uIAil> Ciou i'ipillii I( A.AI. ('iittpiiiip).Ilichlici

C.orpotratcion Aihicllic v lcLaju olh; iANI)DI: , NI) lho\ 6Q2. :\lllmv,io 
I cill' l, iipelior Po lilc lco Lie Ihllmhoil/o & SPOII,)('l.(,'10 h 4.71 I ~lilt illotdl ;I 1Ia Lile
 

I iit fili Agri'nomiiica I
 
]n,,lilllltiInlt'lillmicclio tic :i l i ..AQlcillilii i (1[( A. Ap mtl;il oh 'Mi A.. Qu)ilto
 * ('ooptcl~i l~l 


i liliu h li citimil tic ii slis' ;lkirc. A I'c II'I,, IN I,\l'r I qlij'n I \pclillieilli(tel A l lli. 

]lilillil'ci Ai ' c'tll , :i \'llli m.tPo.ni pl i dV.lti.iI ' hi lll;.l \ ,
c('aI 26M.ii l 

lle' i .i InsiliiloN22t2i il i e Ii'c , iv tiN ''S;'lll;it. I.- piii.,i c ld(aliln.l" (':I~ilklPI'ii 140,i, Itl i'll)Ih11,1~ Lie'I iliIWI .\l~dtnioN 

Ilinc o S .i ..( tlllo ( 0i1l1" Po ,Ldill,I (( I it ( 

Niiix' cti N ica A , ,ici I
mii mlil. dct i;i ,illi Aitat. lit n i I lC I,,i',lll a (i i ' tlll ,'i ll0l i1\c, l li l
I qri\cti NitadI( _llli c j ~ ~t v.I c{l* ic t,I ' m o. ,llll[ ~111111JlliIl+.~tIll i. I 'IClIC'l;IN 

:\gricolaisl 

i I lhl Lm i <,lim c,sudlad iNaooi ltlld Cai,,,t I e'll;, BI,I ,,!,,IItd lll i6.m1:i1doI kllllo,,. iullid 

Lie Cile1clik A\2i<IC ;Il. 
U~lml , 'th l c In i ll , lib,lo,,,\ Cilld I{,hlliihi,,1 1111",,11.1 w tJlhi ci c P -,, 11 ;1-.,.\1 lli f l' iulladt 

Peru
 

Ccnl:It ln111CI , wll"d d . 'lc%I~ u l l I l )...p.l< do, 141018 . 14IJ'fl \ I ImIp*' 
('I.lllit]llernlic'inatl(tt I~tIP l;i ~(('lPi, ,,\pi it o ll" . I lilm 

ct'lliodc'M edilllI .Anldill'i, Iilllion i do P',diimt "1, ..No S il i M olll i, \]lllaidoi"I I . ilk'do 
( ' ll Ic'niolol " If I(m l i m l kilde I1ll,11 li,1 It. \lItlii~i. I \1. Scdc: ]i lll'llll. ' li Iiilln i t 

,

-41l,A pll l It llictic it ls ('; ,l 
" 41 1. 11" .1 It Ilil , I ]' liiilo, Rlll~l.lll 1 11 " , i" tlloh " 

('Ime.lt nilll, 1 
/ 

i( iI ) ll I, ,c'lldti ,\17.c iio PI II11-A\lo i p'il"i Illlt%," \ lh li 1i1 . Sol, Postalilli 

80-7. ( list(, 

iI' I l ! t!t- . lll, I l II' 1 11 :llII u II!\pIIIl (ilts: fl "Vl I I )k, .Il~ 1 I 1 II I Il rI ,\ ! f.A t IO 0 

(,l;lpoltc Il, li,1 L~ 
 dollh
I Ivl ivl,lo ic lc t riil]P pithiu.MIIN IK \ I t~ l "]h irll , .,\l1:1ilt)l 

Nol. 222. .\\ct'i ( vtll nlmilw S 9, Sil I(ollh,. lit,l<;\o 
In/liltilloN oionjl i I ol, f,id-, dcl I u.,ll;(IN HI )W i. hl ,'l i il\ ( ill~t,i.,iiw I Llc' Iil tit'k'lilllia 

WI('1N I W VIii. Iliti.1lt1'.1w 
]ll111l I IAnill')N7,1iltlild CIlt Ili I l'N ( II (. IIl VIii~llt:1 N A il ki'h 1 glll(it' I , W i, 1 li .I It Ll ide IIw.hl', 

.]llli;ic lI.ill 


IIroilllh Nicimuilil 1(tIIILL'1 Qt' ,ll~i Al!1imild'illl1,11 .
li lol\2 1lsi \.NiA,\\cllk t (im iml ill aoilt 309.) 
] IntoiI 1hl[ il l al tit'- "A I-llrldr 'li,.(il, 11'!( FlN il 11 Nlli IItI li , N \RG 

lli , N icw mlllil Ililctlvicloil A f121;~liw 
tic lla !ili l l, I I%.\:\ . I. Il'lll I{\l)Clilllcilll:ll l]ialmis 
df'l 111il.,.hlfIII(;iVt'Vlto 'It. t , II ,li lll. . ,l ll hm a~lila tici l l 'N;Ic'lOll~l ('ilo wit) 

..iidirio, IMN .A\ 

hlitiltilht Naio nallltic Iim c lif!,-I'ml 1,ill'i Lh l1h~l ll i ]. 1111oilA .\ \ , 
]In~luilo NalcwilI tlLic ct wcllo~ I. h ollli. l o\2itI ll l Itn . )cc il Ii I IIII '\I,A 1"\pi,do ) 10697ll . !.Jl1lm1
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Universidad Nacional de San Crist6b;d de Hiamanga, Aparladu, 220. Ay.muchot

Universidad Nacional de Trujillo. San Marifn 380, Aparlado 315. 
 Trujillo jFaciltad de Ciencias 

Biol6gicasI
 
Universidad Nacional dcl Cenro tdeleiert, Apatado 13h. H uanca ,'o

I'nivtrsidad San Marttn 
de Porrcs, CallI Bolfvar 348, Niraflore%, lirir, liniltito de Eatudios de 

Bromatologia %Nutricitin Andinal 
Universidad delI'acilico, Jesfis Maria, Avenida Sal erry 2120. Apait ado 4683. Linma I I 

Venezuela 
Fnnndo Nacionai de Invemsigaciones Agropeetjar;as IFONAIAP), Ministcrio de Agricultura y Cra,

Ccntro Sinin Bolivar. rorre Norte. Piso 14, Caracas I(11(0
uiversidad Central de VenCzuCla, Apartado 4579, Maracay. Estado Aragua 2101 IFaculiad de 
Agrononital 
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Research Contacts
 

With few exceptions, each of the research contacts listed below has 
contributed information to this report based on their personal expertise 
and experience. Most have agreed to cooperate with readers who 
contact them. Without tie collaboration of the 600 individuals listed 
here, together x,ith more than 5( other contributors, this report would 
not have bc(n possible. 

ACHIRA 

Andean Region 

Carlos Arbizu Avel!aneda, Programa de Investigaciones en Cultivos Andinos, Universidad 
Nacional de San Cristobal de Huamanga, Ayacucho, Peru 

Fernando N. Barrantes Del Aguila, Programa de Cultivo Andinos, Fa ultad de Ciencias 
Agrarias. (lniversidad Nacional de San Cri:;r6bal de Huamanga, Apartado 220, Ayacucho, 
Peru (germplasm, pathology) 

Augusto Cardich, Facultad de Ciencias Naturaler y Musco, Universidad Nacional de L.a 
Plata. La Plata 1900, Argentina (geography and climate) 

Cesar del Carpio Merino, Departamento de Manejo Forestal, Universidad Nacional Agraria 
(UNA). Centro de Datos Para La Cons-rvaci6n, Apaitado 456. La Molina, Lima 100, 
Peru 

Fondo Nacional de Inestigaciones Agropecuarias (FONAIAP), Ministerio de Agricultura y 
Cria, Centro Sirnn BOlivar aTorre 1010, VenezuelaNorte. Piso 14, Caracas 

Michael Hermann, Program on Andean Root and Tuber Crops, International Board for Plant 
Genetic Resources (IEPGR), Universidad Nacional Agraria (UNA), Escuela de Post-
Grado, Apartado 456, La Molina, Lima 100, Peru 

.Joy C. Horon Hofmann, P0 Box 492, Loja, Ecuador 
Zosirno Huaman Cueva, Genetic Resources Departrrenl, Cento Internacional de la Papa 

(CIP), Apartado 5969, Lima, Peru 
Instituto Nacional de Investigaciones Agropecuarias (INIAP). Estacion Experimental "Santa 

Catalina," Casilia Pcstal 340, Quito, Ecuador 
Carlos iieto C., Progrania de Cultivos Andinos, insituto Nacional de Investigaciones 

Agropecuarias (INIAP). Estacion Experimental "Santa Catalina," Casilla Postal 340. Quito, 
Ecuador 

Raul Rios E., Centro de Investigaciones Fitotcnicas Pairumani, Casilla 3861, Cochabamba, 
Bolivia 
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in iBiotchncIoqy. (edlr 9 KU5tiot (. Jaklan nanlda I0, Boiji r. I r dci e!,id
 

Robin Saunde rs, Agricultuial Resewr' h Scrve t(ARS), Ut nc Auft: 1ute
ofueil 
(USDAf) W esrtern Re jiona! Rosearch Center, KCo ibtcirir ttler. Alitaiy. ( alitot ia 
9,17 10, USA (pi(Xcessing stdicites) 

Richard L. SC1hu,1tt- Botdrti(dl INst' tJin., li tvdid (1iciVI'l Wo.ld t Je)tt0St ith 

MassadchustIts 02 138 ((ISAlethnoi tohAdr lv)
 

SeUiuj Jin illi, fIkatliiict of Horticultirr, Ncrtniti Jumoi -,lIiI ivt o( k ind
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Il.-i. Ischtijscit "'iktiovi \'tidr0iiltuti, italtist( tI ist (irtiuresOmeitalr titid t-[111 111ih.. c( 

[Jiesticat M uitullcst tlssi 1.1, I)is-dtn B021/ I ct ir hiittit.,)
 

L o F~tIa \f inoc U oft Pl't( t;[ (lmlFiro, lit (slain-lies) 

Wataiia %Yzittti ittutita, fi'tiliai smillriiit I ItId ( p~jI Xp"1iititett Slatttitl [A-poAmtent of
 
tAtjriilitoreu Shikftio, r~uikfen Rd 1'11uistid, 11I1 11
 

AHIPA 

Andean Region 

Heinz Brtuc-her. Fmri j ridorltiasj Cd-silla dc (Cuiieo 1.31.Mendoiza 5500. Argentini lusetul
 
plants I
 

Raul 0). %tirstiito I.. intltott Noiontr l df-vstua ct' A(jMift:iJidS (IrikrP, [-,taton)
 

Instituto Micturiri (I( Irtv-ttita tot us iu- NlAP, (set,Aujropt,t mi I cuonfui r~nirj 
Juan Risi Car burl'. Colt ii tilt Ii lef q 9 svstclis) (st-n A( tuna) 
Julio Vala'dolaliera Ott( 'i' (It, Itvi,itott, IDipa itio dc Aqi loili I. (Iniversidad 

ridonimI dc SLuit('Ii ',ibat ti Ifl it at if. A idi ado 243A. Ayac iul i, Per i 

Other Countries 

Aritl AzdeI. InStitUt IrlCIJtcraijin die ktiaj;)i tatioti piol I AtImlit lti ( lILA). Piemitin IllifdS"t 
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Crucu-. Nltw Mixtin b8003, UISA 
W. Hardy Iil ifidiiff. (ISA (iie A fitraj 
ChiitinImririquertatt, taut.r Aiiir ina Sitdws Pu (ruti, ( urtil-l (Illiversity. (Iris FlaIl 190), 

lthta~a, New. Yolk 1-18!53, LISA Otis. Imuupla it tuset) 
REL. (mnie lin11ton(] etA JMuieiuiit Sc-rs'ic. (t.,S IDelmitmet of Ajrt iltte (USD), 

Soulhi rNi ult ut l huili~ti , Wasii ujot , DC ?.025)0, USA 
BAW .W. (lint t, U1K (se A(_i.t i) 
Jesse JJynes I ) tI lit of iuodielli stir , Loutisidila State (Jnivei sity, IBatun Rouge, 

Lntuisiaina 70803- 1 164, 1ISA (qItie spliciru) 
Steven R. King. (ISA (elltruobttainyl (se Actuura I 
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Avigdor Orr, Product and Package Development, DNA Plant Technology Corporation. 2611 
Branch Pike, Cinnaminson, New Jersey 08077, USA 

John Palmer, Division o1Crop Research, New Crops Section, Department of Scientific and
Industrial Research (DSIR), Orivate Bag, Christchurch, New Zealand 

C.A. Schroeder, Department of Biology, University of California, Los Angeles, California 
90024, USA 

Richard E. Schultes, USA (ethnobotany) (see Achira)
Marten Sorensen, Botanisk Laboratorium, Kcbenhavns Universitet, Gothersgade 140, 

Copenhagen DK :,23, Denmark 
Calvin R. Sperling, Germplasm Services Laboiatory, Agricultural Research Service (ARS),

U.S. Department of Agriculture (USDA), Building 001. Room 321, Beltsville Agricultural
Research Center (BARC-West), Beltsville, Maryland 20705, USA
 

Louis Trap, Box 59003, Mangere-Bridge, Auckland, New Zealand
 

ARPACACHA
 

Andean Region 

Ormar iJves Carriji, Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA)!CNPH, Caixa
Postal 07.0218. Brasilia, DF. 70.359, Brazil 

Waldir Aparecido Yiaroueli, Empresa Brasileira de Pesquisa A(jropecUaria (EMBRAPA)/ 
CNPG, Caixa Postal 07.0218, Brasilia. D.F. 70.359, Brazil 

Francisco Luiz Araujo Camara, Empresa Goijna de Pi-squisa Agropecuaria (EP-GOPA),
Empresa Brasileira de Pesquisa Agropecuaria (EMBRAPA). Caixa Postal 49, Goiania, 
Gois 74.000, Brazil 

Carlos Atbizu Avellaneda, Poru (see Achira)

Fernando N. Barrantes Del Aguila. Peru (gornplasnm pathology) (se, Aclhir, )

Augusto Cardich, Arentina (geography and climate) (see Achira)

Vicente WI. Casaii, Departamento de Fitotecnia 185, Universidade Federal de Viqosa
 

(UFV), Vr~osa, Minas Gerais 36.570. Brazil
 
Raul 0. 
 Castillo f..Ecuador (lssue culture, virus-fee qermpLrsm) (see Ahipa)
Fernando L.de Bastos Freirv, Empresa de Assist6ncia Tecnica e Lternso Rural do Estado 

Minas Gerai- (_LAER),Ernpresa Brasileirs de Pesquisa Aijropecuaria (EMBRAPA),

Praqa Baro de Santa Cecilir 68 - I Andar, Carandai, Minas Geiais 36.280, Brazil
 

Cesar del Carpio Merino, Pen (see Achita)

Luis Eduardo Mora 
 Facultau de Agronomia, Universidad de Narirno, Carreta 25, Mpp 18

109, Pasto. Narino. Colombia 
Rolando Egusquiza, Programs de Papa, Universidad Nacional Agraria (UNA), Aparte.Jo 456, 

La Molina, L.ima 100, Peru 
Rolando Estrada J.,Laboratorro de Recursos Geneticos y Biotecnologias, Universidad 

Nacional Mayor de San Marcos, Facultad de Ciencias Biologicas Apartado 170138. 
Lira, Peru (somoclonal and virus-free germplasm )Fondo Nacional de Investigaciones Agropecuarias (FONAIAP), Venezuela (see Achira)

Santiago D. Franco P.be, Estacion Experimenta! Banos del Inca, Programa Nacional de 
Cultivos Andinos (PNCA), Instituto Nacional de Investigacion Agraria y Agroindustrial
(INIAA), Julio Guerrero # 121, Uib. Cajamarca. Cajamarca. Peru 

Tomas Guerrero, Alemania 221, Quito, Ecuador 
Michael Hermann, Peru (see Achira) 
Fabio Higuita Munoz, Horilizas v Frutales, Instituto Colornbiano Agropecua.,io 1(CA),A.artado 

Aereo 1511 23, Bogota, Colombia 
Andr(s Miguel Hlatky Hernandez, Facultad de Ingenieria Agronomica, l-;cuela Superior 

Politecnica de Chimborazo (ESPOCH), Casilla 4703,Riobamba, Ecuador 
Miguel Holle, Programa do Investigacion de Recursos Genelicos (PRONARGEN), Instituto 

Nacional de Investigacion Agraria y Agroindustrial (INIAA), Avenida Guzman Blanco 309, 
Lima 1, Peru 

Z6sirno Huaman Cueva, Peru (see Achira) 

http:Aparte.Jo
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Instituto de Ciencias Naturales, Universidad Nacional de Colombia, Ciudad Universitaria, 
Apartado Aereo 14.490, Bogota, Colombia 

Instituto Nacional de Investigaciones Agropecuarias (INIAP), Ecuador (information, germplasm) 
(see Achira) 

Latinreco S.A., Centro Nestle, Casilla Postal 6053-CCI, Quito, Cumbaya, Ecuador 
Sady Majino Bernardo, Facultad de Ciencias Agrarias, Universidad Nacional de Huanuco 

"Hermilio Valdizin," Jir6n Dos de Mayo 680, Apartado 278, Huanuco, Peru 
Reinaldo Monteiro. Departamento Botanica, Instituto de Biorciencias, Universidade Estadual 

Paulista "Julio de Mesquita Filho,' Campus de Rio Cfaro-UNESP, Caixa Postal 178. Rio 
Claro, S~o Paulo 13.500, Brazil 

Laura Mufioz Espin, Prograna de Cultivos Andinos, Instituto Nacional de Investigaciones 
Agropecuarias (INIAP), Estaci6n Experimental "Santa Catalina," Casilla Postal 340, Quito, 
Ecuador
 

Carlos Nieto C., Ecuador (see Achira) 
Jose Otocar Reina Barth, Facultad de Ciencias Agropecuarias, Departamento de Ciencias 

Sociales. Universidad Nacional de Colombia (UNPALMIARA), Apartado Aereo 237, Palmira, 
Valle, Colombia (small-scale procdu-tin) 

RaUl Rios E., Bolivia (see Achira) 
Juan Risi Carbone, Colombia (cropping systems) isee Achira) 
Jose Fernando Romero Canizares, F.)cL.'tad de Ingenieria Agronornica. Escuela Superior 

Polt !cnica de Chimborazo (ESPOCHI. Panamericana Fur Km. I, Casilla 4703, Riobamba, 
Ecualor 

Isidoro Sanchez Vega, Los Fresno! 191, Aparado 55, Cadamalca, Peru 
Peter U. Schoriediche, Clenetic Rescurces Department Centro Inrernacional de laPapa 

(CIP), Apartido 5969, lima, Peru 
Juan Solano Lizo. Eciador osee Achira) 
Julio Valladolid Ri.'cra, Pru (sce A ipa) 
Rebeca Vega de Rojas, Cotporacliwn Anibiente y Desarrollo (AMDE).PO Box 632, Ambato, 

Ecuado 
Carlos AJolfo Virmos Naranjo. Froqrama ide Cultivos Andinos Instituto Niacional de 

Investigaciones -qcopecuarias (INIAP). Estacion LExperimental "Santa Catalina," Casilla 
Postal 340, Quito, Ecuador 

Antonio '.W Zanin. Depu:rtamento lioruculIRa- FCA.Oniversidade do Estado do Sao Paulo 
(UNESP), Cark Po tl 237. Bot atti, Sao PulO 18.600, Brazil 

Other Countries 

James Affolter. Botanical Gardetn, University ol California, Berkeley. California 94720, USA 
(texonomy and literature) 

Gregory J. Anderson, USA (ethnobotany and taxonomv) (see Achira) 
Vichitr Benjasil, Thailand (see Achira) 
Lynn A. Bohs, Pringle Herbar;um, Marsh Life Science Building, University oiVermont, 

Burlington Vermont 05,105, USA 
Ricardo bressani, Guatemala (nutrition) (see Achira) 
Leslie Brownrigg, USA (indigenous systems) (see Achira) 
Alan A. Brunt, Plant Pathology Department, AFRC Institute of Horticultural Research, 

Worthing Road, Littlehampton, West Sussex BI117 6LP, UK (disease- and virus-free 
germplasm) 

Norberto Col6n Ferrer, Agricultural Extension Servic< University ol Puerto Rico, Apartado 
10, Barranquitos. Puerto Rico 00618, USA 

Reinaldo Del Valle, Jr., Department of Agronomy and Suil, Agriculture Research Station, 
University of Puc.rio Rico, College of Agiiculre. P0 Box 21360, Rio Piedras, Puerto 
Rico 00928, USA (yield research) 

R. Delhey, Institut fur Nutzpflarizenforschung, Technische Universitat Berlin, Fachbereich 
15-Ostbau, Albrecht-Thaeti-Weg 3, Berlin 33, West Germany (virus screening) 

Michel Fanton, Australia (see Achir,,) 
International Board forPlan, (jenetic Resources (IBPGR), Italy (germplasm information) 

(see Achira) 
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Faye tevilie. Ari,.,rosa, 1701
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C(Ilvinl R. >lwliml. QISA (,(: Allipa] 

MACA 

Andean Region 

t TAj &uboS!my i 1.I iAi.- eloyolo R., Uiver sidad NJ i 0!il Mayor III Son Mdt ':os. Apartddo
I1, ')46(). I III II18, PCru (1)re-CoILIHbial11 )kLAtS. 'jeoatapIV, dlId CIII ate)

Cai Os Arli 'i AveIIliied d Peru (st:t. Achira) 
Au~ju-Itu (11 I, Ajentina (quo-jraply anld llldfce (see*(Aehllfa) 
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Other Coumitrics 

Groymy 1 Anidclll, (ISA jet)iliobotdlll 0/id tcllxonoiy) (see Acihirra)

1i(Aio I C. [Icstivrl. T/ Zadcatecas, Sarn Migiuel de Allen de Cituanajudto 37700, Mexico
 
W. fIdrdy [zshbhalo~ii (SA (Set Aehirsi 
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Christine Franquemont, USA (Quechua plant use) (see Ahipa) 
Daniel W. Gade. USA (see Achira) 
Intcrnational Board for Plant Genetic Resources (IBPIGP). ltaly(germplasm information) 

(see Achira) 
Jesse Jaynes, USA kgene splicing) (see Alliy) 
Timothy A. Johns. Callda (tlhnoboldn. rcinical ecology) see Ariatcacha) 
Ron Kadish, 1980 Htobart Drive, Caanriki, 03010, GSA (agononiy)9,lr: 
Steven R. King, USA (ethnootanvl) (see Ac) ira) 
Jorge Leon, Apartado 480, Sai, P-dro, Monte dr 0(,Li, .Jose. Co,ta Rica 
Dag Oldv Ovstedal, Milde tvrbotrli, lIhe Norwi.<lia Aibort-tium-AR,) IA, I he Uliversity 

ol Bergen. Store Milde N-5067. Noisa', 
lej Pmidll,Motuntaii I anFiiiiig Systemi. ici. hitciitictral ([Jeniltti ta Ii'egnated Mountain 

Development (ICIMOD), GPO Box .226. athindian di, (Iiorintain agiculture,t1_.lal 
genetic resotii r:es) 

Deborah Puarsail, ofAnthiop oljy, (hivi ity Mik-,ani. (Aoliuthbil, Missouri)epatme int it 
6521 I. USA (ethnobotanicni archac.oniy) 

Charles M. Rick, USA (see Aracailna1 
John W. Rick, Departicutt otArc)hcalol,. ,Iinfolld (]niv'r~atv, -tarfoid. (alfilia L,1305. 

USA 
Richard L. Schwuh. 'USA itiviolhtii,) ,-c Aiiuic) 
A.A. Shah, Inttul fur lii I . ,i h. [hiriili,n nadh. e-s I 1I 1. 13nauiL1,( iweigjli, M, w-

D-3300. \Vet (.i.im,jnv 
(,Gvin R'Spilimi . ( ';A I:-,, rlnil~ ) 
lirerinirm i .t,.ninrr. h1istitu lim ,hi, lri l he uiri -- 12,iui . oigis nt-,nistlt Mt i- We( I 

tBrduiiY1iI (bID-3"0() \Vi,t' (i lir+nu'n 

MASHUA 

Andean Region 

Selundo Alardia, noICistitutO Boliviano de recnologia AgropecuariaIIBTF,. Calle Colombia, 
C11-,illi 263, C(t IhaaMbia. Bolivia (Ipathology) 

Osmar Alve-, (.,aiiji, B3rail (sve Arracacha) 
nidlosAibiZU Avellaned, Peru (,e A: hiti) 

O(in nlio (inilio-,. Insiliute Andean hwrmvi"i d N , oaal icof Crops. H Sin Antonio 
Abad di (l-L,, ii (IH);SAAC(I,) Ainiadc 92 1. Cis o 206. Peru 

Hleui 
, t3ruuIher,, Ar.critirh ( i-hl) pIhnits) (nvc,Ahipa) 

Anibal del Carlpioirfani lioqgrini Regional dc Cultivo Aiiis. lstaiiun 1AxIciitC0elal 
Airoeciaia i Andciis. In,tituiuo ute Araria y A;ioindusiridlNin(inollnl iv.stipanicni 
INIAA). Avenida hiitiic.iutec No 609. Casili 807. Cmiii. lnii 

Cesadr delCar pin Merino, Peru (see Achira ) 
Rolarido l(IluSOiiLa. PeruI (s-c Arnaca(a) 
Roiando i:.strwda J..Peru)(soruocloaral arid virUS-i[e Is(.ter.ii)tlllisif) Arrdcacha) 
Fondo Haciondl de Invustigaciunes Agropecainas (I-FNAIAP1. VenIezuela (see Achira) 
Santiago I). F anco Pebe. Peru (.qeniplam)(sineAtr acacha) 
Michael lierrironi. Peru (see Achirni) 
Zosino I luarian Cuiev, Peru (see Achir) 
Instituto Inlerameticano de Cooperou piiara Ia Ar ichitiura IIICA). Cousenrvicibn y Manrejo 

de Reciursos Na turak-s Runovabls, O)icina del IICA i BolAvia, Casilla 6057. La Paz. 
Bolivia 

Instiltao M1ional de Iivesitac iones AgrolecuadOS (IMAP). L-eurdor (!;ee Achira) 

Cipriano Matrtari Camuargo, Peru (botanical seed) (set-, Maca) 
Ulrich Mohr. Andea n Crops for Iunr)an Nutrition. Convenio Per u-Alernania para Cultivs 

Andinos-GiZ (CORIE), Avenida Sol 817, Casilla -ostal 807. Cusco, Peru 
David Morales V., Gernuplasm Section. Instituto Boliviano de Tecnologia Agropecuaria 

(IBTA), Cajon Postal 5783, La Paz., Bolivia 
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Eloy Munive Juregui. Peru (see Maca)

Laura Muhoz Espin, Ecuador (in vitro germplasm conservation) (see Arracacha)

Carlos Nieto C., Ecuador (see Achira)

Eduardo Pertlta I., Programa de Cultivoz Andinos, Instituto Nacional de Investigaciones

Agropecuarias (IN[RP), Estacian Experimental "Santa Catalina," Casilla Postal 340, Quito. 
Ecuador
 

Ra6l Rios E., Bolivia (see Achira)
 
Juan Risi Carbone, Colombia (cropping systems) (see Achira)

Carlos Roersch, Centro de Medicina Ardina, Jir6n Ricardo Palma No. 5, Santa M6nica,


Apartado 711, Cusco, Peru 
Jose Fernando Romero Canizares, Ecuador (see Arr3ca,:ha)
Basilio Salas, Department of Plant Pathology,' North Dakota State University, Fargo, North

Dakota 58105, LISA (Universidad National del Altiplano, Puno. after 1990)
Luis Salazar, Centro lnternaco.al de la Papa (CIP), Apartado 5969, Lima, Peru (virology)

Isidoro Sanchez Vega, Peru (see Arracacha)

Raul Santana Paucar, MINIKA-Grupo "Ta!ouy,' Grupo de Investigacion y Extension de


Tecnologia Popular, Avenida Centenario 589 San Carlos, Apartado No. 222, Huancayo,
Peru 

Juan Seminario Cunya, Universidad Nacional Tecnica de Cajatarcd, Apanado 16. Cajamarca,
Peru 

Juan Solano Lazo, Ecuador (see i-chira)
Lauro Toribio Baltazar, Peru (see Maca) 
Julio Valladolid Rivera, Peru (see Ahipa)
Julio Vale, Corporacion Arnbiente y Desarrollo (AMDE), PO Box 632, Ambato, Ecuador 

(soil science) 
Carlos Adolfo Virnos Naranjo, Ecuador (see Arracacha)
Jeffrey White, Progranma de Frijoles. Centro Internacional de Agricultura Tropical (CLAT),

Apaio~do Aet-uo 6713, Cali, Colombia 

Other Countries 

Gregory J. Anderson, USA (ethriobotany and taxonomy) (see Achira)

Leslie Brownrigg, USA (indigenous systems) (see Achira)

Alan A. Brunt, UK (disease- and virus-free gerrmplasm) (see Arracacha)

R. Delhey, West Germany (virus Screening) (see Arracacha)

Deutsche Gesellschalt fur Technische Zusanimenarbeit (GTZ), I bei Frankfurt'Main, Dag

Hammarskjold-weg I, Postfach 5180, lIschborn [-6236. West Germany

Dick and Annemarie Endt, New Zealand (see Achira)
 
W. Hardy Eshbaujh, USA (see Achira)
Christine Franquemont, USA (QUechua )larli use) (see Ahipa)
B.W. Grout, UK (see Achira)
 
Ron Hurov, P0 Box 1596, Chula Vista. California 92012, USA
International Board for Plant Genetic Resources (IBPGR), italy (germplasm information) 

(see Achira) 
Jesse Jaynes, USA (gene splicing) (see Ahipa)
Timothy A. Johns, Canada (ethtnobotany, chemical ecology) (see Arracacha)
Paula jokela, Department of Biology, University of Turku, Turku SF-20500, Finland 

(physiology, virus-free culture)
Steven R. King. USA (ethnobotany) (see AchiraL 
Jess R.Martineau, NPI, University Research Park, ,117 Wakara Way, PO Box 8049, Salt Lake 

City, Utah 84108, USA (iotechnology)
John Palmer, New Zealand (see Ahipa)
Michael N. Pearson, Department of Botany. University ol Auckland, Private Bag, Auckland,

New Zealand (viuS-free germplasm)
Leene Pietila, Department of Biology, University of Turku. Turku SF-20500, Finland 

(physiioogy. virus-tree culture)
F.M. Quin, Koninklijk Instituut voo de Tropen (KIT) (Royal Tropical Institute), Mauitskade 

63, Amstv (dam 1092-AD. Netherlands 

http:lnternaco.al
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Charles M. Rick, USA (see Arracacha)
 
Warren G. Roberts, The University Arboretum, University of California, Davis. California
 

95616, LSA 
Aine Rousi, Finland (physiology, virus-free culture) (see Achira) 
Robin Saunders, USA (processing starches) (see Achira) 
L. 	 Schrlde-Rentschler, Arbeitsgruppe Prof. Dr. H. Ninnemann, Medizinisch-

Naturwissenschahiiches Forschungszentrun, der Universitat, Ob dem Himmelreich 7, 
Tubingen D-7400. West Gernany 

Richard E. Schlites, GSA (ethriobotany) (see Achira)
 
Seung Jin Kim, South Korea (germplasrni (see Achira)
 
A.A. Shah, Wes( Germany (see Maca)
 
CaMn R.Sperling. USA (see Ahipa)
 
Hermarn Stegemann, 'Nest Germany (see Maca)
 
W.R. 	Sykes, Division of Botany, Department of Scientific and Industrial Research (DSIR), 

Private Bag, Christchurch, New Zealand 

MAUKA 

Andean Region 

Ra6l 0. Castillo T., Ecuador (tissue culture. virus-free germpiasm) (see Ahipa) 
J. Chicaisa, Cochasqui, Tabacundo, Ecuador 
Lcopoldo 	Chontasi, Centro de Arte y Acci6n Popular (CAAP). Cliahirarpungo, Pichincha, 

Ecuador (grower) 
R. Chorlango, Cubinche, Tabac.undo. Ecuador 
Lola F.de Montenegro, Iristitut~o de Elstudios de Bornatologia y Nutricdn Andina, Universidad 

San Martin de Porres, Caile l3olivai 3-18, Mirafiores. Lima. Peru (nutritional ar'alysis) 
Cesar del Carpio Merino, Peru (see Achl:a! 
Rolando Estrada J.. Peru (sornoclorial and virts-iree germplasm) (see Arracacha) 
Santiago D. Franco Pebe, Peru (gein-iplasm) (see Arracacha) 
Michael Hermann, Peru (see A(hir) 
Instituto Interamericano de Cooptrdcion parn Iaa\qricultura (IiCA), Bolivia (see Mashua) 
Carlos Nieto C., Ecuador (,ee Achiia) 
Julio Rea, Casilla 21956, La Paz, Bolivia 
Juan Rodriguez Cueva, Estac.6 Expcrrienta! Bados del Inca, Prograrna Nacional de 

Cultivos Andinos (PNCA), INIAA, Julio Guerrero # 12 1,Urb. Cajamarca. Cajamarca, Peru 
Isid,-ro Sgnchez Vega, Peru (see Arracacha) 
,Juan Seminano Cunya. Peru (see Mashua, 
Maric, E. Tapia Nurnez, Progr,.na Nacional de Cultivos Andinos, Instituto Nacional de 

Investigacidn y Promocion Agropecuada (PISA - IIPA), Apartado 110697, Lima 11. 
Peru 

Carlos .%dolfo Vi,-nos Naranjo, Ecuador (see Arracacha) 

Other Countrias 

W. Hardy Eshbaugh, USA (see Achira) 
Jose T. Esquinas-Alcazar, Seed Service (AGPS), Plant Production and Protection Service, 

Food and Agriculture Organizat'on of the United Nations (FAG), Via delle ,>Irme di 
Caracalla, Rome 00100, Italy 

Jesse Jaynes, USA (gene splicing) (sr e Ahipa)
 
Steven R. King, USA (ethnobotany) tse- Achira)
 
Jorge Leon, Costa Pica (see Maca)
 
Lyman Smith, c/o Department of Botany, National Museum of Natural History, Smithsonian
 

Institution, Washington, DC 20560, USA (taxonomy) 

http:Progr,.na
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OCA 

Andean Region 
Jaime Alba Aldunate, Asociaci6n Integral de Organizaciones Agropecuarias, Casi la No. 

7759, La Paz, Bolivia 
Carlos A. Alvarez, Deparlaniento de Biologia, Universidad Nacional Agraria (UNA), Apartado

456, La Molina, Lima Of', Peru 
Santiago Erik Antl'hez de Mayolo R.. Peru (pre-Columbian plants, geography, and climate)

(see Maca) 
Carlos Arbizu Avellaneda, Peru (see Achira)

Fernando N. BarrantUs Del Aguila, Pvru (getrrplasrn, pathology) (se- Achira)

Oscar Blanco Galdos, Peru (se,?Mashua)

Augusto Cardich, Argentira (geography and climato) ('Ne Achira)

Raul 0. Castillo T., Ecuador (tissue culture, virus-ree germnplasm) (see Ahipa)

Andres Contreras M.. Instituto de Produccion Ve(getal, Uiniversidad Austral de Chile, Casilla
 

567. Valdivia, Chile (germplasm)
t1ernan Cortes Bravo. Deprrnanento Academicoide Agicultura, Universidad Nacional de

Sari Antonio Abad del CuSko. (UISAAC), Apai tado 921, Cusco, PeruDaniel de Azkije, Centro Nacional de Investigacio;es 'ientificas V Tecnicas, Centro deEstudos Farmacologicos y de Principios Naturales (CEFl,PWIN), Serrano 6G5, Buenos 
Aires 1414, Buenos Aires, Argenana (cytology)

Mery d- Quit6n, Instituto Boliv;ano de Tecrnologia Agropecuaria (1I1TA), Calle Colombia,
Casilla 2631. Cochabamba, Bolivia (pathology)

Anibal del Carpio Forri. Peru (see Mash,
 
Cesar del Carpio Merino. Peru (see Achira,

Rolando Estrada J., Peru (son-oclonal and virus. fiet germplasni) (see Arracacha)
L .onard Field, Centro Andino de Accion Popular (CAAP), Apartado 173-B, Quito, Ecuador

Fn, ,Jo Nacional de Investigaciones Agropecuarias (FONAIAP), Vercuela (see Achira)

Sinrtdago D. Francc Pebe, Peru (germplasm) (see Arracacha)

Humberto Gardarillas, Flores Montes. 
 ' >silla 053, Cochabamba, Bolivia
Ale),ander Grcbman. Gente.c - Grobrn -inotcnica S.A., Olicina 702, Avenida Republica

de Panama 3563, San Isidro, Lima, Peru (germplasm collection)

Michael Hermann, Peru (see Achita)

Instituto Interamericano de Cooperacion para la Agriculura (IICA), Bolivia (see Mashua)

Instituto Nacional de Invcstiga':iones Agropecuarias (HIAP), Ecuador (see Achira)
Luis A. Jimenez Menroy, Universidad Nacional Tecnica del Altiplano, Ciudad Universitaria, 

Casilla 29 1, P(rno, P-ru 
Sady Majino Bt'nardo, Peru (see Arracacha,
Cipriano Mantai Cariargo, Peru (botanical seed) (see M:icu)
Arturo Jose Martinez, Centro Naciornal de Investigaciones Cientilicas y Tecnicas, Centro de

Estudios Farmarolclcicos y de Principios Naturales (CEFAPRIN), Serrano 665, Buenos 
Aires IAI 14, Buenos Aires, Argentina (cyrctogy) 

Ulrich Mohr. Peru (see Mashua)
David Morales V., Bolivia (sCe MJshUa) 
Eloy Munive J-uregui, Peru (see Maca)
Laura Muncz Espin, Ecuador (in vitro germplasm conservation) (see Arracacha)
Carlos Nieto C., Ecuador (see Achira) 
Eduardo Peralta I., Ecuador (see Mashua)
Julio Rea, Bolivia (indigenrous food plants) (see Mauli) 
Francisco Rhor D.vila, Ecuador (see Maca)
Raul Rios E., Bolivia (see Achira) 
Juan Risi Carbonc, Colombia (cropping systems) (see Achira)
Carlos Roersch. Peru (see Mashua)
Emilio Rojas Mendoza, Peru (see Maca)
Jose Fernando Romero Cafrizares, Ecuador (see Arracacha)
Basilio Salas, USA (see Mashua) 
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Francisco Salas, Departamento de Tecnolooia y Productos Agropecuarios (TAPA). Universida(
Nacional Agraria (UNA), Apartado 456, La Mohina, Lima 100, Peru
 

Luis Salazar, Peru (virology) (see Mashua)

Peter E. Schmiediche, Peru (see Aracacha)
 
Juan Seminario Cunya. Peru (see Mashua)
 
Juan Solano Lazo, Ecuador (see Achira}
 
Lauro Toribio Baltazar, Peru (see Maca)
 
Julio Valladolid Rivera, Peru (see Ahipa)
 
Julio Valle, Ecuador (soil science) (see Mashua)

Rebeca Vega de Rojas, Ecuador (see Arracacha)
 
Carlos Adolfo Vinros Naranjo. Ecuador (3ce Arracacha)
 
Jeffrey White. Colombia (see Mashua) 

Other Countries 

Gregorv J. Ander,on. LISA (thnobotany and taxonomy) (see Achira)

Helio H.C. Bastien. Mexico (see Maca)
 
Vichitr Benjasil. Thailand (see Achira)
 
Ricardo Bressani, Guatemala (nutition) (see Achirat
 
William M. Brown, Department of Plant Pathology and Weed Science, Colorado State 

University, Fort Collins, Colorado 80523, USA 
Alan A. Brunt. CK (diseeas- and virus-free qermplasm) (see Arracacha)
G. Burge, Levin Hlorticultural Ie:.,eareh Centre. Ministry of Agriculture and Fisheries (MAF),

Private Bag. Levin. New Zealand 
Sam Campbell, Botanical Carden. (Iniversity of California. Berkeley, California 94720, USA 

(germplasm) 
R. Delhey, West Gemany (.irL, screening) (sev Arracacha)

Deutsche Gesellschaft fur Technisi:he 2'usamneriat bit (G [Zr, West Germany (see Mashua)

tick and Annemarie Endt, New Zeaiand (see Achira
 
W. Hardy Eshbaugh, USA (see Achira)
 
Michel Fanton. Australia (set Achira)

Stanley Gershoff, School of Nutrition, Tults University, Medford, Massachusetts 02155, USA
 
B.W.W. Grout, UK (see Achira) 
Peter Haiford, Almadale Road, RD 7. Feilding, New Zealand 
Einar Hellborn, Saningsvagen 86, Ja, Kil S-17545, Sweden (greenhouse grower o tropical 

tubers)
Efraim Hernandez X., Centro o,! Botanico, Instituci0ri Ensenanza e Investigacidn en Ciencias 

Agricolas, Colegio de Postgraduados, Montecillos, Chapingo, Estado de Mexico 56230, 
Mexico 

Robert W. Hoopes, Frito-Lay, Incorporated, 4295 Tenderfoot Road, Rhinelander, Wisconsin 
54501, USA (genetics, breeding. and pathology)


International Board for Plant 
 Genetic Resources (IBPGR), Italy (germplasm information} 
(see Achira) 

Jesse Jaynas, USA (gene splicing) (see Ahipa)
Timothy A Johns, Canada (ethnobotany, chemical ecology) (see Arracacha) 
Paula Jokela, Finland (physiology, virus-free culture) (see Mashua) 
Wayne Jones, NPI, University Research Park, 4 17 \Vakara Way, PO Box 8049, Salt Lake 

City, Ulah 84108. USA (virus screening) 
Ron Kadish, USA (agronomy) (see Maca) 
Steven R. King, USA (ethnobotany) (see Achiral 
Alicia Lourteig, Laboraioire de Phanerogarnie, MUstiurn National d'Histo're Naturelle, 16, 

rue Buffon, Paris 75005, France (taxonony) 
Jess R. Martineau, USA (biote-zhnology) (see Mashua) 
Cesar Morales, Mundo Latino, 83 Broadway, Passaic, New Jersey 07055, USA (importation 

to U.S.) 
W.A. Nekkel, 122 Maple Lane, Covington, Virginia 24426, USA 
Avigdoi Orr, USA (see Ahipa) 
W.A. Osborne, Mariuwatu Fresh Produce, RD 10, Palmerston, New Zealand 
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Dag Olav Ovstedal, Norway (see Maca)
 
,,hn Palmer, New Zealand (see Ahipa)
 

Tej Partap, Nepal (mountain agriculture, genetic resources) (see Maca) 
Michael N. Pearson, New Zealand (virus-tree germyplasm) (see Mashua) 
Charles Peters, Institute of Economic Botany. New York Botanical Garden, Bronx, New York 

10458-9980, USA
 
Leene Pietila. Finland (physiology, virus free culture) (see Mashua)
 
Hugh Popenoe, USA (see Ariacacha)
 
F.M. Quin, Netherlands (see Mashua) 
Charles M. Rick, USA (:;ee Arracacha)
 
John W. Rick. US/, isee Macat
 
John M.Riley, SolawacL'ac [euv,ltthr.3370 Prirceton Ccurt, Santa Clara, California 95051,
 

USA (general information tg.eroplasm )
 
Arne Rousi, Finland (physiolorjy, %iru--free culture) (see Achira)
 
L. Schilde-Rentschler, West Germany (see Plashua)
 
CA. Schroeder, USA (see Ahipa)
 
Richard E. Schultes, USA (ethnobotany) (see Achira)
 
Seung J,n Kim, South Korea tgerinplasrn) (see Achira)
 
A.A. Shah, West Gernany (see Maca)
 
Calvin R. Sperling. USA (see Ahipaj
 
Hermann Stegemann, West Gem'any (see Maca)
 
\V.R. SyKes, New Zcaland (see Mashua)
 
Richard Valley, 33,At SE Kelly, Portland, Oregor 97202, USA (grower) 
Guillermo Veliz, Peinco Natural Foods. 15216 Hartsook Street, Sherman Oaks, California 

91403, USA (importation to U.S.) 
Alejo von der Pahlen, Plarw Production and Protection Division, Food and Agricultule 

Organization of the United Nations (FAO), Via delle Ferlne di Caracalla, Rome 00100, 
Italy 

Benjamin H.Waite. Plant Pathology, OfAc:e olAgriculture, Bureau for Science and "echnology, 
Agency forInternational Development (USAID), Washington, DC 20523. ISA 

R B. Wynn-Wiliiams, New Crops Section, Division ofCrop Research, Department of Scientific 
and Industrial Research (DSIR). [ovate Bag. Christchurch, New Zealand 

POTATOES 

Andean Region 

Segundo Alandia, Bolivia (pathology) (see Mashua) 
Guillerma Anibal Albornoz Pazniho, Facuhad de Ciencias Agricolas, Universidad Central 

del Ecuador, Obispo Miguet Solier No 152, Quito, Ecuador (germplasm) 
Carlos A. Alvarez. Peru (see Oca) 
Santiago Erik An6iez de Mayolo R., Peru (pre-Columbian plants, geography, and climate) 

(see Maca) 
Juan Astorga N., Departamento de Agricultura, Universidad Nacional F(cnica del Altiplano, 

Ciudad Universitaria, Casilla 291, Puno, Peru (hitter potatoes)
Israel Aviles Perez, Accion Rural Agricola de Desarrollo Organizado (ARADO), Avenida 

Barrieutos 2347, Casila 1710, Cochabamba. Bolivie. 
Antcni-, Bacigalupo, Food and Agriculture Organization of the United Nations (FAO), 

Avenida Santa Maria 6700, Casilla 10095, Santiagro Chile 
Heinz Brucher, Argentina (see Ahipa) 
Augusto Cardich, Argentina (geography and climate) (see Achir a) 
Cent,, ,,ternacional de haPapa (CIP), Apartado 5969. Iir-,r, Peru 
Andres Contreras, M.. Chile (germplasrm) (see Oca) 
Rolando Eg'sqiiza, Peru (see Arracacha) 
Nelson Estrada Ramos, Irstituto Colombiano Agropecuario (CA) - Tibaitata, Apartado A6reo 

151 123, El Dorado, Bogota. Colombia 
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Wilma Fieire, Nutrition Unit, Center for Planning and Social Research (CEPLAES), Casilla 
6127-CCI Quito, Ecuador (nutrition) 

iumberto Gandarillas. Bolivia (see Oca)
 
Z6simo Huarnn Cueva, Peru (see Achira)

Instituto Interamericano de Cooperaci6n para ia Agricultura (IICA), Bolivia (see Mashua)

Instituto Nacional de investi.aciones Agropecuarias (INIAP), Ecuador (see Achira)

Ingo Junge Rodewald, Clasificador 26, Concepci6n, Chile (processing, nutrition)
 
Latinreco S.A.. Ecuador (see Arracacha)
 
Lois E. L6pez Jaramill6, Consejo lnternacionai de Recursos Fitogen6ticos (CIRF-IBPGR).
 

c/o Centro Internacional de Agricultura Tropical (CIAT), Apartado Aeieo 6713, Cali, 
Colomibia (Solanaceae) 

Cipriano Mantari Camargo, Peru (botanical seed) (see Maca)
Humberto Mendoza, Centro Internacional de la Papa (CIP), ApartaIo 5969, Lima, Peru 
David Mcrales V., Bolivia (see Mashua) 
Carlos M. Ochoa, Department ol Taxonorny, Centro Internacional de ]a Papa (CIP), Apartado 

5969, Lima. Peru 
fKatsuo A. Okada, Instituto dce Ger,,tica, Instituto Nacional de Tecnologia Agropecualia

(INTA), Centro de Ivestigaciones de Recur,;os Naturalcs, Castelar 1712, Buenos Aires, 
Argentina (wild species of tuber-bearing solana)

Ramiro Ortega Duenas, Proanama de Papa, Centro de Investigacion en Cultivos Andinos, 
Universidad Nacional de San Antonio Abad del Cusco (UNSAAC), Apartado 1006, K'ayra, 
Cusco, Peru (bitter potatoes)

Victor Otazu Monzon, Centro Internoional dle la Papa (CIP). Apaitado 5969. Lima, Peru 
(pathology) 

Rau! Rios E., Bolivia (see Achira) 
Carlos Roerscn, Peru (see Mashua) 
Luis Salazar, Peru (virology) (see Mashua) 
Raul Santana Paucar, Peru (see Mashua) 
Peter E. Schmiediche, Peru (tuberous solana) (see Arracacha) 
Maria Scurrah, Breeding and GeneticE Department, Centro Internacional de la Papa (CIP). 

Apartado 5969, Lima, Peru (bitter potatoes, nematodes) 
Juan Sol,no 'azo, Ecuador (see Achira) 
Lauro Toribio Ba!tazai. Peru .' e :'raca) 
Cesar C. Vargas Calderon, Facu!tud de Botanica, Universidad del Cusco, Cusco, Peru 
Jeffrey White, Colombia isee Maihua) 

Other Countries 

Gregory J. Anderson, USA (ethnobotany and taxonomy) (see Achira) 
Vichitr Benjasil, Thailand (see Achira) 
Meridith Bonierbale, Department of Plant Breeding and Biometry, Cornell University, Ithaca, 

New Yoik 14853, USA (genetic mapping) 
William M. Brown, USA (see Oca)
Stephen Brush, Department of Applied Behavioral Sciences. University of California, Davis, 

California 95616, USA (farming systems)
Manfred Dambroth, Bundesforschungsanstalt ftit Landwirtschaft, Institut for Pflanzenbau 

und Pflanzenzuchtung, Federal Research Centre of Agriculture (FAL), Bundesallee 50, 
Braunschweig D-3300, West Germany 

W.G. 	D'Arcy, Missouri 3otanical Garden, PO Box 299, St. Louis, Missouri 63166-0299. 
USA 

L.M.W. 	Dellaert, Stichting voor Plantenveredeling (SVP), PO Box 117, Wageningen NL
6700--C, Netherlands 

Luis Destefano, Department of Biochemistry, Louisiana State University, Baton Rouge,
Louisiana 70803-1,164, USA (gene splicing, nutritional genes)

Craig Dremann, Redwood City Seed Company, PO Box 361, Redwood City, California 
94064, USA 

Dici, and Anneivarie Endt, New Zealand (see Achira) 
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haft fijr 

Main, L g-Hanirarskjold-weg 1,Postfach 5180, Lschhorn )-6236.West (Gt-cinany
 

William Charles Evans (bepartment of Pharri'cy. Universitv of Notti jihrn). BuddlehaYes,
 
Soothleigh.Colytn. Devon 1-XI3 6.JtI. 


Jan Engel- Deutsche Gesells Technische Zusammenarbeit (G IZ). I bei Frprldurt/ 

(K
 
Michel Fianion Ausnairh (sec Achira)
 
Jorge A. Galindo. Cent. o detIitoptoloi:. C(olqipo ',hPist;irdud s, Institucioi L-inselairza
 

e Irvestigaci eiin ( i A0jri( , Est ido dt- Mexito,Cier sc olas. C<ixr Post ii 5620., t,rih('illo 

Mexico
 

Zd:chr.:,1Sro, ( (ibil., R.-ewjic, h Instituto of Niqi- , IPO ol:127,47, G.PO.
esilj Foit-ir' 

Ibadutn. lbdan.OVo. Niqcr i,I(Phr olt.,)
 

i P. (!erldinr.iirq CiO1, Ht.s,,1r1 fh lStitlLit Pt rttflcrii'Id.
t. nfish (SCH). f :i'di. Midlothiari 
[Af25 9PF.(UK 

ol-el,- Goidiac h, I ,.,,tiyof lt,I dPlant "utriio oe (I ivt'vrtt Mit l ih,.W,,lhn-tephtn. 
It'si"'l D[ 3i5(). /estCsr lri', (,' _.d mtr , dvi d .iili )t itlrti 

1Paul(innill, lcj ltment o! l i, io ,c208 M,'1('r 1 i ;i .tOiy l''illtdi St1Il. Llikeisily.
 
(Otiverslity Paik, Per r,snlwvaii 1O02.(1S,A oyiotty)
 

f, be! L. liannemar r.Inttcrre l hIti, 'io Stot ri ity of Wisconsin,
liori 'lotwt ,i (hirisC.h', 

Rout. 2.Stt (itorl I3ai. '.P
viS(otillht I)i(USA 

of (iteooicil S(ji,J.G. Hawke'. (o i..,partrritt (lowi.it it; of IfirrtinqIami. PO Box 
36.3. LdJtcj ori,i,irmirl(jnicm H]Ii f. ItK
 

Frank faynt-s. ID,-) intt of Iforticilrutir. rNorth iCiroh,i Sthc (ivrsivty, Rirle', North
 
( aolina 2 /w'P( USA
 

Kalfltorl Hay[ it -; ulIlIn,i sii (.\ -). I)t 1 rptitm of
q\ric r hlS tvi.t, (IS rtt Aqticulure
 
(ISD)A), LRiId(l ()I I,G)t 13, Bt I (',nhittq
(!(iltevii-Aqliirll",I ItP.nA IARC-West), 
Pelt,ville rid 210705., USA 

J.H.Th fiento 5el:. Ii stittih, oi Aqi iullial 11ml rttudil ,Aqwiliiiil (imiveisity, IL.awiikse 
Alice 166, Wc tcintt'n Nl.-f07i1 i%,. ithlcrlaritf ((lltwliti(s) 

Rod floek!trau. (letl irr-l h i otototi Coll-,'in., Inilti lu:I 'urnz,:hiotind IflanZerliJtcrttlrnj. 
[-edral Rue drc'h(Cnlt of '\(iil licititi (lAi.). ircitit lliii Y), raiiis(hii;j ![-31300, 
West (GJooiroriv 

Robert %V. toopes, USA (ltprtsi,, lt''din 1 . lmri fit, oloqJ\V) 
(see ticat 

Torn HUfhts., N <iiortml ltirtl, :itsirl, 701 North orrncnmi Ave.tre, -.Was ington, DC 
200(3 ISA (irioni('rnl 

]nterrratio,'u Bcard for PIull i.rtic I'VSOLtt OIF(Ph f),Italy (g-rwriplasin iriformation) 
(set, A(hmil 

Jesse Javnli. L.J'\ (lIrn, spll(int) sv Ahil) 
lhiriotihV A. Joht. (Cii i'it (thliolhnIrry, i(Auricfoloov) (see Arracacfra) 
Wavlnre Joneis USA (virUs ,' rnefiir' (t' (ODj) 
Aian M. Kadli, ( I1A (,eiA( fUri 
Steven F-.iKing, ISA (vtlfhi't it ,t, A( iira 
Janet S. Luis. iNorthein Philipptine it Irainirntj Center, Bengoet StateoClop., cse(,ar'h and 

University, I. irinidad. Benqiit, ('tlifilpiit.i, 
Cyrus McKell, NPI, (luinetmity ke+scrr.fu PPuci ,117 Vraira Way, P0 Box 8049. Salt Lake 

City, Utah 84 (1i.(ISA 
Cesar Morales, USA (liii ertation to U.S.) (st-c( a) 
Steve Neal, Roote I,Norwoot. MisSouri 657 17, USA 
John S Niederf auser. 2.174 (aiiiino \-le V_ tI. lii sorn Arizona 85715,UISA 
Dag Olav Ovstedal, Norwd Isti Mati ) 
Tej Partap., Nelal inouriin il jorulicir . qtirrit tiut-olrces) (see Maca) 
Dov Pasternak, Blyko lnstititu. LiustIDivid Bn(.igi11 r

0 Ct IrlUS,.en-Gu oion University of 
'lie N,-ev. PO Bo'% 1025, Bci-!ltcvdi 84,1110. Isral I '),hlaiiii p/riltclcr gerrplasrir) 

Stan Peloquin, l)epinrtnr' of 1lorriculrurt,, Irliv irsily of Wironin, Madisorn, Wisconsin 
53706, USA 

Robeot Plaisted. Deilment of IlIat w,.t,,litt 'rId IHioretr. Co iell Univer.,ity, Ithacra. New 
York 14853, USA 

J urgen Rt.ckir. 3:xpct iienrth ii'utn Firowf irt, Altenhoir Wey I,Wet bellinDIR- 1303,East 
Germany 

John M. Riley, IJSA (ytrieral irrorration, gernplasrr) (see Ocir) 
H. Ross, Dorit faffenweg 33,Koln 30, D-5000, West Germany 
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David J. Sammons, Department of Agronomy, University of Maryland. College Park. Maryland 
20742, USA 

Robin Saunders, USA (processing starches) (see Achira) 
Ewa Sawicka. Potato Research Institute. Mlochdw. Poand (potato genetics) 
Shao Qiquan, Genetic Transformation .aboratory and Genetic Resources of Plants, Academia 

Sinica Institute of Genetics, Building 917, De-shcng-Men-Wai, Bei-sha-Tan, Beijing 
100012, China 

N.W. 	 Simhnonds, School o Agoculture, University of Edinburgh, West Mains Road, 
Edinburgh, Midlothian, EH1 .3JG, OK 

Nigel 	Smith, Department of Geography, University of Florida, Gainesville. Florida 32611, 
USA 

1-1David I ui Ston, )e_,partment of Plant Pathology, ConMell Jniversity. Ithaca, New York 
14853, ,JSA 

Donald Ugent, USA (set Achita) 
Louis J.M. van Soest. New Potential Crop Project, Centrum voor Genetische Birorncri, 

Dmevendaalsesteeg I. Pn,,tbus 224, Wargeningen 670( AE, Netherland-
Alejo von cer Pahln. Italy (sec Oca) 
Merle Weaver. Agrik ulturtil Research Service (ARS), U.S. [)eaInt ent of Atriculture ((.ISDA). 

Westen Regional Res'arch Center. 800 B3tcharlan t Albany, Caiifoinla 94710. 
USA 

Rayn )on WtHh. Agricultural I-k-sea rcIi Sr ice (ARS). U.S. D-eI)artinet .ot Agi Cultur, fISDA', 
Building 0! 1, GIl 13, [kwltsvil:. Agricultural Research Center IPARC-West), l3eltsvilie, 
Maryland 2005. (JSA 

Karl Zimrnerer. Department of Geograiphy. (hniversLty of Ncrth Caroiina. Chapel Hill, North 
Carolhna 27514, (ISA 

(JLL(ICO 

Andean legion 

Carlos A. Alvarez, Peru (see Oca) 
Santiago Erik Anttrez de Mayolo R., Peru (pre-Columbian plants, geography, and climate) 

(see Maca) 
Carlos Aibizli Avellanedi, Peru (see Achira) 
Femando N. Barrantes De! Aguila, Peru (germplasm, pathology) (see Achira) 
Augusto Cardich. Argentina (geography and climate) (see Achira) 
Raul 0. Castillo T., Ecuador (tissue culture, vile .- frec get mplasm) (see Ahipa) 
Anibal del Carpio Farlan, Peu isee M(asihua) 
Cesar del Carpio Merirno, Peru (cc A(hia)l 
Rolando Egusquiza, Peru (se Aracaehat 
Edgar Ivan Estrada, Faculterd de Ciencias Agropecuarias. Departamento de Agricultura, 

Universidad tacional de Colombia (llI'IPALMiRA), Apartado A-reo 237, Palrnira, Valle, 
Colombia 

Rolando Estrada J., Peru (soMocIlnal ard virus-tree qeimplasm) (see Arlacarla) 
Leonard Field, Ecuador (se Oca) 
For,do Nacional de Investigaciones Agropoci--riis rF-ONAIAP) Venezuela (see Achira) 
Santiago D. Franco Pebe, Peru (gerrnplasm) (see Arracacira) 
Huijoberto Gandanillas, Bolivia (see Oca) 
Juan Gaviria R., Giupo Botanica, Facultad de Ciencias, Departamento de Biologia, 

Universidad de Los Andes. La Hechicera, Merida 5101, LtStadu Mulida, Venezuela 
Michael Hermann, Peru (see Achira 
Instiluto Int.ramericano de Cooperacion para la Agricultura IlICA), Bolsia (see 'Aashua) 
i5.tjtuto Nacional de lnvestigaciones Agropecuarias (INIAP), Ecuador (see Achira) 
Luis A Jimenez Monroy, Peru (see Oca) 
Sady Majino Bernardo, Peru (see Arraracha) 
Cipriano Mantari Camargo, Per,, (botanical seed) (see Mc, 
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(lrich Mohr, Peru (see Mashua)
 
David Morales V., Bolivia (see Mashua)
 
Eloy Munive Juregui, Peru (see Maca)

Laura Muiroz Espin, Ecuador (in vitro germpfasm conservation) (see Arracacha)
 
Carlos Nieto C., Ecuador (see Achira)

Eduardo Peralta I., Ecuador (see Mashua)
 
Francisco Rhon Davila. Ecuador (see Maca)
 
Raul Rios E., Bolivia (see Achira)

Juan Risi Carbone, Colombia (cropping systerns) (see Achira)

Carlos Roeisch, Peru (see Mashua)
 
Emilio Rojas Mendoza, Peru (see Maca)

Jose Fernando Romero Cahizares, Ecuador (see Arracacha)

Basilio Salas, USA (:,ee Mashua)
 
Francisco Salas, Peru (see Oca)
 
Luis S.,lazar, Peru (virology) (see Mashua)
 
Isidoro anchez Vega, Peru (see Arracacha)
 
RaU! Santana Paucai, Peru (see Mashua)

Peter E. Schmiediche, Peru (see Arracacha)
 
Juan Seminario Cuna. Peru (see Mashua)

Juan Solano Lazo, Ecuador (see Achiro)

Lauro Toriio B.iltazar. Peru (see Macat
 
Julio Valladoiid Rivera, Peru (see Ahipa)
 
Julio Valle Ecuador (soil science) (see Mashua)

Carlos Adolfo Virnos Naranjo, Ecuador (see Arracacha)
 

Other Countries 

Gregory J. Anderson. USA (,lthnobotany and taxonomy) (see Achira)
Ricardo .Jressani, Guoernala O'nutrition) (see Achira)

William M. Brown, USA (see fica)

Alan A. Brunt, ()I,, (disease- end virus-iree germplasnm) (see Arracacha)

R Delhey, West Germany (virus-free :ultuie) (see Arracacha)

Departoment of Primary Industr,, Director o Crop Research, PO Box 417, Konedobu, Papua 

New Guinea 
DeuLtch: Gesellschaft fur TechnisChe Zusar.onrearheit (GTZ), West Germany (see Mashua)
Dick and Annemar;e Endt, New Zealind (set! Achira)
W. Hlardy Eshbiugh. USA (see Achira) 
B.W.W. Grout, U;', (see Actiira)
;Wernational Board for Plant Genetic Resources (lBPGr-), Italy (germplasm information) 

(see Achira) 
Jesse Jaynes, USA (gene splicing) (see Ahipa)
Timothy A. Johns. Canada (cthnobolany, chenical ecology) (see Arracacha)
Paula Jokela, Finland (physiology, vru,,-free culture) (see Mashua)
Wayne Jones, USA (virus screening) (see Oca)

Steven R.King, USA kethnob.,,, v) (see Achira)

Tertru Lempiainen, Departn.er Biology University of Turku, Turku SF-20500, Finland
 

(physiology, vius-hIec ' 
Jess R.Martineau, USA (tioe..nology) (see Mashua)
Cesar Minrales, USA (irrpo:ttiori to U.S.) (see Oca)
John Palmer. riew Zealand (see Af.tj)
Leene Pietila, Finlaod (physiology, virus-free culture) (see Mashua)
Hugh Popenoe. USA (see Arracafiaf 
F.M. Quin, Pletherlands (s'e Nashua)
 
Jurge, Reckin, Last Germany (see Potatoes)
 
Charles M. Rick, U1SA (see Arhcacha)
 
John W. Rick, USA (sze Maca)
 
Ame Rousi, Finland (physiology, virus-free culture) (see Achira)

L. Schilde-Rentschler, West Germany (see Mashua)
 

http:Departn.er
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Richard E. Schultes, USA (ethnobotany) (see Achira)
 
Seung Jin Kim, South Korea (germplasm) (see Achira)
 
AA Shah, West Germany (see Maca)
 
Calvin R. Sperling, USA (see Ahipa)
 
Hermann Stegemann, West Germany ('see Maca)
 
W.R. Sykes, New Zealand (see Mashua)
 
Guillermo Veliz, USA (importation to U.S.) (see Oca)
 
PAiejo von der Pahlen, Italy (see Oca)
 
Benjamin H. Waite. USA (see Oce)
 
Karl Zimmerer, USA (see Potatoes)
 

YACON 

Andean Region 

Carlos Arbizu Avellaneda, Peru (see Achira) 
Fernando N. Barrantes Del Aguila. Peru (germliasm, patho!ogy) (see Achira) 
Oscar Blanco Ga!dos, Peru (see Masha, 
Augusto Cardich, ArgLntina (geography andi climate) (see Achira) 
Rail 0. Castillo T, Ecuad'-r (tissue culture, virus-tre germplasm) (see Ahipa) 
C sai del Carpio Merino, Petu (see Achira) 
Rolando L -i6squiza, Peru (see Aracacha) 
Fondo Piacional de Investigaciones Agropecuarias (FONAIAP), Venezuela (see Achira) 
Saritiago D. Franco Pebe, Peru (y-rrnplasin) (see Arracacha) 
Michael Hermann. Peru (see Achira) 
Jo, C Horton Holmann, Ecuador (see Achira) 
Zasimo Hluaman Cueva, Peru (set, Achira) 
instituto Naciona! de Investigaciones Agiopecuarias (INIAP), Ecuador (see Achila) 
Sady Majino Bcrnardo. Peru (see Arracacha) 
Carlos hieto C., Ecuador (see Achira) 
Rau!Rios F., Bolivia (see A(hira) 
Isidoro Sanchez Vgca, Peru (sue Arracacha) 
Julio Valladolid Rivera, PEii, (see Ahipa) 
Carlos Adolfo Vireos Naranju, Ecuador (see Arracacha) 

Othr Countries 

Gregory J. Andei son, (SA (ethnobotany and taxonomy) (see Arhira) 
V/ichitr Benja',il. Thailand (see Achira) 
Dick and Annemarie Endt. New Zealard (see Achira) 
Stephen Facciola, 1870 Sunrise Drive, Vista, California 92084. (ISA (useful plants, germplasm) 
Daniel W. Gade, i";A (see Achira) 
International Board lor Plant Genetic Resources (IBPGR), Italy (gerniplasm irnformation) 

(see Achira) 
Timothy A. Johns, Canada (ethnobotany, chemical ecology) (see Arracacha) 
AJan M. Kapuler, USA (see Achiri)
 
Steven R.King, USA (ethnobotany) (see Achira)
 
Richard McCain, Quail Mountain Nursery, 11310 Caniliagria Way, Watsonville, California 

3076, LISA (horticulture) 
D.J. Manners, Brewing and Biological Sciences, Heriot-Watt University, Chambers Street, 

Edinburgh EHI IHX, Scotland, UK (inulin) 
Jess R.Maitineau, USA (biotechnology) (see Mashua) 
Avigdor Orr, USA (see Ahipa) 
John Palner, New Zealand (see Ahipa) 
Hugh Popenoe, USA (see Arracacha) 
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Martin L. Price, USA (limited gerrnplasm available) (see Achira)
 
Harold Robinson, 
flational Museum of Natural History. NHB-166. Sni ith.,orliar Institution. 

Washington, DC 2056o. USA (taxonomyl 
Elizabeth Schneider, 215 East 80th, New York, New Yoik 10021. USA (food preparation) 
Richard E. Schultes, LISA (ettrobotany) (see Achird 
Seung Jin Kim, South Kored (germplasm) (see Atlwai 
Steven Spargler, USA (see Achira)

John Swift, Siwilt's Subtro ii:als. 3698 Ciaik \aloey. 
 _ot Osos, Calitoinia 93402. .!SA 
W.R Sykes. Nlew Zealand (set Masiuj
 
Donald Lgent, USA (see Achiraj

James R.Wells, Cranbrook Institute of Science. 500 Lone Pine Road, PO Box 801, Bloornfield 

Hill, Michigan -18013 !SA (taxonorny) 

KANIWA 

Andean Region 

Jairne Alba AltAinete. Bolvia (see Oca)
Alipio Canahua, Instituto hociorial de Inv,, tigacion V Promocion A(Iropecuaria (INIPA), 

Casilla 172. P1.1no, Peru 
Au Lusto Cdrdich. Argentina (geography and ( limat,,I (se Acthira)

Cesar dol Carpko Merino, Peru (see Achira)
 
Humberto Gandarillas, 9oiivia (see Oca)

Lionel 0. Giusti, PunJacion e Instituto Migquel I illo, lniv,_,rsidad Nacionai de Tucuman. 

Miguel lillo 205, San Mig(ielde [tiutman. Aigentina (systematic.,)
Luz Gomez. Prograrma de Cereale, (Inivesidad Nt:jional Ar,ria (NA), Apartado 456. La 

Molina, Lira 100. Peru 
Alexander Gohmiarn, Peru (yrnnI)lasji collecton) (see 0ca
 
Instituto Interamericano de Cooperdcion para li Agricultura (IICA), Bolivia (see Mashua)

!ngo Junge Rodewald. Chile (processing, nutrition) (see Potatoes)

Maximo Liberniann C'uz. Facultad d. Ciercia,, I Istituto de Ecologia, Casilla 20127, La 

Paz. Bolivia (salt tolerance) 
Cipriarir. Mantan Camargo, Peru (see Ma(d) 
Ulrich Mohr, PrTu (see /MIdShta) 
David Morales V., i3olivia (see Mtishua)
Angel Mujica, Instituto Nacional de Investi, acion y Pron-ocion Agropecuaa (INIPA), Casilla 

172, Puno, Pen 
Maria de Loutdes Penaloza Izurieta, Facultad de Ciencia e Ingenieria en Alimentos,

Universidad Tecnica de Arnbato, Avenida Colombia y Chile sn, Casilla Postal 334, 
Arbato, Ecuador (nutritional analysis)

Francisco Rhon Davila, i-cuador (see Maca) 
Raul Rios E., Bolivia (see Achira) 
Juan Risi Carbone, mbia (see Achira) 
Carlos Roersch, Pe, ' Mashua) 
Emilio Rojas Mendoz,. u (see Maca) 
Basilio Salas, USA Isee Mashua) 
Mario E. Tapia Nunez, Peru (see Mauka) 
Lauro Toribio Baltazar, Peru (see Macal 
Cesar C, Vargas Calderoq, Peru (see Potatoes)
Eulogio Zanabria. Departarnento de Agronornia, Universidad National T6cnica del Altiplano.

Ciudad Universitaria, Casilla 291. Puno, Peru (pathology) 

Other Countries 

Jose Arze Borda, Departamento de Cultivos, Centro Agror6niica Tropical de Investiqacion 
j Ersehanza (CATIE), furria;ba 7170, Costa Rica

Emiqdio Ball6n, Talavaya Center, Tesuque Drive, Box 2, Espanola, New MIexico a7532, LISA 
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Ricardo Bressani, Guatemala (nutrition) (see Achira)
 
Roll Carlsson, Department of Plant Physiology and Food Botany, (Iniversi:; of Lnd. PO
 

Box 7007. Lund S-22007, Sweden (leaf protein, plant chemistry, and nutrition)
Miguel Carmen, FAO-Luarda, Angola, c/o Myllyti 16 ,is 2,1. OuIl 90500. Finland 
Deutsche Gesellschalt fur Technische Zusaamnenarbeit (G I), West (etrmarny (see Mashua) 
Craig Drenianri, USA (see Potatoes) 
Eden Foods, Inc., 701 leun iseh Road, Clinton. Michiiain 4923b. LISA (importation, 

processing, and distribution) 
W. Hardy LshbaIqh. (ISA (see At hcit
 
Jorge D. Ltchuvtv B.1 Ct 'o (It, I-daol(ac j, S(,( :ion Ftiheridad 
 de Suelos. Instituci6n 

_nsenariza e Invn stir acril cn (inis Ag ithbc. (ole gin de Posttgraduados, Montecillos, 
Chapingu. I-stado de Mexico 56230. Mexico 

Chlistine FraniueInort. (JSA (OLIeclia p)lait W. isee Aiipl) 
Daniel 6V.(, d. LUSA 'see Achira ) 
N.AV. Galv.e I )liprtc it (l Applied Bioloiy. (Il rsitv ol Canmiidr'. PSiliuroke Street. 

Caribrdgj' ('B.) i)X. O1K1 
StephenI (liord.102f Vt'lnit ; tfrect #3. Bolddin Cooian 80302. (J"iA (eX lorart impnlort) 
B.AVW. rlo. 'svehina)' t. ( 

Bart,/ Harrire]. Depjriivininotof Iotjn:v, )uke Umiivefiit Duthi in, No rth (_'t ohia 27/06 LISA
 
Irte.rnatioal 
 [ ,ood !or Pltf (enctit Resour(es (!l['Gk). Italy (qwrmiplasrri inflormation) 

(see At hri) 
Duarre ,Johirn-nrt I) tpditniclt of Acionnrny, Colorado !Statt lriver.ity. Fort Collins. Colorado 

805?. ISA hyiout.ti)
 
Ron KatJi,h. (J.S.\ (cjinrui) (siMe,acal
 
Alan O. K pnit-i. 3ISA ieet. Athiio)

'-tce n '> ,,tin ( iSA,'" tti, iiii ,'n ( st' !\(chlra) 

or As'.ta iate. 

ISA 
Cyrus M+Ktll. (|1.S. IsAt-. I utalri -, 
Jerr . +L.rliliri Dupairtm ni t M.dli ire (',errlistly and Phirma:y, Purdue University, 

West 'ahiv'n. Irdiara 4713r7. (ISA (toxi( ology)
 
rej Pattap, Ntepil (Iinuntntin IultUrl. qnntic resources) (se(, Maca)
 
Martin L. Piert, (iS, (li otd jtimuplasin availabile) (so. Admire)
 

John M , at NCor *i , 2560 South lackson, Denver, Colorado 80210, 

loi Ger,,ti 

Vii: dt!e [e'l e d! "Alaual lla " er W(i iI(), Itly
 

Allied() S,!nAht-. e, l I:,, Pulnytiros A..roliecuarios. S.P.R. de R.S.. Miari
 

Robert Rvid, Iblteril intmrl I1err lotd rIt Resources (IHPGR). FAO Headquarters, 

, Miniu1I 6N' 
40, Mcxiv o)0, DIT . o'itli 

Richard I:. S( hui., s. (ISA cit inbuatny) (see A, Iia) 
Forest Slhoi:r. ,"ur'dont tie Set'I Foundation, PO Bo. 772, Port Iownsend. Washirgton 

98368, (ISA
 
NAW, Sinrironds,. UJK(,ij:e Potatoe. )
 
P. Uotili, [o:tnial Muse, lr,. Univeisity ol Helsinki, Unioniikalu 44, Helsinki SF-00170, 

Finland (hrb,rirt. taxonorii review) 
Richard Vrlley, USA (qrkutr) (, e Oca) 
Benjamin H. Waitc, LISA (see Oca) 
Hugh D. Wilson [Jepplnient i Bio:og,, Texas A&M University, College Station, Texas 

77843. LISA (sVslernatics)
 
Rebecca I heUrer Wood, PC) Pox 30. Crestone, Colorado 81131. USA
 

KIWICHA 

Andean Region 

Segundo Alandid, Bolivia (pathology) (see Mashua) 
J. Andrango, Prograira de Cultivos Andinos, Instituto 'lacional de Investigaciones Atli. q ecuarias 

(INIAP), Estaci6r Epeimnental "Santa Catalina," Casilla Postal 340, Quito, Ecuador 

http:hyiout.ti
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Antonio Bacigalupo, Chile (see Potatoes)
 
Fernando N. Barrantes Del Aguila, Peru (germplasin, pathology) (see Ach;ra)
 
Angelica Campana Sierra, Banco GermoplAsma Culb\os Andinos Instituto Nlacional de
 

Investigaciones Agropecuari..s, Estacion LatMolina, Apartado 2791, Lima, Perri (native 
amaranths) 

Andres Contreras M.,Chile (germplasrn) (see Oce)
Guillermo Covas, Estacidn Experimental. 6326 Anguil, La Parnpa, Argentina 
Daniel G. Debouck, Uridad de Recursos Cieneticas, Cent-o Internacional de Agricuitura 

Tropical (CIAT), Apartado Areo 6713, Cali, Colombia 
Mabrouk A. El-Sharkawy. Centro Interriacional de Agnicultura Tropical (CIAT), Apartado

Aereo 6713, Cali, Colombia (physiology, photcsynthesis)
 
Fondo Nacional de Iwestigaciones Agrropecuarias ,FONAJAPl, Venezuela (see Achira)
 
Santiago D. Franco Pebe,Peru (gerinplasr) (see Arraca.fha)

Juan Gasto, Pontiticia (iniversiddd Catohca dleChile, Vic. Mackenna 4860. Casilla 114-1), 

Santiago, Chile 
Luz Gomez, Peru (see KanlWa) 
Armando T. Hunziker. Facultad de Ciencias Exactas Fisicas y Naturales, Museo Botanico, 

Universidad Nacional de Cordoba, Casilla de Co.. eo 495, Ccrdoba 5000 Argentina
Joaquin Hurlado Arcila Facultad de Ajrononua. Unihersidad dJ.Caldas. Apaitado Aereo 

No. 275, Manizales, Colombii l 
Nicanor lbanez-llerrera, Fatdultad de Ciefncias Biologias, UBi esidrad Ni,ional de rrujillo, 

San Marlin 38(,, Apaitddo 315, fruiillo. Peru 
Instituto Interainericaro dt,Coopera(cil ar la griwiultura I3olivia (se- Mashua)Ia IiCA 
Instituto Nacional de investigacirones Aglopr( uarias (INIAP). [-crudor isee Achira)
Michael J. Koziol, Latinieco S.A., Ctlro .Nestle, Casilld ledal 6053 CCI, Quito. Cumbaya, 

Ecuador
 
Francisco Javier Lopez Madias. acullad ditArrIoeii,, clnivirsid:ti de Caldas, Apartadc 

Aereo No. 275, Manizales, Colunibia 
Cipriano Mantari Cainaro, Peru se Macai) 
Mario Altredo Marcial Grijalva, Fucultad de Cienciri e Ingerieria en Aiimentos, Universidad 

Tecnica de Ambato. Avernida Colombia vChile s n,Casilla Postal 334 Ambato. Ecuador 
(nutritional analysis) 

Ulrich Mohr,Peru (see /,ashua) 
David Morales V..Bolivia (see Mashua) 
Alexander M, Mutller, Integiatcd Rufol Developi lent Project. Corporacion de Araracuara, 

Apartado Aeeo 03,117., fogotn. D.E., Colombia 
Gladys iwovas de Alvarado, F-ciltad dC Ciencia t! uigeinirri a de Alirentos. Univelsidad 

fecnica de Ambato,Avenjdi Coloitbii y Chile s n, Casilla Postal 33,1. Abctio,. -cuador 
inutritional analysis) 

Carlos Nieto C., Ecuador (see Achira) 
Jaime Pacheco Navarro, Centro de lnvctstigJcionccs dC&Cultivos Andinos ICICA), Univeisidad 

Nacional del Cusco, Apartado Postal 774, Cusco. Peru 
Felipe Portocarrero S.. Llniversidad del 1',jcifir:o, Jesus Marid, Avenida Salaverry 2020, 

Apartado 4683, Linia I I. Peru 
Raul Rios E.. Bolivia (see Achira) 
Juan Risi Carbone. Colombia (cropping systens) (see Achira) 
Carlos Roersch, Peru (see Mashudl 
Emilio Rojas Mendo:a, Peru (see Maca) 
Isidoro Sanchez Vega, Peru (see Arracacha) 
Raul Santana Paucar. Peru (see Mashudi 
Juan Serninario Cunya, Peru (see Mashua) 
Juan Solano Lazo, Ecuador (see Achira)
Luis Sumar Kalinowski, Centro de Investigaciones de Cultivos Andinos (CICA), Univeisidad 

Nacional del Cusco, Apartado Postal 774, Cusco, Peru 
Lauro Toribio iBaltazar, Peru (see Marca) 
Roberto dgas C., Programa de Investigaci6n en Hortalizas, Departamento de Horticultura, 

Universidad Nacional Agraria (UNA), Apartado '456, La Molina, Lima 100, Peru (leafy 
vegetables) 

Cesar C. Vargas Calderon, Peru (see Potatoes) 
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Cr.sar Vscorez Sevilla, Facultad de C~encia e Ingenieria en Alimentos, Liniversidad Ti-cnica 
de Ambato, Avenida Colombia yChile s/n. Casilla Postal 334, Arnbato, Ecuador ,nutritional 
analysis) 

Cwrlos Adolfo Vimos Naranjo, Ecuador (see Arracacha) 
Samuel von Rutte, Latinreco S.A., Centro Nestle, Casilla Postal 6053-CCI, Quito. Cumbaya 

Ecuador
 

Other Countries 

Mohammed Abid Alsaidy, College of Agriculture, University of Baghdad, Abu Gharib. Iraq 
(amaranth germplasm) 

Gregory J. Anderson, USA (ethnobotany) (see Achira)
Wayne Applegate, American Amaranth Insttute, PO Box 216, Bricelyn, Minnesota 56097, 

USA 
Arrowhead Mills, Inc., PO Box 2059, Hereford, Texas 79045, USA (processing)
Suzanne Ashworth, 5007 Del Rio Road, Sacramento, California 95822, USA (amaranth)
Michael AvishaiJerusalern and Ulniversity Botanical Garden, flehrew University of Jerusalem, 

Givat Ram, Mt. Scopus, Jerusalem 91904, Israel (gerruplasni) 
Emigdio Ballon, USA (see Kaniwa) 
Robert Becker, Agrk iltural Research Service (ARS), (I.S.Depa, tment of Agriculture (USDA), 

Western Regional Peearch Center. 800 Buchanan Street, Albany. California 94710, 
USA (miling) 

Ricardo Bressani, Guatemala (nutrition) (see Achira) 
William M. Brown, ]S/ (see Oca) 
Leslie Brownrig, USA (indigenous systfrns) (see Achira) 
T.A.Carnoibell, Aigricultural Research Service (ARS), LIS. Department of Agriculture (USDA),

Building 001, Ruom 340,Behsville Agricultural Reseairchr Center (BARC-West). Beltsville, 
Maryland 20705, USA (industrial ciops) 

Roll Carlsson, Swed,_-n (leaf nrotein, plent chemistry, and nutrition) (see Kaniwa) 
Centroarnericana de Sernillas, Apartado Postal 1960, Tegucigalpa, Honduras 
George B. Chibiliti, Crop Science Department, School of Agricultural Sciences, University 

of Zambia, Lusaka Camp.LJ PO Box 32379. Lui,.ika. Zambia (arnaranti) 
Abebe Demissie, Plant Genetic Resources Center, PO Box 30726, Addis Ababa, Etiiopia 

(amaranths) 
Deutsche resellschatt lurlechriiscthe Zusarnrmnarbeit (GTZ),West Germany (!a'ee Mashua) 
Soonthe n Diuiiyaprapan 'hoilland Institute of Sckntitic aud Technological Research (TISTR). 

196 Phliahonyothin Road, Bangkhen, Bangkok 9, Thailand (amaranth) 
Daniel Early, Central Oregon Community Cuilege. NW College Way, Bend, Oregon 97701, 

USA (arnaranim) 
B.O. Eqgum, Depatmnent of Animal Physiulogv and Biocheristry, National Institute of 

Animal Science, 25 Rolighedsvej, Frederiksbvirg C, DK-2500, Denmark (nutrition) 
Marco Ronilio Estrada Miuy, Facultad de Agronoma, Universidad de San Carlos. Aaiiadn 

1545, Ciudad Unlversitaria, Guatemala 12, Guatemala 
Michel Fanton. Australia (see Achira) 

0Hector E. Flones, Department oi Plant ethorogy, Perinslvania State (Jniversity, UJniversity 
Park, Pennsylvania 16802, USA (phytochernistry) 

B W.W. Grout, UK (see chifa) 
V.K. Gupta, Department of Crop Science, Un;versity of Nairobi. Nairobi, Kenya (amaranths) 
Di. Hagedorn, Department of Plant Pathology, University of Wisconsin, 1630 Linden Drive, 

Madison, Wisconsin 53706, USA 
Ray IIlcnkel, USA (pioneer colonization) (see Achira, 
J.L. Hudson, Seedsman, PO Box 1058, Redwood City. Caliloinia 94064, USA 
Ron Hurov, USA (see Mashua) 
Internaticnal Board for Plant Genetic RCsources (IBPGR), Italy (germplasm information) 

(ste Achira) 
S.K. Jain, Agronomy and Range Science Department, University of California, Davis, 

California 95616, USA (genetics) 
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C. Antonio Jimenez Aparicio, Mexico (see Arracacha)
 
Duane Johnson. USA (production) (see Kaniwa)
 
B.D. Joshi, Regional Substation, National Bureau of Plant Genetic Resources. Phagli, Simla 

171 021, India (germplasm) 
J. Juribe Ruiz, Academia Mexicana de Ciencias Aricolas. Cu.utla No. 76, Casilla Postal 

06140, Mexico I !D.F 1,Mesk o
 
Prornila Kapoor, Camn r 
 uaIth S,.ic c.-Cour ii, CuWHO orrwcarlth Se(:ret,nat. Marlborough 

House, Pall Mall, Londonl SW IY )fiX. U.K (amarlths)
 
Alan M. Kapuler, LJSA (ste Achila)
 
Charles Kauffman, Rodail Research Centtr, Lon I. Lox 
 .323, KuLttuwn, Pennsylvania 

19530, US.\ (qerrnplasn, aaroneony)
 
Steven R. King. USA (ethnobotany) (see Achira)
 
Peter Kulakow, fhe Land h.tiute ,Sci. . 'ie nSas 67,10 1, USA (aira nth)
 
Cli Won Lee, Netw Crop s Section, Departnient of IfortiC.Ulture. Colorado Statf. Universily, 

F-1Cnll, s. Colorado 80523, USA flaptes) 
James Ltnan., I)ep-,iiient olAgronomy, Iowa St-it. (Ihirvensity. Arne< Iowa 5001 1,USA 

(anwI rath) 
Jess R. Maninrtirr . (fiotecfhIology(] (VV, tasho)(S.A e 
Anibal 13.MallrI_,- MUir]O, fa(t. tad dt A lronnii. (Jr,,irsdai de Sin Carlos. Alitiado 

145. Guactuiala City, (inatetnala 
Ga r Ndbli. I"stit Botanical (jafrdils. 1202 Nolil l 'ii kay, Photiflix, Aizona 

85008, USA 
lenis Nelson, Instite of Ajrirultur antvi'd ,:tial i,. (Rlri r', of Ntobiwska. Lincoln, 

Nebraska 68583, (IUSA(aniirmifh) 
John Palmer, Ne.w Zcalmd tiranr, 1)(!,L'AhipaI)
 
Iej Partap. 'iepal (atndiarnths) (secrIlidCa
 

tMichtiel N. Puason, N,,%,Zel.ird (aiiarith)i ,, 'iM,iht la)
 
Birthe Puderser )eparntnnrit of [fiotor I flo , ifr, inl( ('i h I a)oat1ty. 10 Gantile 

Carlsberqvej. Valby DK-2;562. IDenirii k (nurtnlioir 
Ma'crtin L Price. (ISA (Ilrnited grriilasi avaalalih.) A( hinooi 

Daniel H. Putrnam, Ctenttr forAlterinativ Crop. and Inodu ts (!rio sity ot Mitilresota. 305 
Alderman hi:l. St. Paul, Minnrisonra Y 108. (ISA (rranintha,) 

Mickey Reed, Arizona State University. lempt, Ari/oiim ((5281. lISA Isalinity)
 
Robert Reid. Italy iset- Kaniwa)
 
Chales M Rick. (ISA isire At)rca ha)
 
Robert Robinsor. 1 'i:artrmrni olAg orirmv arnd Plant (Jrir-ti-s, Clrrvnhity 
o Minnesota, 

l3orlauj 0lail 1991 [ltutor ' CiI It. Sr. Paul. Mrninesrni ,108 . ISA (,iriirmith) 
David J.Sainrior, (ISA (ar ranth)t(sit Potatos; 
Alfrted. o.Oircl hz-Moir rg,_ xicolatnaral s) (,i' Kaliiwa )
 
Jimathan Sauci .Departni -.I (icojr Vnhry. lty of Ciliuoriar, I os Angeles. ('alitornia
 

96024, USA 
Robin iaundt-rs, LUSA (pIro(5ssiri5starht-,e! At Sita! 
Jur,]eon Sclraeltfr. D,.panrnet of Plant and inolScientce, M,-,tar a State Uniersity 

ozeriarr, '1ortana 5,9I17. (iSA (ainararith)
Al ShAfieiter. Department o A oton iy. Nrth Dakota Sh~tv (Iniersity. Fargo. r~orth Dakota 

58 105. LISA Itmaaal 
Shao Ol:uail, China (see Potatoes) 
Forest Shomer, USA (see Kaiwa) 
William Steg meror. lmperinert Station, Foit flays State (Jniversity. Hays, Kansas 67601, 

LISA (anraridth) 
Guadalupe Snanz Ramos, IfIFSM Utlidad Queltaro. Apamto I'ostal 37. Queretaro, 

Orreretaro, Mex ico (amiaranth) 
Sun Ilorngilarn, hInstitute of Crop Breeding arid Cultivation, Chinese Academy ol Agricltural 

Sciences (CAAS, io 13rishigiao Road. West Suburbs, Beijing 10008 1,Clina (amaraths) 
W.R. Sykes, New Zealriand(anaratnth) (see Mashua) 
Antonio I rinidad Santos, Centro de Ldahologia. Seccion Ferlilidad de Suclos, Institucion 

Ensernanza L,Investigacion en Ciencias Agricolas, Colegio de r'stgraduados, Menteciflos, 
Chapinjo. Lstado ieMexico 56230, Mexico (amaranths) 
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Alejo von der Pahlen, Italy (aniaranth:, (see Oca) 
Leon W. Web.r, Amaranth Project, Rodale Research Center, Route I. Box 323, Kutztown, 

Pennsylvania 19530, USA (oermplasm, agronoriy) 
Rebecca Theurer Wood. LIS- (see Kaniwa) 
R.B.Wynn-Williams, New /xa!and (omaranth) (see Oca) 
Yue Shaoxian, Institute of Crop Breeding and Cultivation. Chinese Academy of Agricultural 

Sciences (CAAS,. 30 Baishiqiao Road, West Suburbs, Beijing 100081,China (amaranths) 

QUiNOA 

Andean Region 

Segundo Alandia,, Bolivia (pathology) (se- Mashua)
 
Jaime Alba Aldunate, Bolivia (sce Oca)
 
Aquilino Alvarez, Progralna de d Nacional io Abad del
Quinua, Uni,.er,ii de San Antc 

Cusco &',; SAAC). Apartadc 1006. K'avra. Cusro, Peru 
Mi!ton Avarez B. I atinraco ! ,A, Ceritf Potital, Nestle, Cisilla f 053-CCI. Quito, Cuinbaya 

Ecu; dor 
Jeanine Andurson Asow,iaii Pi ILI-Mi rjtC[Fi,l Vi,A 7 55- 5. Miratloraes. Linia, Per u 
Antonio :2ciriihiii Cli. ,,c ttit,-
Fernando N. 3aoraftcs [ V,\uila, impmhs. AcliralPeru (tit piathoogy) -,i-
Alejandio B(uiif;ctorI i,I xperim dl a I, B lriao de FecnologiaF., nt am,..Patac a' ttitt 

Agiop, ui, l I [A,. Casill, Postal 578 Ila P,/. Hol'i; (iicrict:, ,,) 
Hernan Carao llc ,. Instituto Inttliai( o dc Cooprew,' on pma I A,ricullura (IICA), 

Apailad-a 201 -A.Oto.t: edc 

1 

r,
 
Augristo Cardich, Airlcirtinii (tiv(,apr\d,:id0iirt". ( e,A. limi) 
Angel C tI ( hr(O.u hu rWrr lrititrtri li i0r),alI acii y. u i, isti A;rxai Agroirdastrial

(INI,V\), PunuI.P'-LI 

Raul 0. Castillo I. I r aor Inc Aiipa 
Andres Contr, ras , , ChiI, (qt mi pla&m t Oca) 
Daniel (. D-bouti C~olnbia I(seeKiwichla 
Anibal del 2aipin i iarr, P,-ru(se, ,asiiurl 
William _dward',on, Oficina ,etjpinl rn)a Ia ,\mierica latina v el Caribe, International 

Devcol)n'ei tResedIih Centre IIBRC . Aplnado Acre,) 5- 916, BogJota, Colombia 
Jose Egue, InstiLrio Nariori ldtcIrr.stir aciouts AIroiprtr u i, (INIAP), Flstacion Experimental 

dl Austro, Apartado 554. Ct-ierca, 1[cuador 
Fondn Nacional de Invvstigaeione iJrisf isee Achira)Agr,)IC.,: I:PFNA,,'P.). Venezrela 
Santiago D. Franco Pe re, Peru (grmllasemi (see Arr(r01ha) 
Hiuaberto Gandairillas, Bolivia tsce Ocil 
Juan Gaviia R, Venezuela (see (JlhMeo)
 
LioneI 0. (iusi, Argentiona (systematie s)(se In, va)
 
Luz Gomez Perr, l',
(see aniwa) 
Emilio GonzaleL Gonzalez,. co Division Ajatroia Carozzi, AGROZZI. Cano Longitudinal 

Sur 5201, Kin 23,San Bernardo,Sartiotri. Chile 
Ruperto Hidalgo A., Hospital Crmaonai de Cn;ta. Crilta. Chimborazo,Lcuidor (child nutrition)
'n.tituto Interainericano de Cooper, ic para Ia Ag icIUltUrra (IICA), Bolivia (see Mashua) 
!nstituto Nacional de Inve.tigacioncs Agmlorncudrias 'INAP). Ecuador (ste -crnira) 
Ingo Junge Rodewald, Chile (desaponi/ation, processing, and nutrition) see Potatoes) 
Michael J. Koziol, Ecuador (see Kiwic,-, 
.'"hannKrun, Andean Crops (or lunian Nutrition, Convtio Pe[u-Alemania para CtItivos 

And, ios-GT-Z (CORDEL, Aenida Sol ,17.Casillr Postal h07, Cusc,, Peru ("lile-support" 
crops) 

Latinreco S.A., Ecuador (see Arracacia) 
Craig Leon, Grupo Morise., Casilla 625, Quito, Ecuador (indigerous agriculture) 
Maximo Libermann Cruz, Bolivia (salt tolerance) (see Kai'iwa) 
Cipriano Maur;;a,i Carnargo,Peru (sce Maca) 
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Mario Alfredo Marciat Grijalva, Ecuador (nutritional analysis) (see Kiwicha)

Ulrich Mohr, Peru (see Mashua)
 
David Morales V., Bolivia (see Mashua)
 
Angel Mujica, Peru (see Kaniwa)
 
Eloy Munive Juregui, Peru (see Maca)

Gladys Navas de Alvarado, Ecuador (nutritional analysis) (see Khivicha)

Carlos Nieto C., Ecuador (see Achira)

Jose Ochoa L., Programa de Cultivos Andinos, Instituto Nacional de Investigaciones


Agropecuarias (INIAP), Estacion Experimental 'Santa Catalina," Casilla Postal 340, Quito, 
Ecuador
 

Victor Otazu Monzon. Peru (pathology) (see Potatoes)

Maria de Lourdes Perialoza Izurieta, Ecuador (nutritional analysis) (see Kaniwa)

Eduardo Peralta ., Ecuador (see Mashua)

A. Reggii.rdo, Departamento de Tecnologia y Productos Agropecuarios (TAPA), Universidad 

Nacional Agraria (UNA). Apartado 456. La Molina. Lima 100, Peru (processing)

Rauil Rios E., Bolivia (see Achira)
 
Juan Risi Carbone. Colombia (see Achira)
 
Carlos Roersch, Peru (see Mdshua)
 
Emilio Rojas Mendoza, Peru (see Maca)

Jc,e FernandD Romero Canizares. Ecuadol (se Anaccha)

Steve Sacks, Grupo Morisaenz Casilla 625, Quito, Ecuador (landraces)
 
Basilio Salas. USA (see M.ashua)
 
Raul Santana Paucar. Peru (see ,'lashua)
 
,Juan Serninario Cunya Peru (see Mashua)
 
Juan Solano Lazo Futiador (see Achira)
 
Mario E. Tapia r.. )etz, Peru (see Mauka)
 
Lauro Toribio Baltazar, Pelu (see Maca,
 
Julio Valle. Ecuador (scil science ) (see Mi shua)
 
Cesar C. Vargas Caldeion, Peru ;see Potatoes)
 
Cesar Vsconuz Sevilla. Ecuador (nutritionl anaiysis) (see Kiwicha)

Carlos Adolfo Vimos Naranjo, Ecuadoi (see Arracacha)

Erik von Baer von lochow, Estacion Gorbeu. Campes - Semillas Baer, Casilla 87, Temuco,
 

Chile 
Samuel von Rktte, Icuadji (see iwicha)
Jose Zaporta R., Hospital Caitonl de, Colta, Colta. Chimborazi. Ecuador (child nutrition) 

Other Countries 

Sergey M. Alexanyan. NI. V,.vilov Institute of Plant Industry, Ulitsa Gertsena 44, Leningrad 
190 000, USSR 

Arrowhead Mills, Inc., USA ('mocessing) (see Kiwicha) 
Ariel Azael, Haiti (sei- Ahipa) 
Emigdie Ballon, USA see Kaniwa)
 
Robert Becker, USA (milling) (see Kiwicha)

Nate Bower, Dapartment of Chemistry. Colorado College, Colorado Springs, Colorado
 

80903. USA 
Ricardo Bressani, Guatemala (nutri:ion) (see Achira) 
William M. Brown, USA (see Oc)
Roll Carlsson, Sweden (leaf protein, plant chemistry, 6rid nutrition) (see Kariwa)

Migue! Carmen, Finland (see Kaniwa)
 
George Clark, Box 163, Rossburn, Manitoba ROJ IVO, Canada (grower)

D. J. Coter, USA (see Ahipa)
Lynton J. Cox, Central Laboratciy, Nestle Products Technical Assistance Company, Avenue 

Nestle 55, Vevey C1i- 1800, Switzerland 
Ewen Coxworth, Bioriass Resources, Saskatchewan Research Council, 15 Innovation 

Boulevard, Saskatoon, Saskatchewan S7N 2X8, Canada ,salt toleiance)
Deutsche GesellsChaft fur Technische Zusammenarbeit (GTZ), West German (see Mashua)
Eden Foods, Inc., USA (importation, processinq, and distribution) (see Karniwa) 
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W. Hardy Eshbaugh, USA (see Achira)
 
Jorge D. Etchevers B., Mexico (see Kaniwa)
 
Michel Fanton, Australia (see Achira)
 
Erich W. Forster, Suitt 490, 109 Minna Sueet, San Francisco, California 94105, USA
 

(desaponization) 
Christine Franquemont, USA (Quechua plant use) (see Ahipa) 
N.W. Galwey, UK (see Kaniwa)
 
Good Seed, 0: Box 702, Tonasket, Washington 98855, USA
 
Stephen L. Gorad, USA (expor'import) (see Kaniwa)
 
B.W.W. Grout, UK (see Achira) 
V.L. 	Guzman, Everglades Research and Education Center - Belle Glade, Institute of Food 

and Agricultural Sciences, University of Florida, PO Box 8003, Belle Glade, Florida 
33430,USA
 

Barry Hammel, USA (see Kaniwa) 
Ray Henkel, USA (pioneer colonization) (see Achira) 
Sandra Hernjndez, 165 East I 12ch #8A, New York, New York 10029, USA 
Karl Herz, Food and Agriculture Organization of the United Nations (FAO), Via delle Terme 

di Caracalla. Rome 00100. Italy 
Gretchen Hofmann, The Wincstar Foundation, PO Box 178, Snowmass, Colorado 81654, 

USA 
Robert W. Hoopes, USA (genetics, breedng, and pathlogy) (see Oca) 
J.L. Hudson, USA (see Kiwicha) 
International Board tcr Plant Genetic Resources (IBPGR). Italy (germplasm information) 

(see Achira) 
International Development Research Centre (IDRC). International Development Research 

Centre (IDRC), PO Box 8500, Ottawa, Ontario K IG 3H9, Cdnada 
Jesse Jaynes. USA (gene spliriiiq) (see Ahipa) 
C. Antonio Jimenez Aparicic, Mexico (see Arracacha)
 
Duane Johnson, USA (production, processing, and distibuticn) (see Kaniwa)
 
Alan M Kapuler, USA (see Achira)
 
Jack A. Kernan. Biomass Resources, Saskatchewan Research Council, 13 Innovation 

Boulevard, Saskatoon, Saskatchewan S7N 2X8, Canada (salt tolerance) 
Steven R. King, USA (ethnobotany) (see Acnira) 
Vladarmir Krivchenko, N.I. Vavilov Institute of Plant Industry, Ulitsa Gertsena 44, Leningrad 

190 000, USSR 
Chi Won Lee, USA (halophvtes) (see Kiwicha) 
John McCamant. USA (see Kaniwa) 
Cyrus McKeli, USA (see Potatoes) 
Jerry L. McLaughlin, USA (to.icoiogy) (see Kaniwa) 
Bruce Macler, Mail Stop 239-4, National Aeronautics and Space Administration (NASA), 

Ames Research Center. Moflett Field, California 94035, USA (biochemistry of plant 
growth in closed systems) 

Malachite Small Farms. Gardner, Colorado 810,10, USA 
Jess R. Martineau, USA (biotechnology) (see Mashua) 
Cesar Morales, USA (importation to U.S.) (,.. Ocai 
Kapiton V. Novczhilov, Pushkin Institute ul Plant Protection, Shosse Podbel'skogo 3, 

Leningrad 188 620, USSR 
John Palmer, New Zealand (see Ahipa) 
Tej Partap, Nepal (mountain agriculture, gtnetic resources) (see Maca) 
Alan M I aton, Division of Bacteriology, Department of Agriculture, Aberdeen University, 

581 King Street, Aberdeen AB9 IUD, UK (fusion of nitrogen fixation genes) 
Martin L. Price, USA (limited germplasm available) (see Achira) 
Daniel H. Putnam, USA (see Kiwicha) 
F.M. Quin, Netherlands (see Mashua) 
Quinoa Corporation, 24248 Crenshaw Boulevard, PO l3ox 1039, Torrance. California 90505, 

USA (importation, processing, and distribution) 
Jerry 	 Rabe, Pillsbury Company, 311 Second Street Southeast, Minneapolis, Minnesota 

55414, USA 
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Robert Reid, Italy (see Kaniwa)
 
Alfredo Sanchez-Marroquin, Mexico (see Kaniwa)

Robin Saunders, USA (pro(essing starches) (see Achlra)
 
Elizabeth Schneider, USA (food preparation) Isee Yacon)

Richard E Schultes, USA (etlnobotany) (see Achira)
 
Forest Shorner. USA (see Kaniwa)
 
NW. Simmonds, UK (see Potatoes)

Richard Storey. Depalment of Biology, Ct orado Colleqe, Colorado Springs, Colorado
 

80903, USA 
W.R. Sykes. New Zealand (see Mashua)
 
Rick Torwalt, Leroy, Saskat(hewan SOK 2P0. (anada (grower)
 
P. Uotila, Finland (herbarium. tixonunii ieview) (I:s:Kaniwd 
Richard Valley. USA (grower) (see (a)
Mary van Buren, Department of Anthropology. (lnierisily (f Arizona, 127 West 17th Street, 

Tuscon, Arizona 8570 1,USA
 
Louis J.M.van Soest. Netherlands kjernolln, (c(-see
Potatoes) 
Guil!ermo Veliz, USA (importatior t .S.)(see Oca)
 
Hugh D. Wilson. USA (systerriatirs) (see Kaniwd)
 
Rebecca Iheurer Wood,USA (see Kaniwaj
 
R,B.Wynn-William,. New Zealand (see O:a)
 
Karl Zimmerer. USA (see Potatoes)
 

BASUL
 

Andean Region 

Cecilia de Martinez, Laboratorio de [3ioquirmica, Departamento de Quimica, Universidad 
Nacional de Colombia, Bogota, Colombia 

Daniel G. Debouck, Colombia (see Kiwicha)
Estela Diaz. Laboratorio de Bioquimica. Departamento de Quimica Universidad Nacional 

de Colombia, Bogota. Colombia 
Marc Dourojeanni. Univrsidad Naional Agraria (UNA), Cenro de [)atos Puaa La Conservaci6n, 

Apartado 456, La Molina, [inma 100.Peru 
Jaime Gaete Caldc on. !,lion Metropolitana, Corporacion Nacional Forestal (CONAF), 

Lliodoro Yanez IH10. Saitian1o, Chile 
Instituto Nacional de Investigan iones Agjrope(ntarias 0INIAP). L(uador (see Achira)
Shirley Keel, Universidad Narional Agrania (LINA). Centro de Datos Pard La Corservacion, 

Apartido 456. La Molina, Lima 100, Peru (botany) 
Alexander M. ,ALeller, Colombia (sceKiwicha)
C.Percy Nunez Vargas, Proyecto Flora del Penw, Universidad Nacional de San Antonio Abad 

del Cusc(, (UNSAAC), UrIanchata 136 Cusco, Peru 
Isaac C, Peralta Vargas, Departamento Academia de Ciencias Biologicas, Universidad 

Nacional de San Antonio Abad del Cusco (UNSAAC). Apartado Corea 162. Cusco, Peru 
Gerardo Perez, l-aboratorio de Bioquimica, Deparlarnento de Quimica, Universidad Nacional 

de Colombia, Bogota, Colombia 
Manuel Rios, Departmento de Manejo Forestal, Universidud Nacional Agraria (UNA), Apartado

456, L& lolina, Lima 00,Peru (forestry) 
Jose Gabriel Sanchez Vega. Los Sauces No. 207, Apartado 53,Cajamarca, Peru 
Cesar C. Vargas Calderon, Peru (see Potatoes) 

Other Countries 

Rupert C. Barneby, New York Botanical Garden, Bronx, New York 10458-9980, USA 
John Beer, Centro Agron6mica Tropical de Investigaci6n y Enseranza (CATIE), Turrialba 

7170, Costa Rica 
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Gilles Bourgeois. 2181 Navaho #608, Nepeau. Ottawa, 'Ontario K2C 3K3. Canada 
James L. Brewbaker, Nitrogen Fixing Free Associetion (NFRA), P0 Box 680, Waimanalo, 

Hawaii 96795, USA 
Leslie Brownrigg. USA (indigenous sVstemis) (see Achira) 
Cuit Bruhaker. Department of Botany. Iowa State Universit,. Ames. Ioa 50011. USA (leaflet 

anatomy) 
Centroamericana du Semillas. Honduras (set Kiwi(lia 
Nancy Glover. Nitrogen Fixing Tree Association (NfIlAy P0 Box 680,Wainianalo, Hawaii 

96795, USA 
Ralph J. Herey. Depaltam-n to IRet-( Nat -Lrrovnih ls P.oyecto:de 01sos ra h',s Erythrina, 

Centro Agronomica tropical de Ivestiiqa(i'r y I rnor naz (CA[ If). T1urriadba 7 170, 
Costa Rica 

Richard McCain. LISA hotk u!ture) (see Yacon) 
David Neill, Misso0i Botanical Ciarden, c o iJSAID dOLito. (I t). Agenc% for International 

Development (All)), \Vashingtoii. DC 20'23., (ISA 
Charles Peters, USA isec Oca) 
Michael Pilarski, Friends of the levs. P0 ((,u I46t_). Clwiri, Washingrton 98816. USA 

(relorestalion and Ire, comps) 
Antonio M. Pinchinat, histituto d-,, pirta1,iVIricultura (IICA),Interan Irianit, Coqiwlation 

PO Box 1223, Castries. St. Lucia 
Peter H. Raven. Missouri BotAnical Gridi. ,I'( )i, 9A St.B louis, Mi',oiri 03166-0299, 

USA 
Chris Rollins, (ISA (see A hita 
Ricardo 0. Russo. School of Foore i,trrd.IN1101Vn University, 37011talt Stif CS,Y'le 


Prospect Street. New Haven, Connecticut 0651 1.USA
 
Pedro A. Sanchez, I ropi al Soils Re,.an'ih Progrim. D()partm.oet of Soil Scierlce. North 

Carolina Stte (lnivilsity, Rahrigfl ro ih (7arolina 27605, vISA I integrated farming in 
humid tropics) 

Eduardo C. Schroder. Deparlrnient of Aqt and Si,, College o Agricultural Sciences,1 onivl 
UniversitV of Puerto Rico, Rucinto Universitario d(MLay1goez. P0 Box 5000. Mayaguez, 
Puert, Rico 00708-5000. USA (hizobial 

Richard E.Schultes. USA (ethnohotany) (see Achira) 
James L. Zarucchi. Missouri Botanical Garden. P0 Box 299. St. Louis,oissouri 63166

0299. USA 

NUNIAS
 

Andean Region 

Hernan Caballero, Ecuador (see Quinoa) 
Augusto Cardich, Argentina (geography and climate) (see Achiral 
Alfonso Cerrate Valenzuela. Universidad Nacierial Agraria (UNA), Apartado 456, La Molina, 

Lima 100, Peru 
Andres Contreras M., Chile (gerniplasm) (see Oca) 
Jeremy Davis. c o Centro International de Agricultura Itopical (CIAT), Apartado Aereo 

6713, Cali. Colombia 
Daniel G. Debouck, Colombia (see Kiwicha) 
Goilleroro Galvez, Prograrna ieFrijoles Andirias, CentoIltearncional deAgriculturarTropical 

(CIAF), Apartado 14-0 185. LiTna 14. Peru 
Miguel Hollh. Peru (see Arr.,cacha) 
Instituto Nacionil d Ivestigaciones Agropecu,,,as iINIAP). Ecuador (see Achira) 
Julia Kornegay. Prolrarr dv Frijclcs. Centro Interriacional dleAgricultura Tropical (CIAT), 

Apanado Aereo 6713. Cali, Colombia 
Maria del Carmen Menendez Sevillarro, Facultad de Agronornra. C,edra de Botanica, 

Universidad de Buenos Aires, Avenida Samn Martin 1453. Buenos Aires 1417, Buenos 
Aires, Argentina 
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Raul Rios E., Bolivia (see Achira)

Juan Risi Cdrbone, Colombia (cropping, systems) (sve Achira)

Jaime Rojas, Corporacion Armbiente y Desarollo (AADFQ). 
PO Box 632. Ambato, Ecuador 
Jose Gabriel Sanchez Vega. Peru, (see Basul)
 
Raul Santana Paucar. Peru (see Mashua)
 
Juan Seminario Cunya, Peru (set Masha)

Rut Margarita Solari, Instituto de (jenetica, lostituto National de Fecnologia Agropecuaria

(PITA). Centro de fnv'stigc(ioi es de Recursos Naturales. Castelar 17 12. Buenos Aires, 
Argentina 

R. Sotomayor, c o Liniversidad Na inal Agraria (IrNA).Apartado 456, l.a Molina, Linia 100, 
Peru 

Joseph Tohrne, (entro Interriac ional d, Airkiultura eI-topicalI. Aparlado Aereo 67 13,(CIA 
Cali. Colombia 

L. rrugo. Institute de Qucira. Irriv( rsidade Federa, dloRio de Janeiro, C.1. Bloco A 5 
Andar, Ilha do I-unidao Rio de Jdineio. RJ. Bra:il (nitrition) 

Jeffrey White. Colonbia (see NMashudi 

Other Countries 
Fred A. Bliss. Dt:partmenBt of Poroloqy. (Iniversity of California, Davis, California 95616, 

USA 
Ricardo Bressani. (uatteiiala (nutrition) (see Ad ita)

Felix Cartarnad. f-ar.ult(, 
 dcc, SciWI'. Ag,' ciiolues de- l:tat, Gemlblnux 5800. Belgium 

(Phaseolusi 
Alfonso Delgado Salinis, Herblio Nd iccrcl, lristituaicdt tiioloia. LI. iwrsidad Nacional 

Autonnir ni de Mexico III Atifhdo fostail 70 

Abebe Demissie. Lthiopia ihw<,elu, ( ,wcKiwi( hd)
 

\MA). 167. Mc x o 0I.f 10. D.F.. Mexico 

Craig Drerim roin, US (se IPotatoesj) 

Jan Engels, West (0cimany (see i'o;ato#s) 
W. Hardy 1shbauh. LISA ( Ac hial
 
Sharon Flening. lDepailmment Sc iei (Inivr,,itv
of Hutnitjcr cl ccs. of California, Berkeley. 

Californi 970. (ISA 
Christine "tiiucr jicnt. (ISA ( ( hutij plowilwiwc (scc. Ahipaj)zaccht;'a'us Oyrs.j-, iIftiS'll (wtc Po=
i i l'., q' latoo-.,
 

Paul Gepts. Deparliitntit Aqiocori\. (ivt-rsitv (i CJalifoirnia. Davis, California 95616, (ISA
B[W.W. (irout, (K (see Ac hirir 
Leland W. HIudson. Pujqiondl a'lat Introcliccton Station . U.S. I)epartrnrt of Agriculture 

(USDA), Washiqton State (iccvcrsitY. iLtllrlin. Washir]ncton 99 163, (ISA

Internationai Board for PIiant (icceti 
 ResoL cs (Bc[iP((, Italy (lermplasni information) 

(see A hira) 
C. Antonio Jinerez Aparicio ,xi(x o (sc-cAna( (al 
Lawrence Kaplan. [)epaltn(ent of iolocV. Uiiversity ofMasac iccsit sh tHarbor15 Campus,

Boston. Massachiuscts 02 125. (ISA (ar(hi,)iotacy) 
Charles Kcijllrtiar LISA (geirnplasniii kese- Kiw lii) 
Steven R King, ISA fethnobotar Ivi cv A( hira) 
Cal F. Konzak Depr ont of Aiionoinv and Soils. Waisintton Stclah.Uml;versity. Pullran, 

Washington 99164-6,120. USA 
Janet Long-Solis, Apartado Postal 41 593., Mt xi o II 00r. Mi xico 
Carol Mackev. Depart irntit of Anthiopolo jy. Caldorni<i Staite (Iniversity, 18 11 1 Nordhoff 

Street, Northridje, Caliloinia 91 330. (WISA 
Jess R.Malilleat, LISA (biotechrioloiv) (set.Mas,hui 
Tej Partap. Nepal (mountain agriculture. qenetic esocuicis) (set Macl 
Hugh Popenoe,USA (see Aira(:a(ia) 
Martin L. Price. USA (see A(:hira 
L.Quagliotti. Institute of Plant Breeding aid Seed Poduction. Via Giuria 15,Turin, I-10126, 

Italy 
lurgeri Reckin. Fast Germany (see Potatoes) 



375 APPENI)IX C 

Shao Qiquan. China (Phaseolus) (see Potctoes) 
Stephen Spaeth, Grain Legume Genetic and Physiological Research. Agricultural Research 

Service (ARS). U.S. Department of Agriculture (USDA), 215 Johnson Hall, Washington 
State University. Pullman, Washington 99164-642 I. USA 

Karl Zimmerer, USA (see Potatoes) 

IARWI 

Andean Region 

Segundo Alandia. Bolivia (pathology) (see Mashua) 
Jaime Alba Aldunate. Bolivia (see Oca) 
Fernando N. Barrantes Del Agiiila, Peru (germplasm. pathology) (see Achira) 
Oscar Blanco Galdos, Peru (see Mashua) 
Heinz Brucher. Agentina (useful Dlantsl (see Ahipa) 
Augusto Cardich. Argentina (jewpaphy and clirnate) (see Achira) 
Alfonso Cerrate Valenzuela, Peru (set: Nunas) 
Andres Contreras M., Chile (germplasnil (set, Oca) 
Daniel G. Debou(k. Colombia (see Kiwichol 
Fondo Nacional de levr'4tijauiones Agropecoarias WONAIAP). Venezuela (see Achira) 
Santiago D. Franco Pebe, Peru gvrnrrpllasrn, Osee Anecachal) 
Alexander Grobman, Peru (hybrid seed. gerirIplasin .:ollection) (see Oca) 
Instituto Interamericano de Coopcra( ion parcilaAgricultura MCA), Bolivia (see Mashua) 
Instituto Nacional de Invesrigar onu-s Agropecuarias (INIAP). E uador (see Ac hira)
Ingo Junge Rodewald, Chile (processing, nutrition (,ee Potatoes) 
Michael J. KoJol, Ecuador (see Kiwicha) 
Johann Krug. Peru ("life-supporl" crops) (see Qi'unoa) 
Latinreco S.A.. Ecuador (see Arracacha) 
Luiis F. Lopez Jaramillo, Colombia (see Potatoes) 
Martha Beatriz Melendez lbarra. friuliad d Ciencia e Ingenit-ria en Alimentos. Universidad 

Tecnica de Arn-ato. Avernida Colombia yChile s ri, Casilla Postal 334, Anbato, Ecuador 
(nutritiorial ainalysis) 

Ulrich Mohr. Peru (see Mashuaf 
Reinaldo Monrciro, [iazil (Brailian lupins) (see Arrdtaclia) 
Dav. Morales V.,Bolivia (see Mashua) 
Angel Mujica. Peru (see Kaniwa) 
Gledys Novas de Alvarado. Ecuador (nutritionral analysis) (see Kiwicha) 
Carlos Nieto C., Ecuador (see Achira) 
Victo," Otazu Monzon, Peru (pathology) (sPe Potatoes) 
Julio Rea, Bolivia (indigenous ood plants) (see Mauka) 
Raul Rios E.., Bolivia (see Achira, 
Juan Risi Carbonc, Colombia Iciopping systems) (see Achrra) 
Jose Feinando Romero Canizares. Ecuador (see Arracacha, 
Basilio Salas. USA (see Mashua( 
Jose Gabriel Sanchez Vega. Peru (see Basuli 
Patricia Santamaria Freire, F:acultad de Cierci e,Inenera en Alimentos, Universidad 

Tecnica de Ambato, Avenida Colomnbia y Chilte ri,Casilla Postal 334, Ambato, Ecuador 
(nutritional analysrsI 

Raul Santana Paucar. Peru (see, Masha) 
Juan Seminario Cunya. Peru (see Mashua) 
Juan Solano Lazo, Ecuador (see Achiia) 
Mario E. Tapia Nuhez, Peru (see Mauka) 
Lauro Toribio Baltazar, Peru (see Maca) 
L. Trugo, Brazil (nutrition) (see Nunas)
 
Cesar C. Vargas Calderon, Peru (see Potatoes)
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Raniro Velastegui, Corporacion Arnbiente VDesarrollo (/M,.DE), P0 Box 632. Ambato. 
Ecuador (pathology)


Dietrich von Baer. (Jniversidad de Concepcion, Casilla 237, Concepcion,Chile
 
Erik von Baer von Lochow. Chile (see Qoinoo)
 

Other Countries 

Rudolf F.W. Binsack, Consultative Group on Init.mational Ag(iwUltural Research, CGIAR,
The World Bank. 1818 IfStreet, NW. Washington. DC 20433, (ISA(Iliantproduction)

Lynn A. Bolls, (SA (see Arracacha) 
Gilles Bouiqeois. Canada (M- Basui 
Ricardo Bressani. ('uatemala (nutrition) (serA(hira) 
William M. Bron. LISA (se, Ocal 
Eduardo Btusquets, Sectioi 2 11,BeurtchIe (Iesell se h ftfur lecinisch( Zusam menarbeit 

(GTIZ), I bei Frankuit Main. arskjold-wuI1-,lari. Pnstflah 5180. Fschborn D
6236, West Germany 

Daniel Cohen, PO Box 401, Davi,. (ahfofnia 95010. ISA 
Manfred Dainbroth, West Geri y (a I:s.Potatoe s)
 
Deutsche Gesellr hIt for lehrikeht' Znsar,rr.rr,1il ((J ii/'.
\Vst (rerrary (x. Mashua) 

,Christine Franquenioi.l.t ISA (Outi(hu a plant i, Ike, Ahiji i 
Daniel W. Gade,UJSA (-ee Ar hira) 
R. Gross, Section 412. Deutsche Gesv'k!lrhaft IM 1, h:I',(Ire /usadmrrrrenllrbeithIR (GiT),I bei 

FrankfurtMain I)aq-lHamin rsklold-weq I Plf, :h SI 1SO. ls hborn )-6236, West 
Germany 

B.W.W. Grout. (IK(se Achiral
 
Chaia Clara Heyrn l)eplrrment 
of ltonv. hristitut )II ite S ieenets, lfefbrew Ulniversity of 

Jerusalem. Givat P rriu Mt. Srcopu, r,,rlerl I%(Jl . 1ril 
G.D.Hill, Uriversity Colleje of -,ri( ultrre, I in(n (.ollt.q. LrrrrluryV New Zealand 
J.1 llrdsoIn. LISA (see miwkhr) 
Ron f luro\, CSA (s(e M l,hur
 

,International Board for Plant (jvr.nti l/esour,e IP ,. alb, (rqiip,1ism information) 
(see Achira) 

C. Antonio Jirenrez Apl cIl(,. Mcxi:i r sie Ai raca)a
Tadeusi Kazirnierski. Ins t itute ()I lla it L ri tir ,.('ol.A,,\(:deni of Sc:ier c's. Strzes,/nska 

34, Poinan 60 179, Pl]art 
Friedhelrn Koch, Dupaitment l)uscjr ZI> I1.315.IL--IA cj iAG, Wollirinq, '() Box lanau 

D-6,150, West G(riany (nutriti ni 
F-.B. Lucas. Facultdd de Qu-niia. LlnivesidadrlN iron,rl Atr irhir de MeixCo (NMA), 

Apartado Postal 70 -37, Mrexico 015 l.).l Mexi o 
Barbara Lynch, 115 Ke' -Place, Ithi( a New York 1,181),IS-\R.Marquard, Agrarwsenc-,. 

' 

latin Inslotitrit fur Pllanveobr~li unrd PII,rrn/i-rizuvfhtrrr q. I uidwigistrasse 

23, Giessen D-2300. West Germrnny (nutritior) 
Jess R.Martineau. LISA (biotechnologyI (see Mashu ) 
John Palmer. New Zealand nseu Ahipa) 
Tej Partap. Nepal IOountain agriculIture. jenetic rsour:cs (,e Mac a)
John Pate. Department of Botany. UJrivcrsit, of Westeln Atxtm ialia, Nedlands, Weste2rn 

Australia 6009, Australia (physiology) 
Uzi 	Plitman, Department of Botany. Ih0,nv, (IniersitN of.1ri sal ,. Gi,.rt Parm MI. Scopus. 

Jerusalem 91904. Israel ILupinusl 
Martin L. Price. (ISA (Itrotted adadar , ) - C , hirl)J.erorIlaso h.rI i 
Lech Ratajczak, Depam-tnent of Bioloqy LInv,.rit\ ofIPona. I ri\rr 10. Poidn 61-701,
 

Poland 
Peter Roemer, Institut fur Pllanienbau und PflanZnn(t hturlJ I. Justus-Liehrnjg-(Iriiversitat 

Giessen. Fachbereich 17, Ludwigstrasse 23. (iessen )-6300, West Geronny (breedingl 
Robin Saunders, LISA (processing str(:htes) (see Achira)
 
Shao Qiquan. China (see Potatoes)
 
Forest Shomer, LISA (see Kaniwa)
 
Richard Storey, LISA (see Quinoa) 
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Guillermo Veliz, USA (importation to U.S.) (see Oca)
 
Alejo von det Pahlen. Italy (see Oca)
 
M Wink. Institut fur Phanmazie, Johainnes Gutenberg Universitat, Saarstrasse 21, Postfact
 

3980, Mainz 1, D-6500 \Vest Geimany (nutrition) 
Wanda Wojciechowska, Institute of Plant Genetics. Polish Accdev!!!, -f Scknmc s. Strzeszynska 

34. Pomnan 60-179. ['oland (pollination) 

PEPPERS
 

Andean Region 

Cesar Barbcran, Corporaci,<i Anibiente v l)es, riolo (A!4DIAKl.P0 Box 632, Ambato, I-cUador 
Picardo Bellon. F'a Ultad de Acqronora. Catedr,r It B[dtania. (Inivei sid(]i de Buenos Aires, 

Awcrlidar Sail Martin ,1153, BiNoios Aits 14 I,Iuenos Aiien, Aiqitrlhira 
AuqrusitO C,rdicF. Ai,.entiri (geo ,,a hy nid i h isicr , hir,i) 
Andres C((ntrera, 4. Chii (qlrtrrla-ar( (,0 I) 
Mario Crespo, ( r dt- isisTaQIon , r itOh sito ,' iv , 1, CocLhabantha,i I I'1', (i,i illa Mo 

Bolivia 
Carmen L.B. d Roj&. I jcriltai dotAciri ra. (1rirve id,d (, 6 , \"nomiela. Apartado 

,1579, Maracav. I--tio Ariui 0 \II1 /rl0'Iuv 
lrranmisco l)slqpd( dei I I r i oqrrmr a dt. hnve,,Iiq, io n iri litrializas. (Inivtrsidad 

lacional .\ntiria 1'',\i ,'\;larttnd,, .V'c. I ,I 1n~r l ini ,] I00. 'tir (Ilerr plasm 
inforrrmotin)
 

Jos, I r; Holt.,, (Ih, :r,,irr d "i4,rl ,dI ,- i, ritI hIf 1 tlmr lqr . A a rItado220, 
Ayar,(ho. PILI 

Fondo Nacin al ,I,, Ii o itlj .\if. tir,.e, I i'l t'r.V,'rrvuriil (,,. A, hiri)-i 

Juan (I rv Ia IR.. Vc i ti)rl (st ' (ll1P, ',,
 
Alexander (jrilbrm
r n, P ILJdlr hlri s, ';r,c r lh"Inl olhI tiirii Isi (itl) 
Miquel (loll-. P,'ru Is,, Air,nt li,i 
Irsttir to Intarrrirnriici rodi (roolo r,!, rh rantIl Aql i, ritiri i((,A) IBolivia (seV Maslua) 
Instituto ri'rcion ] (10rIIi Ir i on t,-,(ri,e ,r unit-1,111, II,\t), 1in ador (see Aclira) 
Juan Jarrmillo Vas,(iit, , ron t1niCtaditrtr (o biaili Aorcvopeuario (ICA), 

Critio Nacriornil imn ((ii Ap,litfl, , 2,, tP nl(J,, Irr.shq rIi A\e ', ira, Valle, Colombia 
( nli lilatst 

ohSlclias, ViqeIihlr-

(I'A). Alimi1ado A'eruo 101), Rio N(-(Ii,j. ,:li) u,,Cololnhia
 

Aario Inrr, %corinn nr I'ro n toqim,Iisiitito (rlcnnliano Agropecuario 

Luis : I rpz ,Jrrill rn ,.Coloitbia (Sinhlr r,,I ( ,, ritioni,'s) 
Raul Rior I ,Bolivia (set Achira) 
Juan Risi (-,Iflrr nr, Colon lria (.rqppnq sv-,.ri (sel, A, lrfaj 

R.11)S,%alazar k. Sicr.r Flutah-s. InrsWOiint n 1, ri i,moArIropectrario (ICA), Apartado A6reo 
233. p llilrira Vill, ,i'rlo rbia 

Raul Santal r Patinr. PeIrlI (set- 1'.1asri a) 
Cesar C. Vanjas Caldt-eror. elt (see Ptoiainrs) 
Ramiro Velisenui, I-.cradir (pathro yl) swr-it,ri) 

Other Countries 

Jorqe Arce, (nidad de Rctursos (jeneticos, Centro Agronomica Tropical de Investiga-i6n 
y Ensetdnza (CA IIL), Funialbd 71 0, Costa Rica (germplasr) 

Ariel A.,ael, I (aiti (see Ahipa) 
Lynn A. Bols. UFA (see Arracacla ) 
Paul Bosland, Departmerit of Aiqronorr, ind I ortioiultcure, New Mexir o State University, Las 

Cruces. New Mexico 88003, USA 
Ricardo Bressari, Guatemala (nutrition) (see Achira) 
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H.H. bryan, Institute of Food and Agricultural Sciences (IFAS), University of Florida, Tropical 
Research and Education Center (TREC), Homestea 1, Florida 33031, USA 

DJ. Cotter, USA (see Ahipa) 
Gabor Csilleery, Research Institute for Vegetable Crops, Station BudateLteeriy, PO Box 95, 

Budape.', Hungary (hybridization ad mutation, germplasml) 
W.G. D'Arcy, USA (see Potatoes) 
R.Dumas de Vaulx, Station d'Arn6lioration des Plantes Maraicheres, Centre de Recherches 

Agronomiques d'Avignon, Irc.-titut National de alRecherche Agronomique (INRA), 84140 
Montfavet, Avignon, France 

Abebe Dernissie, Ethiopia isee Kiwictna) 
William Doty. Indoor Citrus and Rare Fruit Sccety, 176 Coronado Avenue, Los Altos, 

California 94022, USA (germplasm) 
Craig Dremann, USA (see Potatoes) 
Jan Engels, West Giernrany (see Potatoes) 
W. Hardy Eshbaugh, USA (taxonomy) (see Achira)
 
Jorge A. Galindo, Mexico (see Potatoes)
 
Zaccheaus Oyesiju Gbile, Nigeria (see Potatoes)
 
Heiner Goldbach, West Ge'many (seed storage and germination) (see Potatoes)
 
V.L. Guzman. USA (see Quinoa)
 
Charles B. Heist, Jr., Lepantment of Biology, Jordan Hall 138, Indiana University, Bloomington, 

Indiana 47405, US,. 
J.L. Hudson, USA (see Kiwicha) 
Initernaticnal 	 Board for Plant Genetie Resources (IBPGR). Italy (germplasm information) 

(see Achira) 
C.Antonio Jirrienez Aparicio. Mexico (see Arracacha)
 
Alan M. Kapuler, USA (s5.e Achila)
 
C. Todd Kennedy, ,152 South WestIinster I o., Angeles, California 90020, USA 
Jose A. Laborde Cacixio. Centro de In,.estijaciones Agricolas de El Bajio (CIAB), Unidad 

de Recursos Gjeneticos, Instituto Nacional do Investigaciones Agricolas (INIA), Apartado 
Postal 112, Celaya, U(dnajuato, Mexico 

Jorge Leon, Costa Rica (see Maca) 
W.H. Lilldhout, Institute for Horticultural Plant Breedinqg Instituut voor dE Veredeling van 

Tuinbcuwgewassc. (IV), Posth, 16. Wegeninqci n hL-6700 A. Netherlands 
Janet Long-Solis, Mexico (see Nurw,) 
Cyrus McKLI1, USA (see Potatoes) 
Cesar Morales, USA (lmpoitation t) U.S.) (see Oca) 
Gary Nabhan. USA (see Kiwiclio) 
Roy M, Nakayama, Depatienit of Agronoiiy arid Hortict:irrrc. ''. Mexico State University, 

Las Cruces, Now Mex:co 88003, USA 
Yasuo Ohta, 6C3- 1Q1 akeiono 3 himei -sukuba, Iharaki-ken 305. Japan 
Barbara Picikersgill, I.) partment or Agricultural Botany, University of Reading, Whiteknights, 

Reading RG6 2AS, UK 
E. 	 Pochard, Station d'Amelinration des Pantes Maiaichires, Centre de Recherches 

Agronomiques d'Avignon, Institut National de Ia Recherche Agronomique (INRA), 84140 
Moritavet, Avignon, France 

L. Quagliotti, Italy (see Nunas) 
Rare Fruit Council International, Inc., 13609 Old Cutler Road, Miami, Florida 33158, USA
 
Chris Rollins, USA (see Achira)
 
Elizabeth Schneder, USA (food preparation) (see Yacon)
 
Shao Qjquan, China (see Potatoes)
 
Paul G.Smith, co Departmeit of Vegetable Crops, University of California, Davis, Caifornia
 

95616, USA 
Guillerrno Veliz, USA (importation to 1I.S.) (see Oca) 
Victor Villadolid, Unidad de Recursos Geneticos, Centro Agronomica Tropical de Investigaci6n 

y Ensenariza (CATIE), Turrialba 7170, Costa Rica 
Benigno Villalon, Texas ,\gricultural Experiment Center at Weslaco, 2415 East Highway 83, 

Weslaco, Texas 78596, USA 
Alejo %onder Pahlen, Italy (see Oca) 
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Raymon Webb, USA (see Potatoes) 
Harold F. Winters, 10717 Kinloch Road, Silver Spring, Maryland 20903, USA 

SQUASHES AND THEIR RELATIVES 

Andean Region 

Maria Ines Bez, Estaci6n Experimental Agropecuaria Santiago del Estero, Instituto Nacional 
de Tecnologia Agropecuaria (IN FA), Independencie 34 I, Casilla de Correo 268, Santiago 
del Estero 4200, Argentina 

Cesar Barberan, Ecuador (see Peppers) 
Fernando N.Barrantes Del Agui'a, Peru (germplasm, pathology) (see Achira) 
Andres Contreras M., Chile (gerrr.plasm) (see Oca) 
Bernardo Eraso Silva, Federacion Horto-Fruticola, Calle 37 No. 15-49, Bogots. Colombia 
Alexander Grobman, Peru (germplasn collection) (see Oca) 
Instituto Interamericano de Cooperacion para laAgricultura (IICA), Bolivia (see Mashua) 
Instituto Nacional de Investigaciones Agropecuadas (INIAP), Ecuador (see Achira) 
Juan Jaramillo Vasquez, Colombia (germplasn) (see Peppers) 
Ingo Junge Rodewald, Chile (processing, nutrition) (see Potatoes) 
Ana Maria Miante Alzogaray, Facu!tad de Agrortomi ' Catedra de Botanica, Universidad de 

Buenos Aires, Avenida San Martin 4453. Buenos Aires 1417, Buenos Aires, Argentina 
Patricio Montaldo Blustos, Institucion Produccion y Sanidad Vegetal, Universidad Austral de 

Chile, Casilla 567, Valdivia, Chile ,,re-ColUmbian ood plants) 
Alexander M. Mueller, Colombia (see Kiwicha) 
Carlos Nieto C., Ecuador (see Achira) 
Raul Rios E., Bolivia (see Achira) 
Victor Rodriguez, Instituto Nacional de Investigaciones Agropecuarias (INIAP), Estaci6n 

Experimental "Santa Catalina," Casilla Postal 340, Qu ito. Ecuador 
Raul Salazar C., Colombia (see Peppers) 
Rauil Santana Paucar, Peru (see Mashua) 
Juan Solano Lazo. Ecuador (see Achira) 
Jorge Soria V.,Avenida La Republica 1754, Quito, Ecuador 
Cesar Vasconez Se,'illa, Ecuador (nutritional analysis) (see Kiwicha) 

Other Countries 

Thomas Andres. Department of Plant Breeding and Biometry, Cornell University, Ithaca, 
New York 14853, USA 

Ricardo Bressani Guatemala (nutrition) (see Achiia) 
Neil Delroy, Western Australia Department o Agriculture, Baron-Hay Court, South Perth, 

Western Australia 6151, Australia 
Dick and Annemarie Endt, New Zealand (see Achira) 
Jan Engels, West Germa.,y (see Potatoes) 
Jose F. Esquinas-Alcazar. Italy (see Mauka) 
Michel Fanton, Australia (see Achira) 
Zaccheaus Oyesiju Gbile, Nigeria (see Potatoes) 
Heiner Goldbach, West Germany (seed storage and germination) (see Potatoes)
Doug Grant, Pukekohe Rescaich Station, Department of Scientific and Industrial Research 

(DSIR), Cronin Road, RD I. Pukekohe, New Zealand 
J.L. Hudson, USA (see Kiwicha) 
International Board forPlant Genetic Resources (IBPGR), Italy (germplasm information) 

(see Achira) 
Alan M. Kapuler, USA (see Achira) 
Jorge Leon,Costa Rica (see Maca) 
Janet Long-Solis, Mexico (see Nufias) 
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Barry McGlasson, Division of Food Research, Centre for International Agricultural Research, 
Commonwealth Scientific and Industrial Research Orjlaniation (CSIRO). PO Box 52, 
North Ryde, New South Wales 2113. Australia 

Franklin W. Martin, USA (see Achira) 
Laura Merrick, Depa rlment of Plant and So;l Scien(es. 105 Deerin I lall, (University of 

Maine, Oiono, Maine 04,169, USA 
Henry M. Munger, New York State Agricultural [:sf) ri nert St,:tion. Cornell (iiversity, PO 

Box 462, Geneva. New York 14156. SA
 
Michael Net. New York Botanical Ciardi . Ironx, New York I0,158 "'MO,"lISA
 
Tej Partap. Niejml (mountatin aMi 1rlttfne, geetcll( IeSOLir(:es) (seei ,Ma)
 
tlacin L. Frice, (ISA dimited plcisri avdikrl,) tsee A:hifra
 
R.W. Robinsoi, 'in.rk ,lrte ,,\ tulturai .1xperienint Station, Comell University, Geneva, 

New Yuik I 41S,uSA
 
Chris Rollins, (IS;A (see Achihia
 

/oraljrld 

Raymon Webb. (ISA (see Poiatoes)
 
Thor is W. Whitaker, 25)4 1-.lehntown Road. La Jolla. California 92037, USA
 

W.R. Sykes Ne%% (see Maisitu 

BERRIES 

Andean Region 

Mary Ai rovo) Departarienito It [3otii. FaciitadtIde Cieii cias. (Iriversidad de Ciile, Ave ida 
Bernardo O'figgins 10f1)i. Casilli 10-D, Sarntiajo. Clhile (ahlri) 

Antonio Bccigalupo Chih I01i) Isee P trltot:s)lotis Arcadro Bet:erra Proiri,r U, Frrtales Ftdhrar:ion)r'It i i hrI tIi Caheteo de Colombia, 

Calle 73 No. 8- i 1 Bojota, Cilonibii 
Augusto Car(cf:lh, ,'\r( rtina r 'rd (lifil'ite) (t'.v t nh,:)(i .ogtrg1hy 
Vicente W.D. Casali. Brazil (x, ,n\rr:afrcha) 
Charles R. Clement. lstitriro i(iorl de PR rrja dt/OchArcaizonioa I NPA), ILstrada do Aleixo, 

Caixa Postall 1/8, 'AIna 69 00), Aiionoa . ftHi il (tropical] fruits,) 
Bernaido Fraso Silv. tolnibiw (s,, 'Squashes) 
Fondo National de [nvestjrhli-nnt, 1\lrnlrtrura I (f (-),1"-.AP. Velnezuela (see Achira) 
Jairne Gete CJld,,irn, Chil ill(hni) (xc Lxii) 
JLan 'Ja.iril R., Virie/uiilr (sof, (lli io) 

Maria Inres ionzalez I ritldli Ly i t S A.. rauri'o )74.Forxtil SLJdniirk ,ii Crilan. Chile 
Emilio Gonziilez (onzalez, Chile ((Inai li e Quinua) 
Fabio I'ijuia MoLno,, Colonrrna (lxe Ai rat itlni ) 
Instituto Naciornil de Investigaciones Aoil)( Uid ,r (IIA 0. 1 cuafdur (see Achira)
Miguel Jordan, Laboratrrio d(- Botai , -iit.rltrid -ii. Citiiilcias Biologicas, Pontilicia 

(Iniversidad C(rtoli(a 6, Chil, Vi,n. ,l kern a ,lOf)., rl1 f4 -D. Santiago, Chile 
((Igni) 

Ingo Junge Rodi wald, Chile (pro( is,,ili. fit titirll) (see Potatoes)
 
Latinrei:o S.A., [L(:ador (see Airaca(Ira)
 
Pascual londoho. COl FR(I fAS. Calle 5 No. -19-50. Medellin. Antioquia. Colombia (trade
 

association) 
Lois E. Lopez Jaramillo Colormbhia (see Prtatons) 
Patricio Montaldo Bustos, Chil- (Pre-Ciluibian lood ph ,)nts(see Squashes) 
Eloy Munive Jaurt ori,Peru (see Al ar:a) 
Jaime Osoiio Br doya, Hortilizas y Frenales. Institut Colombiano Agropc-cuario (ICA),

Apartado Aerec 151123. Bogota, Colombia 
Raul Rios :.. Bolivia (see AchiriO 
Raul Salazar C., Colombii (see Pepper sl 
Francisco Sanchez.Jardin Botanico de Colombia, Carrera 66A No 56--84, Bogota, Colombia 
Servicio Nacional de Apreidizaje (S[-NA), Regional Boyacii, Calle 65 No. 11-70, Apartado 

Aereo 9801. Borjota, Colombia 
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Jorge Soria V., Ecuador (see Squashes)

Julio Cesar Toro Meza, Industrial Crops Division, Instituto Colombiano Agropecuario (ICA),


Apartado Aereo 233, Palmira, Valle, Colombia
 
Cesar C. Vargas Calderon, Peru (see Potatoes)
 
Erik von Baer von Lochow, Chile (Ugi) (see Quineo)

Claudio Wernli K., c/o Division Agricola Carozzi, AGROZZI. Camino l ongitudinal Sur 5201,
 

Km. 23, San Bernardo. Santiago. Chile (Jgni) 

Other Countries 

Vichitr Benjasil. Thailand (sueAchira)
 
Edward Cope. Bailey Htoratoriurn, Cornell University. Ithaca, New York 14853. USA
 

(taxonomy)
 
Peter Del Tredici. lie Arnold Arboretum. H,vard University, The Arborway, Jamaica Plain,
 

Massachusetts 02130, USA
 
Arlen D. Draper, c. o Small Fluits [aI), Ajicultulal Resiaa:h Service (ARS), U.S. Department


ot Agriculture (USDA), Beltsville Agilkulturdl ResCMach Center (BARC-\Vest), Beltsville,
 
Maryland 20705. USA
 

Craig Dremann, USA (see Pottoes) 
Michel Fanton, Ausrt alia ,,t.-'\(hira)

Gene Galletta, Snidll Frtuit. Iot -r,toi , A(r it ltuia; 
 Sir (Ak7S)), (.S.

of Agriculture (ISDA). Beltsville A(griciiltniil PR.,e,ii (i (CentrIt( .RC-V.,,I. IeltsvrllY. 
Maryland 2070.5., USA 

Ray Gereau, Missouri ttni C i ddci, P0,[3o\ 1)9.'St. 

Pr's(dhJi ,l Wic 1)epairlent 

I nUi,, Miss,' ii i Iob 0299. USA 
(Rubus taxonomy) 

Harvey K. Hlall. Riwaka Reserui .hSatiei.I)eIM tHIt 0ioh S ieiitilic ii1dIrldistIril Research 
(DSIR). Old Mill Road, RD 3.,tolu'kd,New Zil,rtd (Rkihtisi

Richard A. Idnmilton, Duparl ent ofItlorticultui. I illtite, IrliversityColl.qe ol I roll Ayri 

ot 
Hawaii at Manoa, St. John's Plaint Scice I abotiatoiy PI0P, -1i 10 M,ile Way, IHonolulu. 
Hawaii 96822, USA 

Roy Hart, Riwaka Resear hStation. Depairtent o Scientifri and Industi Research (DSIR),
Old Mill Road, RD 3. Motucka, New Ziland (V iriniumI 

David Himelrick, 84 List Maiir Sheet, Silver Cieek. Nik York 11130). USA 
J.L. Hudson, USA (see Kiwicha) 
Gojka Jelenkovic. )epitmcrt of Iloiticultmue inid I!Ore.11r, RutgerIs (Iniveisity. P0 Box 

2101, New frunswick. New Jersey 08903, (ISA (V,icciniajil)
Derek 	Leonard Jenningls, kledway Fruits. 'Cliton loney [Lanre Otham, Maidstone. Kent 

ME13 4RJ, UK (Rirs) 
C. Antonio Jimenez Aparicio, Mexico (see Arracanch)
G. Linsley- Noakes, Fruit and Fruit Fechrinologv Resea r h Institute, Department ofAgriculture

and Water Supply, Private ig X5013, Stellenbosch 7600, South Africa (Rubus, 
Vacciniur-n) 

Professor Lidders, In fur Nrutzpllanzenlotschung, feel icheisr Univer sitat Berlin. Factibereich 
15--Ostbau, Albrecht-Thaer-\Veg 3,Berlin 33, West Genwrarn 

Cyrus McKell. USA (see Potatoes)
Julia F. Morton. Morton Collectanua, University ot Miani. P0 Box 2111204, Coral Gables, 

Florida 33124, USA (general information) 
Tej Partap, Nepal (Mountain agricuIture, genetic resoui:es) (see Mac") 
Rare Fruit Council International, Inc,, USA (see Peppers)
Jorge Rcdriguez A., Centro de I ruticultura, InstitucionL ,nsenarria e Investigacion en Ciencias 

Agricolas Colegio de Postrraduados, Montecillos, Chapingo, IEstado de Mexico 56230, 
Mexico (Rubus) 

Chris Rollins, USA (see Achira)
 
Richard E. Schultes, USA (ethrnobotany) (see Achira)
 
Steven Spangler, USA (see Achira)
 
Harry Jan Swartz, College of Agriculture, University of Maryland, College Park, Maryland 

20742, USA 
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W.R. Sykes, New Zealand (Ugni) (see Mashua)
 
Victor A. Wyine, Hait! Seed Store - Wynne Farm, PO Box 15146, Petion-Ville, Haiti
 

CAPULI CHERRY 

Andean Region 

Emilio Barahona Chura, Cornponente Forestal de la Microregi6n de Juliaca, Instituto 
Nacional Forestal y de Fauna (INFOR), Juliaca. Puno, Peru 

Vidal Bautista, Programa de Frutales, Facultad de Agronomia, Universidad Nacional Agraria
(UNA), Apartado 456, La Molina, Lima 100, Peru
 

Hernan Caballero, Ecuador (see Quinoa)

Jos& Calzada Benza, Cervecena San Juan, Pucallpa, Peru
 
Raul 0. Castillo T., Ecuador (see Ahipa)
 
S.A. Centauro. Apartado 1088, Lina 100. Peru 
Bernardo Eraso Silva, Colombia (see Squashes)

Jorge Fabara, Corporaci6n Ambiente y Desarrollo (AMDE), PO Box 632, Ambato, Ecuador
 
Andres Miguel Hlatky Hernandez, Ecuador (see Arracacha)
 
Miguel Holle, Peru (see Arracacha)
 
Institu.o Nacional de Investigaci'ines Agropecuarias (INIAP), Ecuador (see Achira)

Ricardo Jon Llap, Investiqaciori y Capacitacion Forestal v de Fauna (CENFOR VII), Instituto
 

Nacional Forestal y de Fauna (INFOR), l-luancayo, Peru 
Patricio Montaldo Bustos, Chile (pre-Co!umbian ficJ plants) (see Squashes) 
Eloy Munive Jauregui, Peru (see Maca) 
Gladys Navas de Alvarado, Ecuador (nutritional analysis) (see Kiwicha) 
Carlos Nieto C., Ecuador (see Achira)
David Ocaha Vidal, lnvestigaci6n v Capacitacion Forestal y de Fauna ICENFCR iii), Instituto 

Nacional Forestal y de Fauna (INFOR), Huaraz, Peru 
Jose Pretell Chiclote, Proyecto Reforestacion Piloto en Cajamarca (CENFOR II), Instituto 

Nacional Forestal y de Fauna (INFOR), Cajaniarca, Peru 
Carlos Roersch, Peru (see Mashua) 
Jaime Rojas. Ecuador (see Nunas) 
Raul Salazar C.. Colombia (see Peppers) 
Francisco Sanchez, Colombia (see Berrict,) 
Isidoro Sanchez Vega, Peru (see Arracacha) 
Juan Solano Lazo, Ecuador (see Achira) 
Jorge Soria V., Ecuador (see Squashes) 
Cesar Vasconez Sevilla. Ecuador (nutritional analysis) (see Kiwicha) 
Rebeca Vega de Rojas, Ecuador (see Arracacha) 

Other Countries 

Gilles Bourgeois, Canada see Basul)
Ferdinando Cossio, Istituto Sperimentale di Frutticoltura, Amministrazione Provinciale di 

Verona, Via San Giacomo 25, Verona 37135, Italy
Peter Del Tredici, USA (germplasm) (see Berries) 
Dick and Annemarie Endt, N:;w Zealand (see Achira) 
Gojka Jelenkovic, USA (see Berries) 
Steven R. King, USA (ethnobotany) (see Achira) 
Richard McCain, USA (horticulture) (see Yacon) 
Rogers McVaugh, Department of Biology, University of North Carolina, Coker Hall 

CB# 3280, Chapel Hill, North Carolina 27599, USA (taxonomy)
Simon E. Malo, Escuela Agricola Panamericana (Zamorano), Casilla Postal 93, Tegucigalpa, 

Honduras 
Martin L. Price, USA (limited germplasm available) (see Achira) 
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Antonino Raimondo, Istituto de Coitivazioni Arboree, Universita c'egli Studi - Palermo,
c'o Universita degli Studi, Piazza Marina 61, Palermo 90128, Italy
 

Rare Fruit Council International. Inc,, USA (see Peppers)
 
Jorge Rodriguez A., Mexico (see Berries)
 
Chris Rollins, USA (see t chira) 
S!'o Qiquan, China (see Potatoes) 
Claude Sweet, Horticulture Department T-6, MiraCosta College, One Bernard Drive, 

Oceanside, California 92056, USA 
l.juis Trap, New Zealand (bee Ahipa) 

ClHERIMOYA 

Andean Region
 

Antonio Bacigalupo, Chile (see Potatoes)
 
Vidal Bautista, Peru (see Capuli Che.ry)
 
Hernan Caballero, Ecuado- (see Quinca)
 
Augusto Cardich, Argentina (geography and climate) (see Achira)
 
Charles R. Clement, Brazil (tropical fruits) (see BeirieF)
 
M. J. Duran, Departament. de Fitotecnia, Universidad Nacional Agraria (UNA), Apartado 

456, La Molina, Lima 100, Peru 
William Edwardson, Colombia (see Quinca) 
Bernardo Eraso Silva, Colombia (see Squashes) 
Jorge Fabara, Ecuador (see Capuli Cherry)
Fondo Nacioral de Investigaciones Agropecuaiias (FONAIAP), Venezuela (see Achira)
Francisco Cardiazabal. Escuela de Agronomia, Universidad Catolica de Valparaiso. Avenida 

Brasil 2950, Casilla 4059, Valparaiso, Chile 
Instituto Nacional de Investigaciones Agropecuarias (INIAP), Ecuador (see Achiraj 
Miguel Jordan, Chile (cropping) (see Berries) 
Juan Leon F., Programa Fruticultura, Estac16n Experimental Tumbaco, Irstituto Nacional 

de Investigaciones Agropecuarias (INIAP), Avenida Eloy Alfaro y Amazonas, Casilla 2600, 
Quito, Ecuador (horticulture and germplasm) 

Miguel Moran Robles Laboratoria de Biotecnologia, Departamento de Fitotecnia, Facultad 
de Agionomia, Universidad Nacional Agrarla (UNA), Apartado 456, La Molina, Lima 
100, Peru 

Francisco Rhon Davila. Ecuador (see Maca)
 
Paul Rios E.. Bolivia (see Achira)
 
Emilio Rojas Mendcza, Peru (see Maca)
 
G. 	Rosenberg, Escuela de Agronomia, Universidad Cat6lica de Valparaiso, Avenida Brasil 

2950, Casilla 4059, Valparaiso. Chile 
Isidoro Sanchez Vega, Peru (see Arracacha) 
Fernando Santa Cruz-B., Casilla 73, La Cruz, Chile (grower) 
Jorge Soria V., Ecuador (see Squashes)
Luis Torellis, Escuela de Agronornia, Universidad Cat6lica de Valparaiso, Avenida Brasil 

2950, Casilla 4059, Valparaiso, Chile 
Julio Cesar Toro Meza, Colombia (see Berries)
Francisco A. Vivar C., Jardin Botnico "Reinaldo Espinosa," Facltad de Ciencias Agricolas, 

Universidad Nacional de Loja, Casilla Letra B, Loja, Ecuador 

Other Countries 

David Austen, Exotic Nurseries, Larmar Road, RD # 1, Kaitaia, New Zealand 
A.G. 	Banks, Maroochy Horticultural Research Station, Department of Primary Industries, PO 

Box 5083, Sunshine Coast Mail Center, Nambour, Queensland 4560, Australia (atemoya) 
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Robert [Barnumi Possun i lotI~ lsV 'M S.W. ~ 4hSti ( t. ii i FfIoi di 3' 187, 
UiSA (cFwrinioya wd ctlimovii) 

FBoxet-Lerier, 208 K 76111)1 i iFFierl' Rt-111lovo , /(i. IU~i I )p)iqddItI. i 4ds 
Ricaido [3re srii (riiitritiiiri I' M1fl(Jiitelaii A.( 
TonyV brown, ( lifuii Ifo(pit . ROWth10BIotd '!tdt COI Olti()n. fM3jtO (>-,td FdSS Road. 

(arpItITWIlid. ( LIh11iiii (1 H. (! 
(.dll G~limpheiI lI~btitiil( (A, fi)oj id A, if Llltil L,, ii t-, (11 ASI, (lwiit-r-,.y of Floida, 

I-ro( al 'II on d Il mi ori~ t,;ttI ( I Rl ( i. l rI o I honda .i )0l, U SA 
FOni- (his W( Ii 01111'I~ay, N,,\\, /iiliid 0Ii po.It'II lLurinila tliltifli~liI 
Stuairt N JaDIMCs,IN~T,1W0ii lf Itli 'Iir~ i 0!oij ~-1111n11Clt . ld lot( !J't)ll if andC 

tIfdUstroilj Ru>oan I l)SINxi. liiN~dtl ta Ali,klrid N /(ualtirtd 

Mowiiiii C, . l-Iustaiid (it ild 'to St OHtIVtiity CalI10rr11,01iiiii .tiidl ( 111 Itti I 01 

Dhick and Amwittiitl, tit i .A ',,iwid h(-i him, 
Wv. FFaithFihotlCIS v hifj) 

JOs,- is ,taIIww t x -mi it'll Ia'i 't. (I1krtivt At dr t'taloti, AlgmdioFbd Costa, 

Mi,] I i ii 'il ii~o ~ w id IA im .ii 

C- i'Ih ,llif ] 7ih ')v wit 1)0)t j~(ii ;tl lvi(t'[(-ii'MC' 

Ferri i(iit llI ii- ii.. - ivIt . (Iltuhi- Nfiiltv AHdiliiW t'i 1, P(SAox il~ai 
1

Aldtft lilutil , ih/ Ivi, 11,11 lmi-,f k- iji 1 .j-iii- Si- Pinsi Pdj c~rCdl t 

0)ie~ ~ ) ~iii ih F -I Mill . liii Iiilltlitlii i nd 1'tliiF LI',tli ()t0ll 

F-FsiriAl 1 IIII Ii)s 1tii 1F ~ liilA~iUIIdidi1 FI:It K ,~r '11itt11tn i'i0 

:!llk H-hiri Jll ,li dll]Ii.2i+ iiqm l"livlii F i ~iI Ftvai (;I ,!r I uS f'lkioUILN Su ,rr i\V 

Ra Priitii , [I r l It-iititil r : J 3\ (vjii Flpj t~ 

l i il-f 'j i ,- A53.(Slililtciiii'vil> 

j 8 3V&I 

RictIwidFC I l al Ili
ll PGjM,O Sib F11 (iiv al(-t.'.Ni hoi r.iO t, i ldetii.F460 A strali 

Sei(Tqeif . FI ((rdr 29:], L MisourEsill 11(11o, I', Fiotaitci(63166i s 

0299M (IS ji ilti1 iiit'f F ,," ('lr i) odflrn
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CA. Schroeder, USA (see Ahipa)
 
Steven Spangler, USA (see Achira)
 
Claude Sweet. USA (see Capuli Cherry)
 
W.R. Sykes, New Zealand (see Mashua)
 
Lou's Trap, New Zealand (see Ahipa)
 
Richard Valley, USA (grower) (see Oca)
 
Benjamin H.Waite, USA (see Oca)
 

GOLDENBERRY
 

Andean Region 

Segundo Alandia, Bolivia (pathology) (see Mashua)
 
David Baumann, Instituto Rural Vallegrande, Avartado 70, Cafiete, Peru
 
Andres Contreras M., Chile (germplasm) (see Oca)
 
Orlando Cortes, Departamento Acaudemicoide Agricultura, Universidad Nacional de San
 

Antonio Abad del Cusco (UNSAAC), Apartado 921,Cusco, Peru 
Hernn Cortds Bravo, Peru (see Oca) 
Carmen E.B. de Rojas, Venezuela (see Peppers) 
Juan Gaviria R., Venezuela (see Ulluco) 
Fabio Higuita Muhoz, Colombia (see Arracacha) 
Instituto Nacional de Investigaciones Agropecuarias (INIAP), Ecuador (f ee Achira) 
Mario Lobo, Colombia (see Peppers) 
Luis E. Lopez Jarami;16, Colombia (Solanaceae) (see Potatoes) 
Miguel Moran Robles, Peru (see Cherimoya) 
Modesto Soria V., Batate, Estado Tunourahua, Ecuador (grower) 
Julio Cesar Toro Meza, Colombia (see Berries) 
Ramijo Velastegui, Ecuador (pathology) (see Tarsi) 

Other Countries 

Gregory J. Anderson, USA (ethnobotany arid taxonomy) (see Achira) 
Suzanne Ashworth, USA (see Kiwichal 
John E. Averett, National Wildflower Research Center, 2600 FM 973 North, Austin, Texas 

78725. USA 
Lynn A. Bohs, USA (see Arracacha) 
Gilles Bourgeois, Canada (see Basul) 
M. 	 Bureau et fils, 5, rue Hutte. La Possoniere, St. George sur Loire F-49170 France 

(nurserymen) 
G. Burge, New Zealand (see Oca)
 
Carl Campbell, USA (see Cherimoya)
 
George B.Chibiliti, Zambia (see Kiwicha)

Alan Child, Ryburn, 
30 Middle Street, Nafferton, Driffield, East Yorkshire Y02 50JS UK 

(Solanaceae) 
Roy Danforth, BP 1377, Bangui, Central African Republic 
W.G. D'Arcy, USA (see Potatoes)
 
Stuart N. Dawes, New Zealand (see Cherimoyal
 
William Doty, USA (germplasm) (see Peppers)
 
Craig Dremann, USA (see Potatoes)
 
Dick and Annemarie Endt, New Zealand (see Achira)
 
Jan Engels, West Germany (see Potatoes)
 
Hector E. Flores, USA (tissue culture, phytochemistry) (see Kiwicha)
 
Heiner Goldbach, West Germany (seed storage and germination) (see Potatoes)
 
Richard A. Hamilton, USA (see Berries)
 
Doug Hammonds, Turners and Growers, Auckland, New Zealand (fruit export)
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Hawaiian Fruit Preserving Company, Limited, PO Box 637. Kalaheo, Kauai, Hawaii 96741, 
USA jruit products) 

Don Hudson, Chewonki Foundation, Wiscasset, Maine 04578, USA 
Nancy Jarris, University of CLiifrnia Extension Service, Suite 200, 2175 The Alameda, San 

Jose. California 95126, USA 
Alan M. Kapuler, USA (see Achira) 
Kenya Orchards Limited, Mau Hills, Machako District, Kenya (commercial production) 
David J. Klinac, Ruakura Soil and Plant Research Station, Ministry of Agriculture and 

Fisheries (MAF), Private Bag, Hamilton, New Zealand 
G.Linsley-Noakes, South Africa (see Berries)
 
Professor Ludders, West Germany (see Berries)
 
Janet S. Luis, Philippines (see Potatoes)
 
Richard McCain, USA (horticulture) (see Yacon)
 
D.A.Miller, Horticultural Advisory Service Experimental Station, Longue Rue (Burnt Lane), 

St. Martin's, Guernsey, Channel Islands, UK 
Henry Y. Nakasone, St. John's Plant Science Laboratory # 102, Department of Horticulture, 

College of Tropical Agriculture, University of Hawaii at Manoa, 3190 Maile Way, Honolulu, 
Hawaii 96822. USA 

Michael Nee, USA (see Squashes)
 
John P. Ogier, Exotics Group, Horticultural Advisory Service Experimental Station, Longue
 

Rue (Burnt Lane), St. Martin's, Guernsey, Channel Islands, UK 
John Palmer, New Zealand (see Ahipa) 
Dov Pasternak, Israel (see Potatoes) 
Kevin Patterson, New Zealand (see Achira) 
Jean-Yves Peron, DeparI ent of Vegetable and Seed Crops, National Institute for Horticulture 

Science (E.N.I.T.A.H.), 2, Rue leN"otre, Angers 49045, France (germplasm) 
Martin L. Price, USA (limited gerroplasto available) (see Achira) 
Rare Fruit Council International, Inc.. USA (see Peppers) 
John M. Riley. USA (general intormatiort, germplasm) (see Oca) 
Chris Rollins, USA (see Achira) 
Elizabeth Schneider, USA (food preparation) (see Yacoo) 
C.A. Schroeder, USA (see Ahipa)
 
Steven Spanglei, USA (see Achira)
 
Janet Sullivan, Department of Botany, University of New Hampshire, Nesmith Hall, Durham,
 

New Hampshire 03824-3597, USA 
Claude Sweet, USA (see Capuli Cherry) 
W.R. Sykes, New Zealand (see Mashua)
 
Loreti Toomey. 24791 Belgreen Place, LI Toro, California 92630, USA
 
Louis Trap, New Zealand (se- Ahipa)
 
Benjamin H. Waite, USA (see Oca)
 
F.H. 	Wood, Ruakura Soil and Plant Research Station, Ministry of Agriculture and Fisheries 

(MAF), Private Bag, Hamilton, New Zealand 

HIGHLAND PAPAYAS 

Andean Region 

Segundo Alandia, Bolivia (pathology) (see Mashua) 
Victor M. Badillo, Facultad de Agronomia, Universidad Central de Venezuela, Apartado 

4579, Maracay, Estado Aragua 210 1, Venezuela (taxonomy) 
Cesar Barberan, Ecuador (see Peppers) 
Herndn Caballero, Ecuador (see Quinoa) 
Saul E. Carnacho B., Instituto Colombiano Agropecuario (ICA), Apartado Aereo 233, Palmira, 

Valle, Colombia 
Carmen E.B.de Rojas, Venezuela (see Peppers) 
Cesar del Carpio Merino, Peru (see Achira) 
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Bernardo Eraso Silva, Colombia (see Squashes) 
Jorge Fabara, Ecuador (see Capuli Cherry) 
Ramon Ferreyra, Museo de Historia Natural "Javier Prado," Avenida Arenales 1256, Lirna, 

Peru 
Fondo Nacional de Investigaciones Agropecuarias (FONAIAP), Venezuela (see Achira) 
Juan Gaviria R., Venezuela (see Ulluco) 
Joy C. Horton Hofmann, Ecuador (see Achira) 
Insituto Naciond de Investigaciones Agropecuarias (INIAP), Ecuador (see Achira) 
Miguel Jordan, C,,i!e (cropping) (see Berries) 
Mario Lobo, Colonlia (Carica cr ,ssifolia) (see Peppers) 
Miguel Moran Roble\. Peru (see Cherornoya) 
Laura Muhoz Espin, E.,jador (see Arracacha) 
Raul Rios E., Bolivia (s", Achira) 
Victor Rodriguez, Ecuad6,\'see Squashes) 
Jaime Rojas, Ecuador (see ,hunas) 
Isidoro Sanchez Vega, Peru s-e Arracacha) 
Jorge Soria V., Ecuador (see Squashes) 
Modesto Soria V., Ecuador (grower, hybrids) (see Goldenberry) 
Julio Cesar Toro Meza, Colombia (see Berries) 
Rebeca Vega de Rojas, Ecuador (tissue culture) (see Airacacha) 
Ramiro Velastegui, Ecuador (pathology) (see Tarwi) 

Other Countries 

David Austen, New Zealand (hybrids) (see C-,rimoya) 
Robert Barnum, USA (see Cherimoya) 
Gilles Bourgeois, Canada (see Basul) 
G. Burge, New Zealand (see Oca)
 
Carl Campbell. USA (see Cherimoya)
 
Ferdinando Cossio, Italy lgermplasm) (see Capuli Cherry)
 
John Couch, Strybing Aboretum. Golden Gate Park, 9th Avenue at Lincoln Way, San
 

Francisco, California 94720, USA (germplasm) 
Stuart N. Dawes, New Ze-aland (see Cherimoya) 
William Doty, USA (germplasm) (see Peppers) 
Dick and Annemarie End(, New Zealand (see Achira) 
W. Hardy Eshbaugh, USA (see Achira)
 
Michel Fanton, Australia (see Achira)
 
Enrique Forero. Missouri Botanical Garden, PO Box 299, St. Louis, Missouri 63166-0299,
 

USA 
Phil and Georgie Gardener, (:,'o P.O. Opua. Bay of Islands, New Zealand (hybrids) 
F. Gazit, Israel (see Cherimoya) 
Zaccheaus Oyesiju Gbile, Nigeria (see Potatoes) 
Jane Harman, Division of Horticulture and Processing, Postharvest Physiology, Department 

of Scientific and Industrial Research (DSIR), Mount Albert ResearcI Centre, 120 Mt. 
Albert Road, Private Bag, Auckland, New Zealand 

Ernest P. Imle, 10802 Bornedale Drive. Adelphi, Maryland 20783, USA 
Sherry Kitto, Department of Plant Science, University of Delaware, Newark, Delaware 19716

1303, USA (tissue culture) 
Robert Knight, Agricultural Research Service (ARS), U.S. Department of Agriculture (USDA), 

13601 Old Cutler Road, Miami. Florida 33158, USA 
Richard E. Litz, University of Florida Research Station, University of Florida, Homestead, 

Florida 33030, USA (tissue culture) 
Paul Loo, Plantek International, #04-01A, Block 14, Lee Maxwell, Science Park Drive, 

Singapore 0511. Singapore (tissue culture) 
Richard M,:Cain, USA (horticulture) (see Yacon) 
Cyrus McKell, USA (see Potatoes) 
D.A. Miller, UK (see Goldenberry)
 
Henry Y. Nakasone. USA (see Goldenberry)
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John P. Ogier, UK (see Goldenberry)
 
John Palmer, New Zealand (see Ahipa)
 
Martin L. Price, USA (see Achira)

Rare Fruit Council International, Inc., USA (see Peppeis)
 
CA. Schroeder, USA (see Ahipa)
 
Shao Qjquan, China (see Potatoes)
 
Steven Spangler, USA (see Achia)
 
Claude Sweet, USA (see Capuli Cherry)
 
John Swift, USA (see Yacon)
 
W.R. Sykes, New Zealand (see Mashua)
Louis Trap, New Zealand (see Allipa)
Francisco Vasquez, Tropical Agricuiwre Research Station, U.S. Department of Agriculture

(USDA), PO Box 70, Mayaguez, Puerto Rico 00789, USA
Francis Zee, Hawaii Branch Statioi, Beaumont Agricultural Research Center, University of

Hawaii, College of Tropical Agriculture, 461 West Lanakaula Street, Hilo, Hawaii 96720
4094, USA (clonal variation and propagation) 

LUCUMA 

Andean Region 

Vidal Bautista, Peru (bibliography available) (see Capuli Cherry)

Jorge Bermudez, Departarnento Fitotecnia, Universidad Nacional Agraria (UNA), Apartado


456, La Molina, Lima 100, Peru 
Jose Calzada Benza, Peru (see Capuli Cherry)
Cesar del Carpio Merino, Peru (see Achira) 
Ramon Ferreyra. Peru (see Ilighland Papayas)
Wilma Freire, Ecuador (nutrition) (see Potatoes) 
Jaime Gaete Calderon, Chile (see Basul) 
Miguel Jordan, Chile (cropping) (see Beries)
Patricio Montaldo Bustos, Chile (pre-Colurmbian ood plants) (see Squashes)
Miguel Moran Robles, Pelu (see Cherirloyd)
 
Laura Munoz Espln, Ecuador (see Arracarchal
 
Emilio Rojas Mendoza, Peru (see Maca)
 
Raul Salazar C., Colombia (see Peppers)

Fernando Santa Cruz-B., Chile (grower) (see Chelirroya)
 
Cesar C. Vargas Calderon, Peru (see Potatoes)
 

Other Countries 

Robert Barnum, USA (see Cherimuya) 
Gilles Bourgeois. Canada (see Basul)
Jesfis Axayacatl Cuevas Sanchez, Departarnento de Fitotecnia, Universidad Aut6noma 

Chapingo, Chapingo, Estado de Mexico 56230, Mexico 
Stuart N. Dawes, New Zealand (see Cherimoya)
Dick and Annemarie Endt, New Zealand (see Achira) 
Michel Fanton, Australia (see Achira)
 
Richard A. Hamilton, USA (see Berries)
 
Professor Ludders, West Germany (see Berries)

Simon E. Malo, Honduras (see Capuli Cherry)

T.D. Pennington, UK (taxonomy) (see Chcrimoya) 
CA. Schroeder, USA (see Ahipa)
Steven Spangler, USA (see Achira) 
Louis Trap, New Zealand (see Ahipa) 
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NARANJILLA (Lulo) 

Andean Region 

Carlos Bueno, Instituto Nacional de Pesquisas da Amaz6nia (INPA), Estrada do Aeixo, Caixa 
Postal 478, Manaus 69.000, Amazonas. Brazil 

Hernan Caballero. Ecuador (see Quinoa) 
Saul E. Camacho B., Colombia (see Highland Papayas) 
Saul Comacho, I torticultura Modcrria, AParado Aereo 20236, Cair. Colombia 
Carmen E.B. de Rojas, Venezuela (see Peppers) 
Edgar Ivan Estrada, Colombia (see Ollluco) 
Michael Hermann. Peru (see Achia) 
Miguel 11olle. Peru (see Arracdjha) 
Joy C. Horton Hofmann, Ecuador (see Achira) 
Instituto Nacioral de Investigaciones Agropecuarias (INIAP), Ecuador (see Achira) 
Mario Lobo, Colombia (see Peppers) 
Lois E. Lopez Jaramillo. Colombia (Solanaceae) (see Potatoes) 
Miguel Moran Robles. Peru (see Cherrlroya) 
Gladys Navas de Alvarado, Ecuador (nutritional analysis)I see Kiwichal 
Jose Otocar Reina Barth, Colombia (srr,'ll-scale production) (see Afracacha) 
Victor Rodriguez, Ecuador (s,:e Squatlres) 
Jorge Soria V, Lcuador (set Squashes) 
Julio Cesar loo Meza, Colombia (see erues) 
Rebeca Vega de Rojas, E-cuador (see Arracaiha) 
Rarniro Vel;steui, Luador (pathology) (see larwi) 

Other Countries 

Robert Barurn. LISA (see Cherimova)
 
A t3enzioni. Boyko Institute, Lnst David Bergmann Campus, Ben-Gurion University of the
 

Negev, PO Box 1025, Beer-Sheva 841110. Israel 
Lynn A. Bohs, LISA (see Aracacha) 
Ricardo Bressarii, (juaterrlah( nutrition) sue Achira 
Carl Campbell. (ASA (see ChierirrIoya) 
Alan. Child, UK (Solaria(ear ) (set Goldt ,.r ¢y 
W.G. D'Arcy. LISA (set Potatoes)
 
Romuln Davilde, College ol A(jrin ultur, LIiveisity of the Philippines at Los Banos, Los
 

Banos, Philipp)es(, rrirnato(ides) 
Stuart N. Dawes. New Zealand (see Cherimoya) 
F.G. Dennis. Jr.. Department ol Hlorticulture, College of Agriculture, Michigan State University, 

Plant arid Soil Sciences Buildinq, Last I ansir . Miciarn 48824-1325, USA 
William Doty. USA (germplasnl (sec Pepperts 
Craig Dremarm,IUSA (see Potatoe) 
Dick and Annemarie Endt, New Zealand (-re Actrira; 
Jan Engels, West Germany (see Potatoes) 
W. Hardy Eshbaugh. USA (see Achira)
 
William Charles Evans. (K (see Potatoes)
 
Heiner Goldbach, West Germany Is ed storage arid grr nination) (see Potatoes)
 
BW.W. Grout. UK (see Achira)
 
Richard A. Hamilton. USA (see Berries)
 
Kathleen Haynes, USA (see Potatoes)
 
Charles B. Heiser, Jr., USA (see Peppers)
 
,?.iy Hcnkel. USA (pioneer co!or.ization) (sce Achira)
 
J.L. Hudson. USA (see Kiwicha)
 
Ron Hurov, USA (see Mashua)
 
Nancy Jarris, USA (see Goldenberry)
 
Alan M. Kapuler, USA (see Achira)
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John (Jack) Kelly, Department of Horticulture, Michigan State University, East Lansing,
Michigan 48824-1112, USA 

Brian R. Kerry, Entomology and flematology Department, Crop and Environmental 
Protection Division, Rothamsted Experimental Station, Harpenden, Hertsfordshire AL5 
2JQ, UK 

Richard E. Litz,USA (tissue culture) (see Highland Papayas)
 
Richard McCain, USA (horticulture) (see Yacon)

Franklin W. Martin, USA (see Achira)

S. Mendlinger, Boyko Institute, Ernst David Bergmann Campus, Ben-Gurion University of

the Negev, PO Box 1025. Beer-Sheva 84110, Israel 
Michael N.e,USA (see Squashes) 
John Palmer. New Zealand (see Ahipa) 
Day Pasternak, Israel (see Pot.toes)
Martin L. Price. USA (limited germplasrn available) (see Achira)
Rare Fruit Council International, Inc., USA (see Peppers) 
Herman Real, USA (tropical ecosystems) (see Cherimoya)
John M. Riley, USA (general information, germplasm) (see Oca) 
Chris Rollins, USA (s2e Achira)
Elizabeth Schneider, USA (food preparation) (see Yacon) 
C.A.Schroeder, USA (see Ahipa)
Richard E. Schultes, USA (ethnobotdny) (see Achira)

Steven Spangler, USA (see Achira)
 
Claude Sweet, USA (see Capuli Cherry)

W.R. Sykes, New Zealand (see Mashua) 
Louis Trap, New Zealand (see Ahipa)
 
Benjamin H,Waite, USA (see Oca)
 
Victor A. Wynne. Haiti (see Berries)
 

PACAY (Ice-Cream Beans) 

Andean Region 

Rodrigo Arce Rojas, -erbario Forestal, Facultad de Ciencias Forestales, Universidad Nacional
Agraria (UNA),Centro de Datos Para La Conservacion. Apartado 156, La Molina, Lima 
100, Peru 

Daniel G.Debouck, Colombia (see Kiwicha) 
Marc Dourojeanni. Peru (see liasul 
Erick C.M. Fernandes, [ropical Soils Research Program, Department of Soil Science, North

Carolina State University, Proqrarma de Suelos Tiopicales, Estacicn Experimental
Yurimaguas. Yurimaguas, Loreto, Peru (integrated tarriing in humid tropics, germplasm)

Jaime Gaete Calderon, Chile (see Basul)
Patricia Gomez Andrade. Heibario Nacional, Museo Ecuatoriano de Ciencias Naturales,

Casilla 8976 Sucre 7. Quito. Ecuador (fruit ty.es
lns.ituto Nacional de Investigaciones Agropecuaria. (INIAP), Ecuador (see Achira)
Shirley Keel, Peru (botany) (see Basulb 
Miguel Moran Robles, Peru (see Cherirnoya) 
Alexander M. Muell., Colombia (see Kiwicha) 
C. Percy Nurnez Vargas, Peru (see [3asul)
Isaac C. Peralta Vargas. Peru (-ee l3asrul)
Carlos Reynel, Facultad de Ciencias Forestales, Universidad Nacional Agraria (UNA).

Apartado 456. La Molina, Lirna 100, Peru 
Manuel Rios, Peru (forestry) (seBasul)
Angel Salazar. Proyecto Agroforestal, North Carolina State University. Programa de Suelos 

Tropicales. Estacion Lxperimental Yurimaguas. Yurimaguas, Loreto. Peru (germplasm)
Jose Gabriel Sanchez Vega, Peru (see Basul) 
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Lawrence Szott, Tropical Soils Research Program, Department of Soil Science, North 
Carolina State University, Programa de Suelos Tropicales, Estaci6n Experimental 
Yurimaguas, Yurimaguas, Loreto, Peru (germplasm) 

Other Countries 

Robert Barnum, USA (see Cherimoya) 
Jose R. Benites, Tropic.ol Soils Research Program, Department of Soil Science, North 

Carolina State University, Raleigh, North Carolina 27695, USA 
Lynn A. Bobs, USA (see Arracacha) 
Gilles Bourgeois, Canada (see Basul) 
James L. Brewbaker, USA (see Basul) 
Leslie Brownrigg, USA (indigerous systems) (see Achira) 
Gerardo Budovski, United Nations University for Peace. PO Box 199-1250, Escazu, Costa 

Rica 
Centroamericana de Setillas, Honduras (see Kiwicha) 
Dick and Annemarie Endt, New Zealand (see Achira) 
Michel Fanton, Australia (see Achira) 
Enrique Forero, USA (see Highiand Papayas) 
Zaccheaus Oyesiju Gbile, Nigeria (see Potatoes) 
Nancy Glover. USA (see Basul) 
Richard A. Hamilton, USA (see Berries) 
Ralph J. Hervey. Costa Rica (see Basul) 
Suzanne Koptur. Department of Biology, Florida International University, Miami Florida 

33 199. USA 
Jorge Leon, Costa Rica (see Mac:a) 
Richard McCain. USA (horticulture) (:ee Yacon) 
Simon E.Malo, Honduras (see Capuli Cherry) 
Yosel Mizrahi, Institute of Applied Research and Department of Biology, Ben-Gurion University 

of the Negev,PO Box 1025, Beer-Sheva 84110. Israel 
William L. Nelson, Pa(ifi(- ista, California 92010,Iree Farms, 4301 Lynnwood Drive. Chula 


USA
 
A. Nerd, Boyko Institute, Lrist David Bergmann CatpuILS, Beo-Gurion University of the 

Negev, PO Box 1025, [Heer-Shevd 84110, Istdel 
Dov Pasternak, Israel (see Potatoes)
 
Charles Peters, USA (see Oca)
 
Michael Pilarski, USA (reforestation and ite (rops) (see Basul)
 
Antonio M. Pinchinat, St. Lucia (see Basul)
 
De Lourdes Rico-Arce, Botany Department c/405, (General (letbarium, British Museum
 

(Niatural History), Cromwell Road, London SWY 5BD, UK (taxonomy) 
Chris Rollins, USA (see Achira) 
P, dro A Sanchez, USA (integrated farming in humid tropics) (see Basul) 
Eduardo C. Schrodei, USA (rhizobia) (see Basul) 
C A. Schroeder, USA (see Ahipa) 
Richard E. Schultes, USA (ethnobotany) (see Achira) 
W.R. Sykes. New Zealand (see Mashua) 
James L Zarucchi,USA (see Basul) 

PASSIONFRUITS 

Ardean Region 

Hernan Caballero, Ecuador (see Quinoa)
 
Andres Contreras M., Chile (germplasrn) (see Oca)
 

http:Tropic.ol
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Jo~o LOcio de Azevedo, BioPlanta do Brazil, Caixa Postal 1141, Campinas Sao Paulo 
13.100, Brazil (mycorrhiza, tissue culture) 

Cesar del Carpio Merino, Peru (see Achira)
Bernardo Eraso Silva, Colombia (see Squashes)
Linda Albert de Escobar, Departamento de Biologia, Universidad de Antioquia, Apartado

Areo 1226, Ciudad Universitaria, Medellin, Antioquia, Co,)rbia (germplasm, economic 
use, and taxonomy)
 

Jorge Fabara, Ecuador (see Capuli Cherry)

Fondo Nacional de Investigaciones Agropecuarias (FONAIAP), Venezuela (see Achira)

Juar Gaviria R., Venezuela (see Ulluco)

Institu'o Nacional de Investigaciones Agropecuarias (INIAP), Ecuador (see Achira)

Pascual Londolo, Colombia (trade association) (see Berries)
 
Sady Majino Bernardo, Peru (see Arracacha)

Miguel Moran Robles, Peru (see Cherimoya)
 
C. Percy Nuiiez Vargas, Peru (see Basul)
Margareta Maria Restrepo. Department of Biology, Universidad de Antioquia, Apartado Aereo 

1226. Ciudad Univer';taria, Medellin, Antioquia. Colombia 
Rauil Rios !-.. bAivia (see Achlra)
 
Victor Rodriguez, [-cu;,Jor
(see Squashes)
 
Carlos Roersch, l'1.uu (see Mashua)
 
Carlos Ruggieio, Facultd 
 de Cienuias Agrarias e Veterinarias, Universidade Estadual 

Paulista. Camp us ,h.Jahotic abal, Jaboticabal. Brazil 
Jore Soria V.. -ci.rdor (see Squashes) 
Mode,,to Soria I-..tuadot (grower) (see Goldenbei ry)

Julio Cesar l oro Mva ('olormhia (see Berries)
 

Other Countries 

Robert Barnum, USA (see Cherimoya)
 
Gilles Bourcois, Canada (see Basul)
 
Ricardo Bressani, Guatemala (nutrition) (see Achira)
 
Tony Brown, USA (see Cherimoya)
 
Ferdinando Cossio, Italy (see Capuli Cherry)
 
john Couch. (1 SA (germpTlasn (see Highland Papayas) 
Stuart N. Dawes,New Zealand (-ee Cherimoya)

William Doty, USA (gi rmoplasm) (see Peppers)
 
Dick !ndArn'm,_'aiu I ndt, flew Zealand (see Achira)
 
W. Hardy I'shhugh, USA (see Achit a)
Tunde Fatunla, Department of Plant Scienu*, Obalemi Awolowo University, Ile-Ife, Nigeria 

(processing)
 
Zaccheaus Oyesqu 0hile, ulgeria (see Potatoes)
 
Heiner Goldbach, West 
iermany (seed storage and germination) (see Potatoes)
B.W.W. 'Crout, UK (see Achira) 
Hawaiian Fruit Preserving Company, Limited, USA (Iruit products) (see Goldenberry)
J.L. Hudson, USA (see Kiwicha) 
C. Antonio Ji;,uenez Aparicio. Mexico (su-e Arracacha)
Peter M'I-er Jorgensen. Botanical Institute. University of Aarhus, 68 Nordlandsvej, Risskov 

DK-8240. Dz-nuark 
Robert Ktiight, USA (see Highland Papavas) 
G. L[nsley-Noakes, South Africa (see Berries) 
Professor Ludders, West Germany (see Berries) 
Richard McCain, USA (horticulture) (see Yacon)

John M. MacDougal. Missouri Botanical Garden, PO Box 299, St. Louis, Missouri 63166

0299, USA (taxonomy) 
Simon E. Malo.Honduras (see Capuli Cherry) 
Franklin W. Martin, USA (see Achira) 
D.A.Miller, UK (see Goldenberry) 
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Dewey Moore, Department of Plant Pathology, University of Wisconsir, 1630 Linden Drive, 
Madison, Wisconsin 53706, USA 

Monica Moraes, Botanical Institute, University of Aarhus. 68 Nordlandsvej, Risskov DK-8240, 
Denmark 

Julia F. Morton, USA (general information) (see Berries) 
J.S. Mugawara, Faculty of Agriculture. J.C.M. Odungu, Department of Agronomy, Makerere 

University. Kampala, Uganda (shipping) 
Henry Y. Nakasone, USA (see Goldenberry) 
John P. Ogier, UK 'see Goldenberry) 
John Palmer. New Zealand (see Ahipa) 
Tej Partap, Nepal (mountain agriculture, genetic resources) (see Maca) 
Antonio M. Pinchinat. St. Lucia (see Basul) 
Martin L. Price, USA (irnited germplasm available) (see Achira) 
Greg J. Pringle. Division of Horticulture and Processing, Department of Scientific and 

Industrial Research (DSIR), Private Bag, Auckland, New Zealand 
Rare Fruit Counc;I Int imational, Inc., USA (see Peppers) 
Herman Real. USA (tropical ecosystems) isee Cfieriinoa 
Chris Rollins, USA (see Achirat 
Pat R. Sale, Citrus and Subtropical i lorll<ultrte Ministry of AgIriculture and Fishei es (MAF), 

Private Bag. [auranga New Zealand 
Elizabeth Schneider. ISA (food prl)aration) (see Yacon) 
C.A. Schroeder (lSA (sev Ahipa)
 
Richard F. St hutlte, USA (ethnobotdny) (see Achira)
 
Steven Spangler. USA (IeeAchira)
 
Claude Sweet, USA (see Capul. Clicrry)
 
V.A. Sykes, New Zaland t'see Mashua)
 
Louis I rap, New Zealeid (see Ahipd)
 
GuillerriTo VelI., USA irnl)ortation tot ( S.) (see Oca)
 
Alejo von der Pahlen, Italy (see O(,j)
 
Benjarnin IH.Waite, (Cj'A (see Oca)
 
Donald S.C. Wright, Division of New Crop,, Section, Crop Research. Department of Scientific
 

and Industrial Research (DSIR), Privrte Bag. Christchurch. New Zealand 
Victor A. Wynne. Iaiti (see lerries) 

PEPINO 

Andean Region 

Segundo Alandia, Bolivia (pathology) (see Mashua) 
Antonio Bacigalupo, Chile (see Potatoes) 
Cesar Barberan. Ecuador (see Peppers) 
David Baurnann, Peru (see Goldenberry) 
Andres Contreras M., Chile (gernmplasnil (see Oca)
 
Carmen E.B de Rojas, Venezuela (see Peppers)
 
Michael Hermann. I'eru (see Achiia)
 
Fabio Higuita Munoz, Colombia (see Arracacha)
 
Miguel Holle, Peru (see Arracacha)
 
Instituto Nacional de Investigaciones Agropecuarias (INIAP), Ecuador (see Achira)
 
Christian Kramp H., Facultad de Agronoria., Universidad Cat6lica, Casilla 6177. Santiago, 

Chile 
Luis E. Lopez Jaramillo, Colombia (Solaracene) (see Potatoes) 
Sady Majino Berrardo, Peru (see Ariacacha) 
Miguel Moran Robles. Peru (see Cherimova) 
Laura Munoz Espin, Ecuador (see Arracacha) 
Raul Rios E., Bolivia (see Achira) 
Victor Rodriguez, Ecuador (see Squashes) 
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Juan Solano Lazo, Ecuador (see Achira)
 
Jorge Soria V., Ecuador (see Squashes)
 

Other Countries 

Gregory J. Anderson. USA (ethnobotany and taxunomy) (see Achira)
Suzanne Ashworth, USA (see Kiwicha)
Robert Barnum, USA (see Cherimoya) 
Rudolf F.W. Pinsack, USA (plant production) (see Tarwi)
Lynn A. Bohs, ISA (see Arracacha) 
Gilles Bourgeois, Canada (see Basuil 
Ricardo Bressani, Guatemala (nutrition) (see Achiia) 
Carl Campbell, USA (see Chtrimoya) 
Alan Child, UK (Solanaceae) (see Goldenberry) 
Ferdinando Cossio, Italy (see Capuli Cherry) 
James and Joy Crawshaws, Pepino Growers of New Zealand Ltd., Waimauku, Northland, 

New Zealand 
W.G. D'Arcy, USA (see Potatoes) 
Stuart N. Dawes. New Zealand (see Cherimoya)
 
William Doty, USA (germplasm) (see Peppers)
 
Dick and Annemarie Endt, New Zealand (see Achira)
 
Jan Engels, West Germany (see Potatoes)
 
Michel Fi on, Australia (see Achira)
 
Heiner Goldbach, West Germany (seed storage and germination) (see Potatoes)
 
B.W.W. Grout, UK (see Achira)

Keith R.W. Hamrnmett, Division of Horticulture and Processing, Department of Scientific and
 

Industrial Research (DSIR), Mount Albert Research Centre, 120 Mt. Albert Road, Private 
Bag, Auckland 3. New Zealand
 

Doug Hammonds, New Zealand (fruit export) (see Goldenberry)

Jane Harman, New Zealand (see Highland Papayas)
 
Kathleen Haynes, USA (see Potatoes)
 
Alan M. Kapuler, USA tsee Achira) 
G. Linsley-Noa'es, South Africa (see Berries) 
Jaret S. Luis, Philippines (see Potatoes) 
Richard McCain, USA (houitculture) (se.Yacon) 
Cyrus McKell, USA (see Potatoes) 
Carol Mackey, USA (see Nunas) 
N.A. Martin, Division of Entomology, Department of Scientific and Industrial Research 

(DSIR), Private Bag, Auckland, New Zealand 
Jess R.Martineau, USA (biotechnology) (see Mashua)
Donald Maynard, Gulf Coast Reearch and Education Center, Univereity of Florida, 5007 

60th Street East, Bradentor,, Florida 34203, USA 
D.A. Miller, UK (see Goldenberry)

Michael Morley Bunker, Pepino Project, Horticulture Department, Lincoln Colle,..v, Canterbury,
 

New Zeaiand 
Michael Nee, (ISA (see Squashes) 
John P. Ogier, UK (see Goldenberry) 
John Palmer, New Zealand (see Ahipa) 
Dov Pasternak, Israel (see Potatoes) 
Jean-Yves Peron, France (germplasm) (see Goldenberry)
Martin L. Price, USA (limited germplasm available) (see Achira)
Rare Fruit Council Interrnationai, Inc., USA (see Peppers) 
Charles M. Rick, USA (sc, Arrz-cacha)

John M. Riley, USA (genera! inlorrnation, germplasm) (see Oca)
 
Chris Rollins, USA (see Achira)
 
Elizabeth Schneider, USA (food preparation) (see Yacon)
 
C.A.Schroeder, USA (see Ahipa)

Richard E. Schultes, USA (ethnobotany) (see Achira)
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Steven Spangler, USA (see Achira)
 
Calvin R. Sperling, USA (see Ahipa)
 
Don Steenstra, Waikato Polytechnic, Tristram Street, Box 982, Hamilton, New Zealand
 
Claude Sweet, USA (see Capuli Cherry)
 
John Swift. USA (see Yacon)
 
W.R. Sykes, New Zealand (see Mashua) 

- .Louis Trap, New Z . 2nd (see Ahipa)
 
Noel Turner, Division of Basic Science, Department of Scientific and Industrial Research
 

(DSIR), Private Bag, Wellington, Ncw Zealand 
Guillermo Veliz, USA (importation to U.S.) (see Oca) 
Alejo von der Pahlen, Italy (see Oca) 
Benjamin H. Waite, USA (see Oca) 
Donald S.C. Wiiqht, New Zealand (see Passiontruit) 
R.B. Wynn-Williams, New Zealand (see Oca) 

TAMARILLO (Tree Tomato) 

Andean Region 

Guillerma Anibal Albornoz Pazmino, Ecuador (germplasm) (see Potatoes) 
Alonso Atarihuana C., Facultad de Ciencias Agricolas, Universidad Central del Ecuador, 

Ciudadela Universitaria, Apartado 166, Quito. Ecuador (germplasm) 
Antonio Bacigalupo, Chile (see Potatoes) 
Marco Barahona, Programa Fruticultura, Estaci6n Experimpntal Tumbaco, Instituto Nacional 

de Investigaciones Agropecuarias (INIAP), Avenida Eloy Alfaro y Amazonas, Casilla 2600, 
Quito, Ecuador 

Hernan Caballero, Ecuador (see Quinoa)
 
Carmen E.B. de Rojas, Venezuela (see Peppers)
 
U.nrge Fabara, Ecuador (see Capuli Cherry)
 
Fondo Naciunal de Investigaciones Agropecuarias (FONAIAP), Venezuela (see Achira)
 
Alexander Gtobman, Peru (germplasm collection) (see Oc ,.
 
Joy C. Horton Hofrnann, Ecuador (Cyt; hcmmidr cijo,".,'sis) (see Achira) 
Instituto Nacioiial de Investigaciones Agropecuarias (INIAP). Ecuador (see Achira) 
Mario Lobo, Colombia (see Peppers) 
Luis E. Ldpez Jaramillo, Colombia (Solanaceae) (see Potatoes) 
Miguel Moran Robles, Peru (see Cherimoya) 
Laura Munloz Espin, Ecuador (see Arracacha) 
Manuel Orihuela Herrera, Centro de 'studios Rurales Andino "Bartolome de las Casas," 

Comision de Coordinacion de Tecnologia Andina (CCTA), SEDE Institucional, Avenida 
Tullumayo 465, Apartado 477, Cusco. PerL 

Raul Rios E., Bolivia (see Achira) 
Victor Rodriguez, Ecuador (see Squashes) 
Isidoro Sanchez Vega, Peru (see Arracacha) 
Jorge Soria V., Ecuador (see Squashes)
 
Modesto Soria V., Ecuador (grower) (see Goldenberry)
 
Julio Cesar Toro Meza, Colombia (see Berries)
 
Cesar C. Vargas Calderon, Peru (see Potatoes)
 
Ramiro Velastegui, Ecuador (pathology) (see Tarwi)
 

Other Countries 

Grec*.,ry J. Anderson, USA (ethnobotany and taxonomy) (see Achira) 
Ariel Azael, Haiti (see Ahipa) 
Lynn A. Bohs, USA (taxonomy) (see Arracacha) 
Ricardo Bressani, Guatemala (nutrition) (see Achira) 
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Carl Campbell, USA (see Cherimoya)

Alan Child, UK (Solanaceae. taxonomy) (see Goldenberry)

W.G. D'Arcy, USA (see Potatoes) 
Stuart N. Dawes, New Zealand (see Cherimoya)

William Doty, USA (germplasm) (see Peppers)
 
Dick and Annemarie Endt, New Zealand (see Achira)

Jan Engels, West Germany (see Potatoes)

William Charles Evans UK (see Potatoes)

Heiner Go!dbach. West Germany (seed storage and germination) (see Potatoes)
 
B.W.W. Grout, UK (;ee Achira) 
V.L. Guzman, USA (see Quinoa)
 
Richard A. Hamilton, USA (see Berries)

Doug Hammonds, New Zealand (fruit export) (see Goldenbeny)

Jane Harman, New Zealand (see Highland Papayas)

Roy Hart. New Zealand (see Berries)
 
J.L. Hudson, USA (see Kiwicha) 
Nancy Jarris, USA (see Goldenberry)
 
Alan M. Kapuler, USA (see Achiral
 
Jchn Laurenson, New Zealand [arnarillo Growers Association, Inc., PO Box 258, Kerikeri,
 

New Zealand
 
Professor Ludders. West Germany (see Beiries)

Janet S. Luis, Philiprpines (see Potatou,)

Richard McCain. USA (horticulture) (see Yacon)
 
Cyrus McKell. USA (see Pot-itoes)

N.A. Martin. New Zealand (see Peplno)
 
Michael Nee,USA (see Squashes)
 
John Palme,, New Zealaind (see Ahipa)

Tej Parlap, Nepal (ITOuntan ann culture, genetic resources) (see Maca)
 
Dov Pasternak, Israel(see Potatoes)

Martin L. Price, USA dirnited (rmiplasni available) (see Achira)
 
Greg J. Primgle, New Zealand (se Passion fruit)

Rare Fruit Couciinternational, In(.,
USA (see Peppers)
Herman Real, USA (tropical eco.,ysteiis) (see Cherinmoya)
 
Charles M. Rick. USA 1ste ArracaCh,)

John M. Rilev. ISA (jeneral informnation, geriplasm) (see Oca)

Chris ,'ollirs.
USA (see Achira)
 
Pat R.Sale. New Zealand (set, PXsiorlItLilt)
 
-lizabeth Sr hneider, USA flood pr: inaration)(see Yacon)
 

C.A. SchroederI USA (see Ahiia)

Richaid E.Sr ltlte:,. rly) (ste Achira)
LSA (ithrnoh t 
Steven Spangler, (ISA (see Actiri) 
Calvin R.Sperling, (ISA (se' Alipa) 
Claude Sweet, USA zee Capuli Cherry)
W.R. Sykes, New Zealand (see Mashual
 
Loren Toomey, USA (grower) (see Goldenherry)
 
Louis Trap. New Zealand (see Ahipa)
Benjamin H. Waite. USA (see Ocal 
Donald S.C. Wright. New Zealand (see Passionfruit)
Victor A. Wynne. Haiti (see Berries) 
R.B. Wynn-Williams. New Zealand (see Oca) 

QUITO FALM 

Andean Region 

Stephan G. Beck, Herbario Nacional de Bolivia, Cajon Postal 20-127, La Paz, Bolivia 
(ecology) 
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Jose Calzada Benza, Peru (see Capuli Cherry)
 
Carmen EB. de Rojas, Venezuela (see Peppers)
 
Instituto Interamericano de Cooperaci6n para !a Agricultura (IICA), Bolivia (see Mashua)
 
Instituto Nacional de Investigaciones Agropecuarias (,NIAP), Ecuador (see Achira)
 
Miguel Moran Robles, Peru (see Cherimoya)
 

Other Couitries 

Ariel Azael, Haiti (see Ahipa) 
Michael Balick, institute of Economic Botany, New York Botanical GC -den, Bronx, New York 

10458-9980. USA 
H. 	Dalslev. Botanical Institute. University of Aarhus. 68 Nordlandsvej, Risskov DK-8240, 

Denmark (Ecuadorean palms) 
A. 	Barfod, Botanical Institute, University of Aarhus, 68 lordlandsvej, Risskov DK-8240, 

Denmark (Ecuadorean palms) 
Warren Dolby, 5331 Golden Gate Avenue. Oakland, California 94618, USA (limited 

germplasm) 
John Dransfield, Royal Botar,c Gardens, Kew, Richmond, Surrey TW9 3AE, UK 
J. Garrin Fullington, PO Box 1041 :, Hilo. Hawaii 96721, USA (imited germpiasm) 
Andrew Henderson, New York Botanical Garden, Bronx, New York 10458-9986, US,\ 
International Board for Plant Genetic Resources (IBPGR), Italy (germplasm Infolnation) 

(see Achira) 
Dennis Johnson. DESFIL Coordinator, Tropical Research and Development, Inc., 624 Ninth 

Street, Sixth Floor. Washington. DC 20001, USA 
Peter Moller Jorgensen, Denmark (see Passionfruit) 
Monica Moraes. Denrnark (imtjibora,',i) (see Passionfruit) 

WALNUTS 

Andean Region 

Emilio Barahona Chura, Peru (see Capuli Cheiry) 
Cesar Barberan, Ecuador (see Peppers) 
Ramon Ferreyra, Peru (see Highland Papayas)
 
Jaime Gaete Calder in, Chile (-ee Basul)
 
Juan Gaviria R., Venezuela (see Ulluco)
 
Instituto Nacional de Investigaciones Agropecuarias (INIAP), Ecuador (see Achira)
 
Ricardo Jon Llap, Peru (see Capuli Cherry)
 
Laura Munoz Espin, L%uador (see Arracacha)
 
David Ocaf.a Vidal, Peru (see Capuli Cherry)
 
Jose Pretell Chiclote, Peru (see Capuli Cherry)
 
Raul Salazar C., Colombia (see Peppers)
 
K. Thelen, Food and Agriculture Oiganization of the United Nations (FAO), Avenida Santa 

Maria 6700, Casilla 10095, Santiago, Chile 

Other Countries 

Robert Barnum, USA (see Cherimoya) 
Gerardo Budowski, Costa Rica (see Pacay) 
Edilberto Camacho Vargas, Ap.rtado 361, Guadalupe, Goicoechea, San Jose, Costa Rica 
Dick and Annemarie Endt, New Zealand (see Achira) 
Ernest P. Imle, USA (see Highland Papayas) 
Interm,. -;i Board for Plant Genetic Resources (IBPGR), Italy (germplasm information) 

(see Achda) 
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Gale McGranahan. Department of Pornology, University of California, Davis, California 
95616, USA 

Wayne F. Manning, 27 Brown Street, Lewisburg, Pennsylvania 17837, USA (taxonomy)
William L. Nelson, USA (see Pacay) 
Johr Palmer, New Zealand (see Ahip&)

Tej Partap, Nepal (mountain agriculture, genetic resources) (see Maca)

Chris Rollins, USA (see Achira)

Richard E. Schultes, USA (ethnobotany) (see Achira)
 
Shao Qiquan, China (see Potatoes)
 
Steven Spangler, USA (see Achiral
 
Calvin R. Sperling, USA (s,:e Ahipa)

Donald E. Stone, Department of Botany, Duke University, Durham, North Carolina 27706,
 

USA 



Appendix D 

Biographical Sketches of Panel 
Members 

HUGH L. P'OPIENOE (Chairman)is professor of soils, agronomy, botany, 
and geography and director of the Center for Tropical Agriculture 
and International Programs (Agriculture)at the University of Floida, 
Gainesville. His principal research interest has been tropical agri
culture and land use. His early work in shifting cultivation is one 
of the few contributions to knowledge of this sys'em. He was born 
in Guatemala and has traveled and worked in most of the countries 
in the tropical areas of Latin America, Asia. and Africa. He is 
chairman of the Board of Trustees of the I,scuela Agrfcola Pana
mericana in Honduras, visiting lecturer on tropical public health at 
the Harvard School of Public Health, and is a fello" of the American 
Society of Agronomy, the American Geographical Society. and the 
International Soils Science Society. His father, Wilson Popenoe 
(1892-1975), was a plant explorer who traveled extensively through 
the Andes and was a pioneer in the promotion of the more e.tensive 
use of Andean fruits and other crops. 

STEVEN R. KING is currently chief botanist for Latin Americi. Cor The 
Nature Conservancy's Latin America Science Program. Prior to 
1989, Dr. King was a research associate with the Committee on 
Managing Global Genetic Resources of the National Research 
Council's Board on Agriculture. lie received his B.A. from the 
College of the Atlantic ii 1980, and his M.S. from the City University 
of New York in 1986. In 1988, he received his Ph.D. from the City 
University of New York, %%,here he worked with the Andean tuber 
crop complex (potatoes, oca, mashua, ullico, and maca) and 
searched for the wild ancestors of modern cultigens. Ie has done 
field work throughout Latin America as well as in Southeast Asia. 
From 1986-1988 he was a fellow of The New York Botanicai 
Garden's Institute of Economic Botany. 
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JORGl I.I.ON is (el of tile worlds Ioremost experts on Andean 
agriculturet. A native of ('Tsta Rica, he reccivcd his IPh. I). in,hotallV 
from 'Vashingto Universitv under he famd cC(ecorinlic botanist 
Edgar Andersont. lie hecanie botallist and head oft1hC Plant Industry
Department al I('A in Ttrrialba. (osta Rica. and then spent seven 
yVears heading the Andall Zlone ResacCh lIogrrnll at IWICA in 1ilaa. 
Peru. SlubsCqutlly, he was "i the FA() in Romc and was for 
many years chief f FA( ('rp lI'colog\ and Cenetic Resources 
Unit. Afler Ieaving FA) he was chief of the C(;ct ic Retsotce Unit,
C'etlro Agronomica TITropicul ie InFvstiic iol y I'nianC i('A'I'I- )a 
until his IClireCnt. I)r. Leln is ;a f'clo\'. of, the e SocietyIincan 

ani autolir of' s(olc 6(1 
 technical articles. 5 bulletins. 2 hooks, and 
4) technical missions and consultations, I iis book I'hmm Alimll
tliAA ,Alintoi,, ia classic ,Ir of,C t fhlat i%, crops of the Andes. 

ItlS SUt\ I AI N M.\SKI.R ( 'Cln o Lie IHvCsti'acionICs tiC (ullivos
Andinfos. tirrversidtad Nacionrl 'I cnica dcl Altiplhano. Ctzco. IPrtl,
received his degree ofl' auricultural eIineering thetriL UlnivCrsity
of, Cu/co if- 19 1. l(ostgr;udtat stIdics %.crcill phyltog:lics at tie 
National t 1livcisit\ of(i'o/.. From 1964 to 1973. he %,asassociate 
professor of ve,.ttti\ lhurapeutic,s at the ni\cr,,it of'l(nco.,
w\hile also ,trvin lithu the I)ep,rtnCnt of' .\gricult ural ievelopment
of' (LI/co Corporation la qiu, ti-gCll frleunntl institution . lie was 
concurrently an instructor at the tlnivcrsit of l.imaitndthe National 
Agricutlurl tl ,nicrsilyat I.a Moliin,, dItring t''74. Since 1975. )r.
Suniar has heen a rincipal profesor in the \griculturc I)epartment
of the niVteisit\ of, ('n/co. lie a'. madC head of1 the dlIartnIt1 
in 19I. f)r. Sunar hns ben i'ohed%11 nutrition,with pathology,
genetic cons\ atitl. and phln improvement Ifr mauny years. and 
hasItraveled \woilvdide as a phln collctor and as at consultant. Ill 
1982 he became the only Wivilia Pru's (ihold Medal ofrecipicent of 
the Order of the Stin, in recognition otI his contributions to the 
nutrilional well-heine of' thf poor. 

NOtII. 1). \tt. It-I I, staff 'officr and tch'li.ic;tl writlr f'o this study,
is a senior program officer of' lhe Board flr Science and Technology
For' International I)evelopment. NewA Zealander with a PhIl). in 
organic chemistry fh'orn the Iniversity of' (alifornia, Ierkeley. tie 
lo\k v,orks t innovations inl science and technology that are 

important for ,he fItIrelC of developing Countries. 
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Aara, 135, 159 Apilla, 72, 90 
Achera. 35 Apifia. 91 
Achipa. 43 Apifia-mania,. 72 
Achira, 15, 27. 35 Apifu, 72 
Achis. 146 Apio criollo, 54 
Achila, 146 Apple chile, 196 
Achocha, 206 Ariruta bastarda, 35 
Adalut. 3 S Arboloco. 122 
Adura. 35 Argentine walnut, 324 
Aguaymino. 249 Aricoma. 122 
Ahara hupa. 135 Arivivi. 197 
Ahipa. 16. 39, 43 Arracacha, 16, 47. 54 
Ajanjuiri potalo, 98 Arravacia acquatorialis.53 
Ajara. 135 ioidin., 53 
Ajf. 198 clata. 53 
Ajipa. 43 CACtient. 54 
Alkkunge diuPiNroII. 250 moschata, 53 
Altram utz188 xanthorrhiza. 16. 47 
Aniarante caude. 146 Arrecate, 54 
Amaranth, 146 Arric6n, 801 
Arnaranthaceae. 145 Arrocillo. 159 
Aiaranthu.. udato.. 18. 139. 145 Arroz del PerCI 159 
cihdi.%. Arroz rnifido do Peru. 159145 
mouilul'iW:g:i.ianitA. 145 Asipa, 43 

Amaranto, 146 Asteraceae. 122 
Amaranto de c;1id :it. 146 Ataco. 145 
Anmor en hols;:, 249 Ataku, 145 
Ananaskirsche, 251 Atemoya, 236 
Andean aji, 197 At yama. 205 
Andean hlucherrv. 219 Ayak chichira. 6.1 
Andean lupin. 188 Ayak willku. 64 
Andean walnuts. 323 Ayara, 135 
Andigena pol'ao. 97. 113 Ayote, 205 
Andine Knollenbone, 43 flahaco. 257 
Anmnona. 235, 237, 238 Baby Maine potatoes. 93 
Antono ihIt'riniol., 210.229. 235 Balfi. 170 

diversifolidi. 239 Blaluy. 17(1 
ho.;,ipi. . 239 Ianma passion'fruit. 288, 290 
itmaricata. 238 !landua de Urihe, 35 
reticultag. Hao 'la rabra. 108238 
squ ntnosi, 238 tnbero., a, 112 

Annonaceae. 235 Basellaccae, II I 
Anona del Perti. 237 lBasiul, 18, 165. 171 
Anona do Chile. 237 Batata b;mma. 54 
Anone, 237 Batata salsa ,5.4 
Ans:brine quinoa, 159 Hatetesta. 250 
Antiptorutu, 171) Baumtonate, 314 
Afiu, 67, 72 l3ejico, 291 
Anyfi, 72 Berries. 19. 213 
Apiaceae, 54 Bery, 35 
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Bird peppers, 199 Chambura. 254
 
Birfi manso. 35 Chamrhur. 254. 255, 259
 
Bitter pol;loes. 99 Chamburo de Camilla. 25.
 
fflackberries. 19. 215 Chaniburi. 254
 
Iledo, 146 Chaquilla , 146
 
Blueberry. 19. 218 Chaucha pot ato. 98

Bolivian walnut. 324 Chenopodiaceau_. 135. 159
 
lionel,. 254 Chenopoditinalbum. 131)

Ilorlas. 146 tanih/o. 135
 
Hush green, 146 caremlnla,. 137
 
(abeqa de negro. 237 pallidicaub. 17. 129. 135
 
C(chilin tie 1a China. 237 petiolire. 137
 
Cachui, 3(3 quioati, 18, 149. 159
 
Cagtua. 2(08 aabrilatie. 137 
('aihua. 200 Cherinalla. 237
 
Calfi. 17(0 Cherimtolia. 237
 
Caniapij. 250) Cherinmlia. 237
 
Camapuim. 250) Cherimolier. 237
 
Ca.miaones de tierra. 112 Cherimya. 20. 229, 237
 
Cafiagua, 135 Cherin oyales, 237
 
Cafitha. 135 Cherinmoyer 237
 

ngfiigua, 135 Chiehuacan. 254
 
Cainihma, 135 Chigua. 112
 
C('nna alhira.s. 35 Chlihualcan. 254
 

edoli1. 1535 Chilacayote, 206
 
vi.t.i,,rli%. 34 Chile lan/tano, 196
 
pitia. 34 Chilean cranberry. 219 

Cannace;ie. 35 Chilean guava, 219
 
Capacho, 35 ChiJifituta, 217
 
Cape goosebhr. 2(0. 241. 2.19 Chillepins, 199
 
(almioiln a,,,,uto . 196. 198. 211 Chintia. 159
 

hwcatuon. 197 Chirimoya, 237
 
cardina ii, 211 Chirintoyabaum, 237
 
I/ta ict %. 200 Chirimoso Lel PerO. 237
 
Ihinc'nre. 196. 201 Chirimuya 235
 
e.ki iu,, 200 Chisiya hitinlI, 149
 
lite, cnm. 196, 201 Chisqta, 35
 
piheu ci'.m, 196 Chisvacu, 218 
lot 0rii. 200 Chiverre, 206 

Capufli, 249 Chocho, 188 
Capuli clierr,. 19. 223 Christ's knee ulluco, 115 
(aria. 20. 253 Chulchus m0uli, 188 

boliviana, 256 Chiuguas, 112 
anldai arc .'oxi,. 254 C'htllupa. 291 

ch ' 259 178vsopeaht. 257. ChIvi,
ctnlitm rc't i .254 Citiba. 90
 

oudoliiana, 256 Ciuva, 91
 
tonoica. 256 Cjari-jari, 217
 
penla,.ota, 25 Coini. 145
 
pi)iI.sccm%, 254 Cojombro, 2',8
 
slipulata. 255 Col de mort aria. 256
 
x hielbornii.257. 259 Col de nmnte. 254. 256 

Casabanana. 2(18 Collyu papa. 95 
Casana. 316 Colombian passionfruit, 290 
Caluche. 237 Compositae. 115. 122 
Cayuri. 324 Congarna, 218 
Ccallapi, 159 Coquerelle, 25(1
Czdro grande. 323 Coqueret. 250 
Cedro negro, 323, 324 Coqlier (tdu Prot. 250 
Cereza, 223 COtqL's, 319 
Cereua del Peri6. 249 Covincho, 2011 
Cerinmolia, 237 Cradled baby ulluco, 105 
Chachafruto. 170 Crookneck, 2114 
Chafrto. 171 Cruciferae. 64 
Chagos. 8(1 Ctiios. 72 
Chambur. 254 Cuchi-quinoa. 135 
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Cuchliva, 249 

Cucurbita, 19. 203 


ficifolia, 206 

maxima. 204 

mosc/iata, 204 


Cucurbits, 203 

Cuerno de oro. 198 

Cumbai, 197 

Curuba, 288 

Curuba de Castilla. 288 

Curuba de Indio. 294 

Curuba quitefia, 289 

Curuba sahanera blanco, 288 

Curubejo. 291 

Custard apple. 236, 238 

Cycanthera exphdens. 207 


pedata. 206 

Cvp/iomandrahetacca, 21, 317, 314 


caianumesni.%, 316 

caxaa, 316 

fi'agran., 316 

hartwegi 316 


Dabau. 43. 45 

Dolichm ahipa. 43 

Dong rieng, 35 

Dwarf papaya, 256 

Edible canna. 35 

Erdbirne, 122 

Erythrima. 169 


edui . 18. 165, 170 

1A'u/enta. 170 

idcuata. 169 


Espinafre do Peru, 159 

Essbare Judaskirsche. 251) 

t-batiu., 215 

Eugenia ugni, 219 

Fabaceae, 43, 171, 178. 188 

Fisalis. 250 

Flachsbaun. 237 

Food inga. 283 

Four o'clock family. 80 

Fragariachi/aenii, 211 


viru'in ana, 211 

Frfjoi chuncho, 43 

Frisol cahl, 1710 

Fruits. 210 

Fruta do conde, 237 

6ialupa. 291 

Ganyong. 35 

Giant Colombian blackberry, 216 

Giant groundcherry, 249 

Girimoya, 237 

Golden berry, 249 

Goldenberry. 20, 241, 249 

Grains, 124 

Gianadilla. 287 

Granadilla de Quijos. 290 

Groselha do Peru, 251) 

Gruva. 35 

Guaba, 277 

Guama. 277. 283 

Guamo, 277, 283 

Guanbana, 23h 

Gulian, 293 

Hahwa, 250 

Herva noiva do P1ert, 250 


Highland papayas. 20, 253
 
Horse chile, 196
 
Huagra mora. 217
 
Huayro. 98
 
Hubas, 112
 
Hudia. 178
 
Huiasampilla, 54
 
Huisisai, 90)
 
Huitoto. 43
 
Ibia, 90
 
Ibias, 90
 
Ice-cream beans, 20. 277, 283
 
Ice-cream fruit. 229
 
Ideobatus, 215
 
llama, 239
 
Imbiry. 35
 
Inca jataco. 145
 
Inca rice, 159
 
Inca wheat, 146
 
Indig/fera. 273
 
Inga. 20, 277
 

adenophvl/a, 278
 
affinis. 284
 
brene.ii. 285
 

Ingi cip6. 283
 
Inga dh'n.ifl,,ra. 278, 285
 

eduli.. 277, 278. 285
 
feuilei. 277
 
ini uid, 285
 
jinicuil. 285
 
inarginttta, 285
 
mortonriana, 285
 
oeretediana. 285
 
paterno, 2h5
 
pu nctata. 285
 

2apemhdiheu,2X5 
spectabili ,.285
 

lera, 277. 285
 
Isafio. 67, 72
 
Isafiu. 72
 
Issan , 72
 
iswalla hupa. 135
 
Jac6n. 122
 
Jacutup. 45
 
Jaguarcha, 145
 
Jam fruit. 241. 250
 
Jamu. 250
 
Janchicoco, 321
 
Jicana, 39, 115
 
Jicama. 122
 
Jkima. 122
 
Jiquima. 122
 
J/quima, 122
 
Jquimilla, 122
 
Jok.o. 21)5
 
Jopa. 159
 
Judenkirche, 251
 
Judfa batata. 43
 
Jug/ans at.sirali.%, 324
 

boliviana. 324
 
neotropica. 21, 323
 
nigra, 326
 
venezuelensis. 324
 

Juira, 159
 
Jupha, 159
 
'kachan, 303
 

http:brene.ii
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Kachano, 303 kik-a (A4
Kachuma, 303 Makowi. 251)Kaftagua. 135 Malab;ir spinach. IONKi'iahua. 135 Mandioquinha-als,. 54
Kaiau.a. 135 Mandoquinha. 54
Kafiiaco. 131 Maracuja. 287
Kania. 17. 129. 135 Mais;, 237
 
Kahiv%a. 135 
 Mathua. I1. 67, 72Kao. 9) Masihuar, 72
Kp-Siichclhccrc, 250 Matlacrrano. 303 
Kari-kriii. 217 Maija;, 72
Ksk, 35 Maiika. 16. 75. 810
 
Kan i. 9 3 
 NI:i.ui. 72 
Kenyong. 35 AICMI aI Ittoia . 112Kinoa. 159 ti/'roea. 112 
Kiuna, 159 Mclloco. 112
Kkicha. 18, 125. 139, 145. 146 Mllwo.,fruil. 303
 
K katia,:. 72 
 Mchicotlon. 208
KnolIcn-Satiicrkcc. 90 NIc tin ca Iiha ia, 204 
Kopuro, 178 Mchlo pcr. 

a3( 08
 
.Lacmtc. 205. 2(00 Melohn shr. 3(3
 

Iakachu. 54 Mcii. 35
I,;itths-qu;aici,, familk. 115 Michirui miguir. 112
1 inipion. -~0 Michuri. 112 
l . iltl . '4 M li i..i 2 $ 

I.ccalhu. 4Wliro hilA0 ctpult. 16. 75. 8(0
I.cgi,:tc . 162 Miso 75. NO4
I .cgtil irotc. 41. 171. 178. I8 . 281 MoNlo . 237


l.cnihlug nljccdit. ;5 
 Nli;,t comin. 217
I.CtIglit tc %.,i.249 Mo t tic( tfilla. 211
l.'puldilmo M , i 16. .5. 64 Nhtt;I tie Io otl:. 2 I6


MlloU..oa hc'llillloII 
ctsc . 64 Mlrcllc tic QIilo. 27J
 
I .iiti;i hcun C. ik; 
 ,ollil lao. 2 X
 
I, .ii~tc,)Mluih 
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laconl. 122 Mlitntain p;. p:mt.. 254
I.lakuma. 122 M ilclichi. 112 
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 Mit*lri 21)
l coto. I"(1 ,itirtilla.
21')


L.okolo. 1196 Murlillai blaica.i220
L.t'-*ic-hlceding. 146 Niitstald f6inii . 04
 
[.i;atn . 35 
 A/ tliltt.' ni, 219)
Iicllo. 2613 Natnihia, 178
Ihciinia. 244 23 Niar;injilla, 2 1. 267, 274
JutIit, .'hoiam. 23 Naral'jilla tic Quilo. 274
Iillu. 274 Naiinjilc. 27.4
 
l ulio. 244 207. 274 
 Nair;tniiilu. 274

I.ulo dc la ticrr-i frial. 275 
 Narainjil. 274 
I.uLto-F-ticht. 274 Naiiimriiill I~iniIy, 72

I.ulu poUcoliiul . 274 
 Navio. 72
Ltlpintt tfi/h . 186 Naivo. 72 

ontn .'ift'hoi.%. 18$0, 1$') Net . 
Zcaland \im, 83

lliit%, 180 Nightshadc firniil'. 273, 314illtuoilji. I). 181. 188 Nogaita tic I)ariM 323
Iyl opt r ioi. 19'3 Nog;ai, 323 

t,o tht,iou, 192 Ntgal blanct,. 324
Maca, 10. 57. (4 Nogal cavrc, 32.4
MNaca-nttacai 64 Nogal cimnurril. 324
Macha-tltachal. 21$ Nogal criollo. 24
Macuci, 45 Nogal dc Cari(.as, 324
Mafilj. 72 Nogal tic li uicrra, 324
Maino, 64 Ntogal tic monte, 324
MaJua. 72 Nogal negro, 324 
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Nogal plance, 324 inixta, 293, 294 
Nogal silvestie. 323. 324 inollissinia,288 
Nopas. 170 pinnatistipula, 291 
Nudia, 178 popenovii. 29 
Numia. 178 schlimniana, 293 
Nu6as. 18, 173, 178 tripartita,294
 
Nufi-vs, 178 Passionfruits, 21, 287
 
Nupe. 45 Pavi, 208
 
Nuts, 317 Pear melon, 303
 
Nyctaginaceae. 80 Peai' lupin, 188
Oca, 17, 83. 90 Peladera, 256


9 0.kka, Peladua, 256
Olloco, 112 flepino. 21, 297, 303
Olluco. 112 Pepino andino. 206
Oqa. 91I Pepino blanco, 313 

Orange de Quito, 274 Pepino de agua, 303 
Orange pa paw, 256 Pepino de fruta, 303 
()xalidaceae, IX) epin de ohr, 208 
Oxali.%(renala. 90 Pepino de rellenar, 206 

tuh,'rmt, 17. 83. 'A) dulce, 297, 303PepinoPepino morado 313 
Pacac. 283 Pepino redondo, 303 
Pacay, 20, 277, 283 Peppers, 19. 195 
Pacay de Peru, 283 Peramelon, 303 
Paccai, 283 Peruianischc Schhuttc. 250
I'a 'vrhizu.%ahipa, 16, 39 Peruanischer Flaschenbatum, 237
 

crostA 39 Peruanischer Reisspinat, 159
 
j'erruit'inv., 43 Peruvian carrot, 54
 
pttnamnri.. 45 Peruvian cherry. 250)

tubhro..U%, 44 Peruvian cooki ng papaya, 
 256 

Piaj uro. 170) Peruvian ginseng, (4
Panameo, 196 Peruvian gioundcherry, 250)
Panme, 54 Peruvian parsnip, 54 
Papa amarilla , 95 Peruvian pepino, 303 
Papa criolla, 96 Peruvian rice, 159 
Papa lisa, 10i, 112 Petit ri/ de PI rou, 159
Papa lis.i. 112 'ha.w mlou 163hnatit.. 
Papa roja. 83, 90 vtulgari., 18, 173, 178
Papaya de altura, 254 Phureja, 96 
Papaya de olor, 254 Physali. 250 
Papaya de selva, 256 Ihyali.%edli.s, 249 
Papaya de tierra fri a, 254 pffru .iana. 20, 241, 249
Papaya de mnltana, 254 Pica de pulga ulluco, 1(05 
'uapaya u'ra i/is. 256 Pie-me lon, 200

Papayo, 254 l'inu.%radiata. 323 
Papayuella, 254 Piriquiltoya, 35 
Papaylie(o, 2%;6 Pitiquifia, 94 
Pa'qay. 283 Poha. 241. 25)1
Pa'qaya. 283 Poir de terre Cochet, 122 
Parajuhb'a (oc'ide.%. 21. 319 Pois sucre, 283 

forallvi, 321 Polimnia, 122 
Parca, 159 Polvnnia edulis, 122
Parcha. 288 .nChiuiudia, 17, 115, 122 
Paronchi, 2S5 Pomme die terre celfri, 54 
Pasca,. 159 Pornodoro arhoreo, 314 
laflra, 21, 287 Popbeans, 178 

at,bnou., 294 Popping beans, 18. 173, 178 
ampul/huea, 294 Poronchi, 259 
anlioquieni.A, 29%) Porotillo. 178 
tUMhaIen.is, 293 Poroto, 178 

eduli., 287 Poroto batata, 43 
goudotiana, 293 Poroto de Puno, 179 
incar'Iata,295 Potato, Ejropean, 23 
ligidari.v. 289 Potato and tomato family, 249 
MehforiA. 291 Potato bean, 44
 
mandonii, 294 Iotatoes, 17, 93
 

http:tUMhaIen.is
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Pouteria hcuma, 20, 263 

obovaia, 263 


Prunits capuli. 19, 223 

serotina, 223 


Puel, 72

Puhe, 122 

Pumpkin, 204 

Punyapong. 35 

Purple arrowroot, 35 

Puru-puru, 291. 293 

Purutu, 178 

Qamasa, 145 

Queensland arrowroot, 35 

Quiba. 90 

Quihuicha, 145 

Quinhua. 159 

Quinoa. 18. 149, 159 

Quinoa. 159 

Quinqua, 159

Quinua. 159 

Quinua, 159 

Quinua de Castilla, 146 

Quinua del v:lle, 146 

Quitacafiigua. 135 

Quito orange. 27.1 

Quito Palm, 21, 319 

Rabo de roico. 283 

Racacha, 54 

Rakkacha. 54 

Raspberries. 19. 215 

Red-hot cattail. 146 

Reis-Gerwacks. 159 

Reismelde. 159 

Reisspinat, 159 

Riz de P6rou, 159 

Rocoto. 196 

Rokkoto. 196 

Roots and tubers. 22

Rosy passionfruit. 293 

Ruba, 112 

Rubas, 112 

Rubia. 112 

Rubus ade'notri(htum. 217


glaucio., 211 

idaeu.%, 215 

leucodermi.. 215 

macrocarpus. 216 

occidentalis. 215 

roseus, 216 


Rucki potato, 99 

Ruhuas, 112 

Sacabuche, 249 

Sacha purutu, 17(1 

Sachafruto, 170 

Sachaporoto, 17(1 

Sachapuruto, 170 

Sakhu chin, 35 

Sangorache, 146 

Sankurachi, 145 

Secana, 208 

Seminole pumpkin, 205 

Seneetra, 35 

Shrimp of the earth ulluco, 105 

Sicana odorifi,ra, 208 

Siete caldos, 196 

Sieva lima beans, 163 


LOST CROPS OF THE INCAS 

Siglalon, 254
 
Siglal6n. 255
 
Siglal6n silvestre, 255
 
Sinkamas, 39
 
Sisu, 99

Sinalhthus sonchifia. 122
 
Solanaceac. 17. 249, 273, 303, 314
 
Solanton acauh,, 99
 

ajanhuiri,98
 
andigenum. 98
 
angulatun, 274
 
herthaultii, 101
 
earipense, 305
 
goniocalyx, 95
 
guatiahnse. 303
 
hirsutissimtn, 274
 
hirtutt. 273
 
hygrotherinico, . 100
 
m'crantht,,. 273
 
MaIn1o1 urn, 273
 
nuricamtoo, 21, 297, 303
 
pectinattm,. 275
 
phureja, 96
 
quitoense, 20, 267,273
 
spar 0il2m,
98

senotoripn, 94, 97
 
tabaoense, 305
 
tortni. 273
 
variegatum, 303
 
vesti.s.%imnum, 275
 
x chattha, 98
 
x curtilobiti. 99
 
x jizepczukii. 99
 

Sorrel. 90
 
Sour'op, 238
 
Squashes and their relatives, 19, 203
 
Strawberry. 211
 
Strakberry myrtle. 219
 
Struiktomnmat. 314
 
Suba. 159
 
Sugar apple. 236. 238
 
Sug6,35
 
Sunflower family, 122

Supha, 159
 
Sweet cucumber, 303
 
Sweet granadilla, 289
 
Sweet quinoa, 159
 
Sweetsop, 238
 
Tacso. 28
 
Tagso, 288
 
Tamaillo, 21, 307. 314
 
Tarhui, 188
 
Tarwi, 19, 181, 188
 
Tauri, 188
 
Tauso, 288, 293
 
Taxo, 293
 
Tazo. 80
 
Teparee, 250
 
Trong blanda, 314
 
Thol thakkali. 250
 
Tikas. 35
 
Timb6s, 112
 
Tintin, 288, 291
 
Tiquifio, 112
 
Tocte, 323
 
Tolumn, 35
 



407 INDEX OF PLANTS 

Tomate chileno, 274 

Tonate de firbol, 307, 314 

fomttc de Arvore. 314 

Tom:te de imonlc, 25o 

"omate de palo. 314 

'oinate e.xtranjeroi. 314 


"olmle franc6s. 314 

Tornale francts. 314 

fhrnat ingl.s, 250 


Tomnate silvestre, 249 

Tomateiro inglI,,. 251 


tiliato. 191 

Tornato ;and poht o flimily. 3(03

Iopolopo. 249 

loronche. 255 

loronche de (U%,tilla. 259 


Toronchi. 259 

loronchi del cilnpo, 255 

foronla, 274 

"lOUS,-lCes-mois. 35 

Tree bcan of the AnleCS. 165 

Tree chile. 196 

f1ee melon. 313 

Ifree tomto 21. 1i7. 314 


1lrig mnc;:. 140. 159 

lrigrillo. 15g 

"iompo., 288 

Tropacolaceac. 72 

"TtroPati'oll mt!tl. 72 


thccro unm. I6, 67. 72 

Truffetle acide. 91 

ltrmnbo, 288 

'l'umb del norte, 288 

"'laltylc . 2(16


liimnibao 305 

thi geredit. 35 

Uchuh. 249 

1 chtva. 249) 

Ugn. 219 


, andolli,. 220 

tolitai,.
219
 

Ulluca. 112
 
Ulluco, 17, 105. 112
 
Ullucu, 112
 
Ulim'us kunthii. 112
 

tu eroNUS, 17, 105. I I 1, 112
 
Ullumna. 112
 
Ulupica,. 199
 
Umbelliferac. 54
 
Ufii. 219
 
Uvilla. 249)
 
Imi-jiuml f/orilundum. 218
 

n'ridionah,, 21tP
 
Vegetables. 191)
 
Velvel hear. 273
 
Vene/uelan .. alnll. 324
 
Villu. 43
 
Virraca. 54
 
Vitoria. 200
 
V\ocali. I '5
 
Walnuts. 21. 323
 
White ,arrot, 54
 
White quinoa. 159
 
Winter ,qal ,h. 214
 
Xachun. 303
 
Yacon. 17. 115. 122
 
Yactn. 122
 
Yacon stratwbrry, 122
 
Yam. 9(
 
Yami bean. 39
 
Yanaocai( black oca ). 72
 
Yellow potato. 95
 
Y..ano. 72
 
Yiica inca. 81
 
Yuructira. 235
 
Ytvo de ojai. 249
 
Zanbo. 206
 
Zanahomia blanca. 54
 
ZapaIllo. 214
 
Zarzamora. 216
 
Zembu. 35
 



408 

Advisory Committee on Technology Innovation 

EUGENE B. SIIL.rz, JR., Department of Engineering and Applied
Science, Washington University, Chairmau 

MICIIAFL J. BAICK'K, Institute of [cononic Botany, The New York 
Botanical Garden 

W. HUGH O(LlIN;I-, NPI. Inc. Salt Lake City

GARY NABIIAN, )esert liotanical Gardens. Phoenix
 
JOSE'tH WAALANI), l)epartment of l'otany, 
 U niversity of Washington 

Board on Science and Technology for International 
Development 

RALPI ff. SPOUCKIIR, Deanlr of International Studies and Programs,
Michigan State University, la"st Lansing, ('hairman 

Members 

JORI)ON J. IARU('Hl, President, Jordan l3aruch Associates, Washington, 
D.C. 

Pi+TER D. P3tLi.,President, The Edna McConnell Clark Foundation. 
New York, New York 

GE()RG(I-T. CtLIN, The logartV International Center, The National 
Institutes of' Ilealth, Bchesda, Maryland


DIRK FRANK:N '.Rc;, I)ilcclor. 
Marine Science Program, University 
of' North Carolina, ('hapel IHill 

1L II.EN I.. 'ROSI, ('orporate l)irector. International Affairs, United 
'l'echnologies Corporaltioll. Washington. I).C.


FRIDIIICK HIRNI-, DeIan the of'
of College Science, Oregon State
 
University, Corvallis
 

R(n.,'wr KATlS, l)irector, Alan Shaw [cinstein 
 World Hunger Pro
gram, Brown University, Providence, Rhode Island 

CuHARLES C. MUS()I'tAI.. IixectlIive Vice President, Molecular Ge
netics. Inc.. Minnetonka , Minnesota 

ANTI()NY SAN PtI.1RO, Prtofessor of Plant ijochcmistry, Indiana 
University, lBloomington

ALEXANDIT SIt,,K)W, Director, Strategic Planning Review& De
partment, The World 3ank, Washington, D.C.

BARIBARA I). WI: .i'n,sr Associate Dean, Office of Research, University 
of, California, Davis 

GERAI) P. DINIEN, Foreign Secretary, National Academy of Engi
neering, ex olfi(io 



409 
WILLIAM F. GORDON, Foreign Secretary, National Academy of Sci

ences, ex officio 

Board on Science and Technology for International Development 
Publications and Information Services (HA-476E) 
Office of International Affairs 
National Research Council 
2101) Constitution Avenue, N.W. 
Washington, D.C. 20418 USA 

How to Order BOSTID Reports 

BOSTII) manages programs with developing countries on behalf of 
the U.S. National Research Council. Reports published by BOSTID 
are sponsored in most instances by the U.S. Agency for International 
)evelopment. They are intended for distribulion to readers in devel

oping countries who are affiliated with governmenal, edtucational , or 
rscarch inst it i ... , iid who have 1-.-ofessionatl interest in the subject 
areas treated by the reports. 

IM()STII) books are availahle from selected international dis:ribultors. 
For more efficient And Cxpedicnt service, p'easc place your order with 
your local distributor, (Sec list on haack page.) Requestors from areas 
not yet represcnled by a distributor should send their orders directly 
to B()STI) at the above add,-ess. 

Energy 

33. Alcohol Fuels: Options for Developing Countries. 1983, 128pp.
Examines the notential for the production and utilization of alcohol 
fuel.i in developing coLntries. Includes information on various tropic:d 
crops and their con version to alcohols throu1gh hoth traditional and 
novel processes. ISBN 0-3091)--04160-0. 

36. Producer Gas: Another Fuel for Motor Transport. 1983, 112pp.
uring World War Ii Europe and Asia used wood, charcoal, and coal 

to fuel noic than a million gasoline and diesel vehicles. However, the 
technology has since been virlually forgotten. This report reviews 
producer gas and its modern potential. IS13 N 0-309-04161-9. 

56. The )iffusion of Bionass Energy Technologies in Developing Coun
tries. 1984, 120pp. Examines economic, cultural, and poliliCal factors 
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that affect the introduction of biomass-based energy technologies in
 
developinj, countries. It includes information on the opportunities for
 
these technologies as well as conclusiors and recommendations for
 
their application. ISBN 0-309-04253-4.
 

Technology Opticns 

14. More Water for Arid Landy: Promising Technologies and Research 
Opportunities. 1974, 153pp. Outlines little-known but promising tech
nologies to supply and conerve water in arid areas. ISBN 0-309
04151-1.
 

21. Making Aquatic Weeds Useful: Some Perspectives for D~eveloping 
Countries. 1971), 175pp. l)escribes wav> to exploit ,tij1atic weeds f1o1 
grazing, and by haivcsting and processing for use as compost, animal 
feed, pulp, paper, and fuel. Also describes utilization for sewage and 
industrial waslewater. ISBN 0-309-0I41I3-X. 

34. Priorities in Biotechnology Research for International )evelopment: 
Proceedings of' a Workshop. 1982. 261pp. Report of a workshop 
organized to examine opportlnilties, For bhioechnology research in six 
areas: I ) vaccines, 2) animnal production. 3)monoclonal antibodies. 4) 
energy, 5) biological nitrogen fixation, and 0) plant cell and tissue 
culture. IS1,N 0-309-0-1256-9. 

61. Fisheries Technologies for Developing Countries. 1987, 167pp. 
Identifics newcr tcchnologies in boat building. fishing gear and methods, 
coastal mariculturc., artilicial ree's and fish aggregating devices, and 
processing and presCrvation of ihe catch. The emphasis is on practices 
suitable for artisanal fisheries. IS13N 0-309-9f4260-7. 

Plants 

25. Tropical Legumes: Resources for the Future. 1979, 331 pp. Describes 
plants of the family Leguminosac, including root crops, pulses, fruits, 
forages, timber and wood products, ornamentals, and others. ISBN 
0-309-04154-6.
 

37. Winged Beau: A High Protein Crop for the 'Tropics. 1981, 2nd 
edition, 59pp. An update of' BOSTID's 1975 report of' this neglected 
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tropical legume. Describes current knowledge of winged bean and its 
promise. ISBN 0-309-04162-7. 

47. Amaranth: Modern Prospects for an Ancient Crop. 1983, 81pp. 
Before the time of Cortez, grain amaranths were staple foods of the 
Aztec and Inca. Today this nutritious food has a bright future. The 
report discusses vegetable amaranths also. IS13N 0-309-04171-6. 

53. jojoba: New Crop for Arid Lands. 1985, 102pp. In the last 10 years, 
the domestication of jojoba, a little-known North American desert 
shrub, has been all but completed. This report describes the plant and 
its promise to provide a unique vegetable oil and many likely industrial 
uses. IS13N 0-309-04251-8. 

63. Quality-Protein Maize. 1988, 100pp. Identifies the promise of a 
nutritious ncw form ef the planet's third largest food crop. Includes 
chapters on the importance of maize, malnutrition and protein quality, 
experiences with quality-protein maize (QPM). QPM's potential uses 
in feed and food, nutritional qualities, genetics, research needs, and 
limitations. IS13N 0-309-04262-3. 

64. Triticale: A Promising Addition to the World's Cereal Grains. 1989, 
105pp. Outlines the recent transformation of triticale, a hybrid between 
wheat and rye. into a food crop with much potential for many marginal 
lands. IncIuIdes chapters on Irticale's history. nUtritional quality, 
breeding, agronomy. food and feed t es. research needs, and limita
tions. ISBN ()-309-04203-l. 

67. Lost Crops of the Incas. 1989, approx. 415pp. The Andes is one of 
the seven major centers of plant domestication, but the world is largely 
unfamiliar with its native food crops. When the Coniuistadores brought 
the potato to Europe, they ignored the other domesticated Andean 
crops - fruits, legumes, tubers, and grains that had been cultivated 
for centuries by the Incas. This book focuses on 30 of the "'forgotten" 
Inc n crops that show promise not only f'or the Andes, bul for warm
tempera:e, subtropical, and uplaInd tropical regions in many parts of 
the world. IS13N 0-309-04264-X 

69. Saline Agriculture: Salt-Tolerant Plants for Developing Countries. 
1989, approx. 150pp. The purpose of this report is to create greater 
awareness of salt-tolerant plants and the special needs they may fill in 
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developing countries. Examples of the production of food, fodder,
fuel, and other products are included. Salt-tolerant plants can use land 
and water unsuitable for conventional cropE and can harness saline 
resources that are generally neglected or considered as impediments 
to, rather than opportunities for, development. ISBN 0-309-04266-6. 

Innovations in Tropical Forestry 

35. Sowing Forests fror, the Air. 1981, 64pp. Describes experiences
with establishing forests by sowing tree seed from aircraft. Suggests
testing and development of' the techniques for possible use where 
forest destruction now outpaces reforestation. ISBN 0-309-04257-7. 

40. Firewood Crops: Shrub ail Tree Species for Energy Production. 
Volume 11, 1983. 92pp. Examines the selection of species of woody
plants that seem suitable candidattes for fuelwood plantations in 
developing countries. ISBN 0-30)9-0416-1-3 (Vol. 11). 

41. Mangium and Other Fast-Growing Acacias for the Humid Tropics.
1983, 63pp. Highlights It)acacia species that are native to the tropical
rainforest of Australasia. That they coLId become valuable forestry 
resources elsewhere is suggested by the exceptional performance of 
Acacia mang'iutn in Malaysia. ISBN 0-309-04165-I. 

42. Calliandra: A Versatile Small Tree for the Humid Tropics. 1983,
56pp. This Latin American shrub is being widely planted by the 
villagers and government agencies in Indonesia to provide firewood, 
prevent erosion, provide honey, and feed livestock. ISBN 0-309
04166-X. 

43. Casuarinas: Nitrogen-Fixing Trees for Adverse Sites. 1983, 1l8pp.
These robust, nitrogen-fixing, Australasian trees could become va!uable 
resourcvs for planting on harsh, eroding land to provide fuel and 
othes prodticts. Eighteen species for tropical lowlands and high
lands, temperate zones, and semiarid regions are highlighted. ISBN 
0-309-04167-8.
 

52. Leucaena: Promising Forage and Tree Crop in Developing Countries. 
1984, 2nd edition, 100pp. Describes a multi-purpose tree crop of 
potential value for much of the humid lowland tropics. Leucaena is 
one of the fastest growing and most useful trees for the tropics. ISBN 
0-309-04250-X.
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Managing Tropical Animal Resources 

32. The Water Buffalo: New Prospects for an Underutilized Animal. 
1981, 188pp. The water buffalo is performing notably well in recent 
trials in such unexpected places as the United States, Australia, and 
Brazil. Report discusses the animal's promise, particularly emphasizing
its potential for use outsid.e Asia. ISBN 0-309-04159-7. 

44. Butterfly Farming in Papua New Guinea. 1983, 36pp. Indigenous
butterflies are being reared in Papua New Guinea villages in a formal 
government program that both provides a cash income in remote rural 
areas and contributes to the conservation of wildlife and tropical
forests. IS13N 0-309-04168-6. 

45. Crocodiles as a Resource for the Tropics. 1983, 60pp. In most parts
of' the tropics, crocodilian populations are being decimated, but 
programs in Papua New Guinea and a few other countries demonstrate 
that, with care. the animals can be raised for profit while protecting
the wild populations. IS13N 0-309-04169-4. 

46. Little-Known Asian Animals with a Promising Economic Future. 
1983, 133pp. )escribes banteng, madura, mithan, yak. kouprey, ba
birusa, Javan warty pig, and other obscure but possibly globally useful 
wild and domesticated animals hat are indigenous to Asia. ISBN 0
309-04170-8. 

Health 

49. Opportunities for the Control of Dracunculiasis. 1983, 65pp. Dra
cunculiasis is a parasitic disease that temporarily disables many people
in remote, rural areas in Africa, India, and the Middle East. Contains 
the findings and recommendations of distinguished scientists who were 
brought together to discuss dracunculiasis as an international health 
problem. IS13N 0-309-04172-4. 

55. Manpower Needs and Career Opportunities in the Field Aspects of 
Vector Biology. 1983, 53pp. Recommends ways to develop and train 
the manpower necessary to ensure that experts will be available in the 
future to understand the complex ecological relationships of vectors 
with hlaman hosts and pathogens that cause such diseases as malaria,
dengue fever, filariasis, and schistosomiasis. ISBN 0-309-04252-6. 
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60. U.S. Capacity to Address Tropical Infectious Diseases. 1987, 225pp. 
Addresses U.S. manpower and institutional capabilities in both the 
public and private sectors to address tropical infectious disease prob
lems. ISBN 0-309-04259-3. 

Resource Management 

50. Environmental Change in the West African Sahel. 1984, 96pp. 
Identifies measures to help restore critical ecological processes and 
thereby increase sustainable production in dryland farming, irrigated 
agriculture. forestry and fllelwood, and animal husbandry. Provides 
baseline information for the formulation of environmentally sound 
proJects. ISBN 0-309-04173-2. 

51. Agroforestry in ',he West African Sahel. 1984. 86pp. Provides 
development planners with in format ion regarding traditional agro
forestry systems-their relevance to the modern Sahel, their design, 
social and institutional considerations, prObflems 1COUntered in the 
practice of agroforestry. and criteria for the selection of appropriate 
plant species to be used. ISBN 0-309-04174-0. 

General 

65. Science and Technology for )evelopment: Prospects Entering the 
Twenty-First Century. 1988. 79pp. This report commemorates the 
twenty-fifth anniversary of the U.S. Agency for International Devel
opment. The symposium on which this report is based provided an 
excellent opportunity to describe and assess the contributions of science 
and technology to the development of Third World countries and to 
focus attention on what science and technology are likely to accomplish 
in the decades to come. 

Forthcoming Books from BOSTID 

The Improvement of Tropical and Subtropical Rangelands. 1989. This 
report characterizes tropical and subtropical rangelands, describes 
social adaptations to these rangelands, discusses the impact of socio
economic and political change upon tI , management of' range re
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sources, and explores culturally and ecologically sound approaches to 
rangeland rehabilitation. Selected case studies are included. 

68. Microlivestock: Little-Known Small Animals with a Promising 
Economic Future. 1989, approx. 30)t0pp. Discusses the promise if small 
breeds and species of livestock for Third World villages. Identifies 
more than 4(0 species, including miniature breedsi ,l"cattle, sheep, 
goats, and pigs, eight types of ponliry rabbits: guinea pigs and other 
rodents; dwarf deer and antelope: iguanas; and bees. ISBN 0-309
04265-8. 

Traditional Fermented Food.i. (1990) 
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