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Abstract

ECONOMIC BOTANY OF THE ANDEAN TUBER CROP COMPLEX: LEPIDIUM MEYENII.

OXALIS TUEBEROSA. TROPAEOLUM TUBEROSUM AND ULLUCUS TUBEROSUS

by

Steven Row King

Advisor: Dr. Ghillean T. Prance

The economic botany of  four species of  tuber crops endemic to South 

America i s  given.  These species,  Lepidium mevenii, Oxalis tube rosa , 

Tropaeolum tuberosum and Ullucus tuberosus,  are cu l t iv a t e d  in the 

Andes mountains fo r  food and medicine. These crops are discussed in 

the context  of  global food production, mountainous environments, crop 

genet ic  resources  and Andean cu l tu re  and d i e t .  Basic data on the 

p reh is to ry ,  reproductive biology,  indigenous c l a s s i f i c a t i o n ,  

d i s t r i b u t i o n ,  ag r i c u l tu r a l  cycle and u t i l i z a t i o n  of  each species are 

presented.  The n u t r i t io n a l  value and v a r i a b i l i t y  of  these  crops,  

including previously unreported e s sen t i a l  amino acid values,  are 

included and compared to  o ther  major crops.  The known secondary 

compounds presen t  in these species are discussed in r e l a t io n  to t h e i r  

medicinal uses,  including new data on oxal ic  acid l eve ls  in Oxalis 

tube rosa . One of  these  crops, Oxalis tuberosa . i s  c u l t iv a ted  outside  

of the  Andean range in Mexico and New Zealand. The d i s t r i b u t i o n ,  

d iv e r s i t y ,  c u l t i v a t i o n s  systems and u t i l i z a t i o n  of  Oxalis tuberosa in 

Mexico are presented .  F ina l ly ,  global ag r ic u l tu ra l  research 

p r i o r i t i e s  are examined in r e l a t io n  to  the presen t  and fu tu re  

conservation and u t i l i z a t i o n  of Andean tuber  crop germplasm.
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Chapter One - Introduction and Rationale fo r  Research

The Andean region of  South America i s  one of  the e igh t  cente rs  of 

o r ig in  o f  c u l t iv a t e d  p lan ts  described by Vavilov (1951). There i s  

also strong evidence t h a t  the  southern Peruvian Andes i s  one of  four 

areas in the world where the independent invention of  a g r ic u l tu re  took 

place (Hawkes, 1983). In the Andean region the re  are more then twenty 

endemic crops t h a t  have been and are cu r ren t ly  important sources of  

n u t r i t i o n  to  more then 9 mi l l ion  people l iv ing  between 2500 to  4500 

m. The potato and the tomato have been the subjec t  of  worldwide crop 

development and are now commonly grown throughout the world. There 

are,  however, many o ther  important food crops t h a t  were domesticated 

in the Andes but they are poorly known s c i e n t i f i c a l l y .  The sub jec t  of  

t h i s  t h e s i s  considers i s  four  of  these  crops,  Lepidium mevenii Walp., 

Oxalis tuberosa Mol., Tropaeolum tuberosum R. & P. and Ullucus 

tuberosus Caldas and the environment in which they were domesticated.

Select ion Of Species For Research 

The f i r s t  crop,  Lepidium mevenii has been declared a cu l t igen  in 

danger o f  ex t in c t io n  (IBPGR, 1982) and th a t ,  combined with i t s  o ther  

unique crop c h a r a c t e r i s i s t i c s ,  i s  the r a t i o n a le  fo r  including i t  in 

t h i s  research .  Lepidium mevenii. in add i t ion ,  contains sp e c i f i c  

secondary compounds al so  found in Tropaeolum tuberosum (Johns, 1981) 

which i s  discussed in Chapter 7.
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Oxalis t uberosa. Tropaeolum tuberosum and Ullucus tuberosus (Fig. 1) 

have been inve s t iga ted  as a group because they are re la ted  through 

Andean c u l tu r e ,  morphology and ecogeographic d i s t r i b u t i o n .  These 

tubers are of ten  grown toge ther and i f  not ,  farmers wil l often grow 

some of each in separate f i e l d s .  One o ther  reason fo r  examining these 

crops as a group i s  t h a t  published data on the crops i s  f requent ly  

inaccurate due to confusion caused by the morphological s i m i l a r i t y  of  

the tubers  of  Oxalis tuberosa and Tropaeolum tuberosum. With the 

exception o f  Lepidium mevenii. these crops are widespread in the 

Andean reg ion,  but several  o ther  roo ts  and tubers  are al so  cu l t iv a t e d  

in the Andes and some of  them have been introduced to  small scale 

growers in the United S ta tes  and New Zealand.

In te rna tiona l  Research 

In the pas t  few years  the re  has been an an emerging in te rna t iona l  

research emphasis on l i t t l e  known crop genet ic  resources of  the Andean 

region (King 1986; 1987; King & Gershoff , 1987; King & Vietmeyer, in 

press ;  Vietmeyer, 1985; 1986; 1987). In March, of  1984 the United 

S ta tes  National Research Council (NRC) held a seminar on 

underexploited Andean crops.  This meeting brought toge ther  the author 

and f i f t e e n  o the r  researchers  with expe r t i s e  in Andean crops to 

discuss the fu tu re  prospects  fo r  increasing the u t i l i z a t i o n  and 

d i s t r i b u t io n  of  crop p lan t s  na t ive  to  the  Andean region.  The Board on 

Science and Technology fo r  In te rna tiona l  Development (BOSTID) of  the 

National Academy of  Sciences i s  now f in i sh in g  a book on underexploited 

Andean crops.
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Fig. 1. Morphological va r ia t ion  of  th ree  species of  Andean

tubers  a t  one l o c a l i t y  in La Paz, Bolivia.  A. Tropaeolum 

tuberosum. B, Oxalis tube rosa . C, Ullucus tube rosus . 

Largest tuber  is  170 mm x 25.0 mm
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The In te rna tiona l  Development Research Centre (IDRC) of  Canada has 

also  supported research on Andean crops through gran ts  to individua ls  

and most r ecen t ly  by providing support fo r  the F i f th  In te rna tiona l  

Congress on Andean crops in Puno, Peru, in March 1986. The I n s t i t u t o  

Interamericano de Ciencias Agricolas (IICA) has al so  been supporting 

research on endemic Andean crops over the pas t  23 years (Fries & 

Tapia, 1986).

In 1971 several in t e rna t iona l  donor agencies and the Food and 

Agricul ture Organization of  the United Nations (TAO) l a id  the 

groundwork fo r  the c rea t ion  of an organizat ion  to  coordinate  the 

a c t i v i t i e s  of  count r ies  working to  conserve crop p la n t  genet ic  

resources (Baum, 1986). As a r e s u l t  o f  these i n i t i a t i v e s  the 

In te rna t iona l  Board of  Plant  Genetic Resources (IBPGR) was crea ted  in 

1974 and mandated to f a c i l i t a t e  the c o l l e c t io n ,  evalua tion,  

preserva t ion  and d i s t r i b u t i o n  of  crop p la n t  germplasm (Pluncknett  e t  

a l . ,  1983). The IBPGR is  based in Rome a t  the FAO, and i t  i s  one of  

the 13 In te rna t iona l  Agricul tu ra l  Research Centers (IARCs) t h a t  are 

supported by the Consultat ive  Group On In te rna t iona l  Agricultural  

Research (CGIAR).

In April o f  1982 the Junta del Acuerdo de Cartagena (JUNAC), the 

Board of  the Andean Pact and IICA met in Lima, Peru, to  assess  the 

s t a t u s  and p r i o r i t i e s  of  crop p lan t  germplasm in the Andean region 

(IBPGR, 1982). Each country supplied a l i s t  of  exper t s ,  holdings of  

co l l e c t io n s ,  assessment of  genet ic  erosion in crops,  and conservation 

needs. All of  the count ri es  reported genet ic  erosion due pr im ar i ly  to  

the in t roduction  of  new and improved crops.
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The group id e n t i f i e d  crops in which the s i t u a t io n  was considered 

espec ia l ly  se r ious ,  and Andean tube rs ,  as pa r t  of  secondary Andean 

crop p r i o r i t i e s ,  were designated as endangered crops. The p r i o r i t i e s  

agreed upon by the member count ries  declared an emergency s i tu a t io n  

for  Lepidium mevenii in Peru and the same fo r  Oxalis tube rosa . Ullucus 

tuberosus and Tropaeolum tuberosum in Bolivia (IBPGR, 1982).

Crop Diversi ty and Global Food Supply 

One of  the aims of  t h i s  research i s  to  place these four minor 

Andean root  and tuber  crops within the context  of  world food 

production and the po ten t ia l  expansion of  the global crop base. 

Present ly  50% of  the worlds c a l o r i e s  derived from p lan ts  are obtained 

from th ree  crops: wheat, r i c e  and maize (Wilkes, 1983). The United 

S ta tes  has tended toward u t i l i z i n g  fewer and fewer v a r i e t i e s ,  c rea t ing  

a narrow base o f  crop d iv e r s i t y  and a high degree of  genet ic  

v u ln e ra b i l i ty  (National Academy of  Sciences, 1972). The e f f e c t s  of  

t h i s  crop v u ln e ra b i l i t y  have been f e l t  in the U. S. food production 

system. In 1970 the Southern Leaf Blight wiped out 15% of the hybrid 

corn in the America and cos t  farmers roughly one b i l l i o n  d o l l a r s  in 

losses  (Doyle, 1985). As Wilkes has pointed out ,  a s im i la r  crop 

f a i l u r e  in coun t r ies  such as Guatemala or  Kenya, where people derive 

h a l f  of  t h e i r  c a l o r i e s  from corn,  would be d i s a s t ro u s .  However, in 

1982, 40% of  the  United S ta tes  potato crop was s t i l l  planted to  one 

v a r i e ty ,  the Russet Burbank (Doyle, 1985). There are several  economic 

and l e g i s l a t i v e  reasons fo r  t h i s  continued use of  only a few 

" re l i a b l e "  v a r i e t i e s  but i t  i s  ques t ionable  as to  whether the same
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t r end  should be advocated in l e s s e r  developed coun t r ies .  This is  

espec ia l ly  t r u e  in regions where the re  i s  considerable genet ic  

va r ia t ion  in endemic food crops and a high d iv e r s i t y  of  environments, 

as i s  the case in the Andes mountains.

Mountainous Environments

Worldwide i t  i s  estimated th a t  as much as 10% o f  the population 

l i v e s  in mountainous regions and a t  l e a s t  30 mi l l ion people l i v e  in 

the 3 m i l l ion  hec tares  of  s teep ly  sloping regions of  the Andes,

Central America and the Caribbean (Hawtin & Mateo, 1987). In Ecuador 

20.5% of the ru ra l  populat ion l i v e s  in the highlands, and the major i ty 

of  these  inhab i tan ts  are indigenous (Tola Cevallos e t  al. . ,  in 

p re s s ) .  In Peru 50% of  the  country i s  mountainous; 25% of the 

population l i v e s  the re ,  and 21% of  the n a t io n ' s  ag r i c u l tu r a l  output  i s  

produced the re  (Mateo & Tapia, in p re s s ) .  In Bolivia ,  in 1970, i t  was 

estimated t h a t  78% of the populat ion l i v e  in mountainous environments, 

above 2500 m ( L i t t l e ,  1981a). Outside of  the  Andean region,  la rge  

numbers of  people l i v e  and farm in mountainous h a b i t a t s .

In the Himalayas 85% of  the populat ion of  Tibet  l i v e  and produce 

food a t  e leva t ions  above 4000 m (Hong, in p re s s ) .  In 1986 the 

Himalayan kingdom of Nepal recorded a food d e f i c i t  o f  331,000 tons ,  

and in Nepal 56% of the  population l i v e  in mountainous regions th a t  

comprise 77% of the t o t a l  area of  the country (Bha ttarai  e t  a l . ,  in 

p re s s ) .  There are al so  mountainous regions in o the r  count ries  of  the
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Hindu Kush-Himalayan region including Afganistan,  Bangladesh, Bhutan, 

Burma, China, India and Pakistan.  The to t a l  population of the Hindu 

Kush-Himalayan region has been estimated to  be in excess of  125 

mi l l ion  people (Maharjan e t  a l . ,  in p re s s ) .  There are also 

mountainous reg ions of  Afr ica t h a t  are important areas of  food 

production to  s i g n i f i c a n t  numbers of  people.

African mountainous environments ( in t h i s  case land above 1500 m) 

are present  in a t  l e a s t  20 d i f f e r e n t  coun t r i e s ,  and in these  nat ions  

these environments are the main areas of  hab i ta t io n .  Countries th a t  

have a high percentage of  mountainous environments are Rwanda (84,4%); 

Burundi (45.8%); Ethiopia (40.1%); Reunion Is lands  (21.9%); Tanzania 

(20.2%) and Kenya (18.9%) (Getahun & Kirby, in p re s s ) .  In Ethiopia 

and Kenya 88% and 80% respec t ive ly  of  the populat ion l i v e  in 

mountainous environments and s im i la r  to  o ther  mountainous regions ,  

these  areas are under g rea t  s t r e s s  t h a t  has caused la rge  outmigrat ions 

of  populat ion (Getahun & Kirby, in p re s s ) .  Mountainous ecosystems a l l  

over the  world share several  environmental l im i t a t i o n s  th a t  a f f e c t  

human hab i ta t io n  and a g r ic u l tu re .

Mountainous environments are t y p i f i e d  by extreme environmental 

condit ions  t h a t  have st imulated adaptive responses in humans, p lan ts  

and animals. These condit ions include:  lower atmospheric pressure,  

low minumum temperatures;  a la rge  range of  diurnal  temperatures;  low 

humidity, high winds; heavy seasonal r a in s  followed by a dry season; 

poorly developed shallow s o i l s  t h a t  are prone to e ros ion;  earthquakes; 

lands l ides  and mud flow t h a t  produce rap id d e s t ru c t iv e  changes; and 

high le v e l s  o f  cosmic and s o la r  r ad ia t io n  ( L i t t l e ,  1981a).
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The bio logica l  e f f e c t s  of  high a l t i t u d e  on human beings in the 

Andean region have been the subject  of  m u l t id i sc ip l in a ry  research 

(Baker & L i t t l e ,  1976; Baker, 1978). One of  the most predominant 

ecological  c h a r a c t e r i s t i c s  of  highland regions i s  the exis tence  of  

micro-hab i ta t s  t h a t  are the r e s u l t s  of  changes in a l t i t u d e ,  s lope,  

cl imate and o r i e n t a t i o n .

These micro-hab i ta t s  have f a c i l i t a t e d  the evolution of  a wide 

d i v e r s i t y  of  p lan t  species and v a r i e t i e s ,  including p lan ts  se lec ted  

fo r  a g r i c u l tu r e  by humans. In the pas t  two decades the la rge  numbers 

of  people l i v in g  in demanding, f r a g i l e  mountain ecosystems and the 

high d i v e r s i t y  of  crop p lan ts  t h a t  have been domesticated the re  have 

st imulated  in te rna t iona l  development organ izat ions  to include 

mountain people and t h e i r  resource base as par t  o f  t h e i r  

organ izat ional  p r i o r i t i e s .

In te rna t iona l  research on mountain people and highland environments 

has been increas ing over the past  th ree  decades fo r  several  reasons.  

The primary reason i s  t h a t  nat ional  governments, development 

organiza t ions  and s c i e n t i s t s  have rea l ized  the f r a g i l i t y  of  

mountainous ecosytems. The technica l  understanding of  the  dynamics of 

highland areas i s  l imi ted  by a lack o f  thorough s c i e n t i f i c  da ta  from 

many f i e l d s .  In 1971 the f i r s t  session of  the in te rna t iona l  

Co-ordinating council o f  the Man and the Biosphere programme (MAB) was 

held in P a r i s .  At t h i s  meeting t h i r t e e n  s c i e n t i f i c  p ro jec t s  were 

proposed and ou t l ined ,  including P ro jec t  6, the impact o f  human 

a c t i v i t i e s  on mountainous environments ( L i t t l e  e t  a l . ,  1981).
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The aims o f  p ro jec t  6 were par t  of  the now well known la rg e r  goals of  

the MAB programme (Unesco, 1973). The i n i t i a l  worldwide approach of  

s tudying mountain ecosystems evolved in to  a regional  focus on the 

Andean zone t h a t  produced a state-of-knowledge repo r t  covering the 

e n t i r e  Andean zone ( L i t t l e ,  1981b; Baker, 1982b and Johnson, 1982)

The repo r t s  were produced with the  involvement of  s p e c i a l i s t s  from six 

Andean co u n t r i e s .  The f indings  of  the repo r ts  are intended to  

i l l u s t r a t e  problems and prospects  t h a t  are appl icab le  to  o ther  

mountainous regions of  the world. Several o ther  in te rna t iona l  

organ izat ions  are al so  now focusing on mountainous people and t h e i r  

environment.

In 1984 The In te rna t iona l  Centre fo r  In tegra ted  Mountain Research 

and Development (ICIMOD) began i t s  a c t i v i t i e s  in Kathmandu, Nepal.

One of  i t s  f i r s t  ob jec t ives  was to  review environmental management and 

development experiences in the Hindu-Kush-Himalaya region.  In 

February of  1987 ICIMOD, the Nepali Ministry of  Agriculture  and the 

IDRC of Canada, sponsored a f ive  day in te rna t iona l  workshop on 

Mountain Agr icu lture  and Crop Genetic Resources (ICIMOD, 1987). 

Agricu ltura l  s p e c i a l i s t s  from twenty mountainous count ries  in Latin 

America, Afr ica and Asia presented papers on mountainous crops and 

farming systems. A system was s e t  up to  f a c i l i t a t e  the exchange of  

crops among these  a reas ,  and fu tu re  s c i e n t i f i c  exchanges were 

planned. One of  the f inanc ia l  sponsors of  the workshop, the IDRC, has 

been supporting research and development aimed s p e c i f i c a l l y  a t  the 

problems facing mountainous regions of  the  world (Hawtin & Mateo, 

1987).
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The United S ta tes  Agency fo r  In te rna tiona l  Development (AID) has 

also  recen tly  crea ted  a program th a t  is  focusing on humid t rop ica l  

lowlands and steep slopes in Latin America. The p ro jec t ,  ca l led  the 

Frag il e  Lands I n i t i a t i v e ,  includes ac t ions  th a t  are d i rec ted  to 

immediate, medium, and long term ob jec t ives  fo r  addressing the 

problems of  the d e t e r io r a t io n  of  f r a g i l e  lands in Latin America 

(P luncket t ,  1987). One aspect of t h i s  program involves the crea t ion 

of  Development S t r a t eg ie s  fo r  Frag il e  Lands (DESFIL) p ro je c t .  The 

DESFIL group will  conduct assessments of  f r a g i l e  land problems, 

develop s t r a t e g i e s  fo r  addressing these problems, c rea te  data bases 

and research networks dealing with f r a g i l e  lands i ssues  and serve as 

the coordina ting agency fo r  long-term p ro jec t s .  The work of  ICIMOD, 

IDRC and U. S. AID are only a few examples of  research  and development 

d i rec ted  a t  mountainous environments.

Within the  Andean region the re  has al so  been a re-emergence of 

i n t e r e s t  in developing and promoting na t ive Andean crop genetic  

resources .  There are more then 20 crops th a t  were domesticated in the 

mountainous regions of  South America. The Conquistadores who invaded 

Peru in 1531 were pr im ar i ly  in te re s ted  in minerals and other  forms of  

t r a n s f e r a b l e  wealth (Vietmeyer, 1986). With the exception of  Solanum 

tuberosum, the pota to ,  they paid l i t t l e  a t t en t io n  to  the endemic crops 

t h a t  sustained Andean people.  One of  the l inger ing  r e s u l t s  of  t h i s  

a t t i t u d e  i s  t h a t  many re s iden t s  of  c i t i e s  such as Bogota, Quito and 

Lima know l i t t l e  or nothing of  the n u t r i t i o u s ,  r eg iona l ly  adapted 

crops th a t  susta ined the numerous advanced c i v i l i z a t i o n s  of  the Andes.
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Because of  t h i s  lack of  i n t e r e s t ,  these crops have become 

st igmatized as "peasant or  Indian food" and un t i l  r ecen t ly  most urban 

n u t r i t i o n  programs did not include these  crops in t h e i r  educational 

material  on hea lthy d i e t s .

Much has been published by Andean researchers  on the these roots  

and tubers :  (Blanco, 1977; Cardenas, 1948; 1958; Cortes,  1977, 

C a s t i l l o ,  1984; Leon, 1958; Nieto,  e t  a l . ,  1983; 1984; Rea, 1982; 

1984b; 1985; Tapia,  1984 and numerous unpublished Andean th e s i s  

p r o j e c t s ) ,  but t h i s  information r a r e ly  f inds i t s  vty in to  the 

in te rna t iona l  l i t e r a t u r e .  There i s  one o the r  group of  Andean experts  

th a t  has been working with these crops fo r  several thousand yea rs ,  the 

farmers themselves. The crops under inves t iga t ion  in t h i s  research 

are the products (coevolutionary products ,  sensu Johns,  1985) o f  human 

and p lan t  in t e r a c t io n s  over cen tur ies  (Rindos, 1980).

The cummulative expe r t i s e  th a t  farmers possess about t r a d i t i o n a l  

cu l t igens  i s  p a r t  o f  what has been termed indigenous a g r ic u l tu ra l  

knowledge (Richards,  1985). I t  has also  been pointed out  t h a t  

a g r ic u l tu ra l  research on t r a d i t i o n a l  cu l t igens  of ten  does not at tempt 

to  i n t e g ra te  the knowledge of  the farmers in to  crop improvement 

programs (Chambers, 1983; Pacey & Payne, 1985). Recent research in 

several  geographic areas in d ica te s  t h a t  t r a d i t i o n a l  peoples u t i l i z e  

and manage both wild and c u l t iv a ted  p lan ts  with soph is t ica ted  

environmental knowledge.
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Indigenous Agricul tu ra l  knowledge

Research by Balee (1986), using a combination o f  botanical  f o r e s t  

inventory techniques and anthropological interv iew methods in the 

Braz i l ian  Amazon, demonstrated t h a t  the Arawete people u t i l i z e  82% of 

the t r e e s  co l lec ted  in the inventory s i t e .  Each o f  the t r e e s  used has 

sp e c i f i c  names in the Arawete language, and the useful c h a r a c t e r i s t i c s  

of  each species i s  common knowledge among the group.

Related research with the Kayapo Indians of  Brazil by an 

an throp log is t  and eco log is t  revealed th a t  these  indigenous people not 

only c l a s s i f y  and use the resources of  wild h a b i t a t s ,  but they also  

ac t iv e ly  manage savanna hab i ta t s  (Posey, 1983; 1984; Anderson & Posey,

1985). These researche rs  demonstrate th a t  the Kayapo a c t iv e ly  c rea te  

and manage " is lands"  of  woody vegeta t ion ,  using organic matter  from 

te rmite  nes t s .  These is lands  of  vegeta t ion are pro tec ted  during 

annual burning and provide a constant  source of  p la n t  and animal 

resources fo r  nearby v i l l a g e s .  Research with c u l t i v a r s  of  Manihot 

esculenta  and the  Aguaruna Indians of  the Peruvian Amazon has shown 

th a t  na t ive  people s e l e c t  and maintain a high d iv e r s i t y  of  v a r i e t i e s  

of  t h i s  important t r o p i ca l  s tap le  (Boster,  1985). F ie ld  s tud ies  with 

non- tr iba l  mestizo populat ions in Amazonian ecosystems are  al so  

revea ling s o ph is t ic a ted  ag rofores t ry  systems u t i l i z i n g  annual , semi 

perenial  and perennial crops th a t  are consumed as well as sold fo r  

cash (Padoch e t  a l . ,  1985). Inves t iga t ions  with Andean farmers have 

documented s im i la r  examples of  human and p lan t  in t e r a c t io n s  in 

mountainous ecosystems.
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The indigenous ag r icu l tu ra l  knowledge of  Andean farmers has been 

documented by several researchers .  The Aymara Indians of  Peru and 

Bolivia  use clay  to  de toxify  w ater- inso luble  g lycoa lca lo ids  of  b i t t e r  

pota to  v a r i e t i e s  (Johns, 1986a), and t h i s  may have been an important 

component of  the domesticat ion of  the Solanum X a.ianhuiri potato 

complex (Johns, 1985). Johns & Keen (1985) and Huaman (1975) observed 

th a t  Aymara Indians u t i l i z e  t a s t e  to  eva luate t h e i r  crops.  The 

morphological and chemical va r ia t ion  of  t r a d i t i o n a l  potato c u l t i v a r s  

is  high.  Researchers have documented as many as 32 Solanum tuberosum 

c u l t i v a r s  in one Peruvian f i e l d  (Brush e t  a l . ,  1981). Brush showed 

th a t  the v a r i e t i e s  recognized were d i s t i n c t  c u l t i v a r s  because tubers  

with d i s t i n c t  names from the same l o c a l i t y  were morphological ly 

s im i la r  and e l e c t ro p h o re t i c a l ly  near ly  iden t ica l  a t  a high r a t e .  In 

add i t ion ,  the use of  t r a d i t i o n a l  ag r i c u l tu ra l  management of  a potato 

f i e l d  in Peru produced y ie ld s  as la rge  as any of  Peru 's  improved la rge  

sca le  ag r i c u l tu r a l  operat ion (Valladolid e t  a l . ,  1984). The above 

research suggests  t h a t  tube r  domesticates r e f l e c t  the n u t r i t io n a l  

c h a r a c t e r i s t i c s  of  high a l t i t u d e  ecosystems and th a t  tubers  se lec ted  

by humans are the r e s u l t  o f  cu l tu ra l  and bio logical  adapta t ions  to  the 

Andes.

Summary

Mountainous h a b i t a t s  provide a subsis tence  base to  people a l l  over 

the world, and they impose d i s t i n c t  environmental challenges to  both 

p lan ts  and people.  The d iv e r s i t y  of  crop plan ts  upon which the  

e a r t h ' s  population depends i s  dangerously narrow; and crops se lec ted  

in the  Andean zone have g rea t  po ten t ia l  fo r  u t i l i z a t i o n  in o the r

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-15-

areas of  the world. Several in t e rna t iona l  research and development 

organ izat ions  are cu r ren t ly  placing emphasis on mountainous people,  

crops and environments. In te rna tiona l  ag r ic u l tu ra l  research d i rec ted  

towards Andean crops has been inc reas ing over the pas t  th ree  decades. 

Andean farmers themselves are inc reas ingly  being recognized as 

ag r i c u l tu ra l  experts  t h a t  posses cen tu r ie s  of  cumulative indigenous 

ag r i c u l tu r a l  knowledge. More bas ic and applied research should be 

conducted to  f a c i l i t a t e  the preservat ion  and improvement of  many of 

these gene t ic  resources .

This th e s i s  was undertaken to  answer basic research questions 

about these  crops.  These quest ions and the in v e s t ig a t iv e  approaches 

and methodology employed are out l ined  below.

General Research Questions and Goals

1) What i s  the d i s t r i b u t i o n ,  ag r i c u l tu r a l  cycle ,  method of 

u t i l i z a t i o n ,  vernacular  names, s p e c i f i c  c u l t i v a r  names and cu rrent  

importance of  these crops in the Andean region.

2) What i s  the v a r i a b i l i t y  of  the bio logical  food value of four 

Andean crops,  and the importance of  these  crops in the d i e t  of  Andean 

people.

3) What i s  the s t a tu s  of  the d i v e r s i t y  of  the germplasm of these 

crops and to  what ex ten t  has any of  these  four crops been accepted 

outside the Andean zone.

4) How and where might these  crops be d i s t r i b u t e d  and u t i l i z e d  in 

other  areas of  the world.
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Inves t iga t ive  Approaches and Methodology

1) The c u l t i v a t i o n  and u t i l i z a t i o n  of  four crops was examined in 

six teen  d i s t i n c t  l o c a l i t i e s  in four count ries  in Central and South 

America. In each country mul t ip le  methods were u t i l i z e d  to obtain 

da ta .  This included d i r e c t  p a r t i c ip a t io n  in and observation of  the 

process of  c u l t i v a t i o n ,  and harves t .  I interviewed men and women in 

the f i e l d s  and in the household where the crops were prepared and 

s to red .  Market vendors were a lso  important as sources of  both tuber  

material  and information about p r ice ,  d i s t r i b u t i o n  and r e l a t i v e  

regional  importance of  the crops.

2) I examined the n u t r i t io n a l  composition of  these  four  species from 

nine of  the  above mentioned research l o c a l i t i e s .  The analysi s  

included proximate,  e s s e n t i a l  amino acid and le v e l s  of  oxal ic  acid.

In order to  t e s t  the e f f e c t s  of  t r a d i t i o n a l ,  long term preserva t ion  on 

these  crops,  the  material  used was both f resh  and several  years  old.

3) I s tudied  the  c u l t i v a t i o n  methods and cu l tu ra l  v a r i a t io n  of the 

these  methods in numerous reg ions.  The research was conducted in the 

f i e l d  with s p e c i a l i s t s  from many d i s c i p l in e s  including,  Quechua 

speaking an th ropo log is ts ,  agronomists,  taxonomists,  ethnobotan is t s  and 

economic b o ta n i s t s .

4) I worked with agronomists from the Andes, Nepal and New York in 

order to  f a c i l i t a t e  the exchange o f  knowledge and contac ts  between 

s c i e n t i s t s  in Andean coun t r ies ,  North America, Europe Afr ica and 

Asia.  Experimental crop germplasm was d i s t r i b u te d  to  s c i e n t i s t s  in 

the Old and New world.
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Chapter 2 - Related Species of  Endemic Andean Crops

In t h i s  in v e s t ig a t io n ,  four species (Lepidium mevenii, Oxalis 

tube ro sa . Tropaeolum tuberosum and Ullucus tuberosus)  are discussed 

but the re  are several o ther  endemic Andean roo ts ,  tube rs ,  g ra in s  and 

legumes presented in Table I which are not discussed.  Several Andean 

crop s p e c i a l i s t s  from Latin America, North America and Europe have 

suggested t h a t  o the r  Andean root  and tube r crops be included in t h i s  

research .  The reasons fo r  including these  four crops were ou tl ined  

above. Basic da ta  on several  o the r  Andean crops are included as no 

discuss ion o f  endemic Andean crops would be complete without  some 

information on these  crops.  The recent  h is to ry  of  Andean crop 

research a c t i v i t i e s  i s  then presented to  place these  crops in the 

context  of  the Andean crop research network.

Below Arracacia xanthorrhiza Bancr. ,  Canna edu l i s  Ker-Gawl,

Polvmnia sonch i fo l ia  Poepp. & End!.,  M irab i l i s expansa R. & P . ,  and 

Pachvrhizus a.iipa (Wedd.) Parodi are b r i e f l y  d iscussed .  One o f  the 

other  widely c u l t iv a t e d  roo t  crops i s  Arracacia xanthorrhiza 

"ar racacha,"  a member of  the Umbel 1i f e r a e  family.  Arracacia 

xanthorrhiza i s  a perennial  crop t h a t  produces t h i c k  sta rchy ro o ts .

I t  i s  u sually  vege ta t ive ly  propagated; and i t  i s  a common house garden 

crop from Venezuela to  Bolivia a t  e leva t ions  of  1500-2500 m. I t s  

c u l t iv a t io n  was spread to  Southern Brazil by Andean s c i e n t i s t s  in the 

l a t e  1960's,  where i t  was succesfu lly  introduced (NAS, 1975; Rea, 

1984a).
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Table I

Selected Species of  The Andean Crop Complex

Species Common Name

Roots and Tubers

Arracaia xanthorrhiza arracacha

Canna edul is achira

M irab i l i s  expansa mauka

Pachvrhizus a.iipa a j ipa

Polvmnia sonch i fo l ia yacon

Grains

ChenoDodium D all id icau le kaniwa

Chenooodium auinona quinoa

Amaranthus caudatus kiwicha

Legumes

LuDinus mutab il is tarwi

Phased  us vu lqa r i s  var . nunas
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The area of g r e a t e s t  d iv e r s i ty  and cen te r  of  o r ig in  of  Arracacia 

xanthorrhiza i s  reputed to  be the Sibundoy va l ley  of  Colombia (Hodge, 

1954). Several r esearchers  have published information on Arracacia 

xanthorr iza  (Higiuta,  1968; 1969; Leon & Rea, 1967; Rea, 1984a; 

Sanchez, 1971). Arracacia xan thorr iza  was unsuccessfu l ly  introduced 

to Europe in the mid-19th century,  as a po ten t ia l  replacement f o r  the 

potato which had been devasta ted by Phvtophthora in fes tans  (Palmer,

1982). I t  was al so  recen t ly  introduced to New Zealand, thus f a r  

without success.  The ag r ic u l tu ra l  c h a r a c t e r i s t i c s  and po ten t ia l  o f  A. 

xanthorr iza  have been out l ined  (National Academy of  Sciences, 1975; 

King & Vietmeyer in p res s ) .

There are germplasm co l lec t io n s  of  Arracacia xan thorrhiza in 

Colombia (12) Ecuador (74) Peru (44) Bolivia (2) and Brazil (16),  

(Piedrabuena & Esquinas-Alcazar, 1983; Rea, 1984a). The co l lec t io n s  

in Ecuador and Peru contain accessions from Colombia, Ecuador, Peru 

and Bolvia.  Arracacia xanthorrhiza was one o f  several  crops t h a t  was 

used in Andean c i t i e s  of  Peru and Bolivia to  ease the pota to shortage 

from 1981-1984 (Rea, 1984a). This i s  a crop t h a t  meri t s  much g rea te r  

emphasis from the  in te rna t iona l  research community.

Canna e d u l i s , "ach i ra" ,  a member of  the Cannaceae family,  i s  a 

perennial monocot t h a t  produces f leshy  rhizomes which have been 

re fe r r ed  to  as corms or  tube rs .  I t  i s  bes t  known fo r  the r e la te d  

ornamental species t h a t  are cosmopolitan in d i s t r i b u t i o n .  In the case 

of  Canna edu l is  the  domesticat ion process began more then 5000 years 

BP; remains of  Canna edu l i s  found a t  Huaca P r i e t a  de Chicama in Peru
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have been dated to  4,487 BP (Bird,  1948). I t  i s  propagated

v ege ta t ive ly  by plan ting  terminal por t ions of  the rhizomes. Harvest

takes place in the Andean region 8-10 months a f t e r  p lan ting .  Yields 

of  4 to  5 tons per  hec tare have been recorded.  Currently Canna edu l is  

i s  cu l t iv a t e d  below 3000 m in the Caribbean, the Andes, B raz i l ,

Hawaii, and in several  count ries  in Southeast Asia.  I t s  use in the 

Andean region i s  not widespread but i t  i s  l i k e ly  to  have been a more 

common cu l t igen  p r io r  to  the Spanish conquest (Gade, 1966).

Canna edu l i s  produces one of  the l a rg e s t  s ta rch  g ra ins  of  any plan t

and the rhizome i s  roughly 25 % s ta rch  (King and Vietmeyer, in 

p res s ) .  In the Andean region the rhizomes are most commonly baked and 

in one v i l l a g e  in Southern Peru in the Apurimac va l ley  Canna edu l i s  

production, preparat ion  and vending are the main sources of  cash 

income (Gade, 1966). Outside of  the Andean region Canna edul is  i s  

u t i l i z e d  by industry  fo r  i t s  s ta rch ,  and the rhizomes and leaves are 

used as feed fo r  l ives tock .

Further  da ta  on Andean Canna edu l is  i s  ava i lab le  from Herrera 

(1940); Montaldo, (1977) and from Dr. T. Koyama of  the New York 

Botanical Garden. No Andean country has repor ted the  c o l l e c t io n  or 

maintenance of  germplasm of  Canna e d u l i s . a r e f l e c t i o n  of  the s t a t u s  

of  the crop in the  region.
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One of the l e a s t  invest igated  Andean roo t  crops i s  Mirabi l is  

expansa. M irab i l i s  expansa "Mai.'ka," a member of the Nyctaginaceae 

family,  i s  an herbaceous perennial th a t  i s  cu l t iv a ted  for  i t s  edible 

underground stems and roo ts .  There i s  very l i t t l e  known about th i s  

endemic Andean root crop. I t  is  propagated both by seed and 

vege ta t ive ly  with harves ts  occurring 10-12 months a f t e r  planting.  

M irabi l i s  expansa is  only reported to be u t i l i z e d  as a minor crop in 

Ecuador, Bolivia and more recently  in Peru, between e levations  of  

2500-3200 m (Rea, 1982).

M irab i l i s  expansa i s  prepared in several  ways, and i t  may contain 

compounds t h a t  can produce an unpleasant  e f f e c t  on the l i p s  and tongue 

(Rea & Leon, 1965). In Bolivia the roots  and stems are placed in the 

sun fo r  up to  a week to  "sweeten them" and to  diminish the a s t r in g en t  

compounds r e fe r r ed  to  above (Rea, 1982). They are then cooked with 

honey, or  raw sugar (chancaca),  and the l iqu id  in which they were 

cooked i s  taken as a beverage. In Ecuador they are prepared in two 

ways, one method involves peeling and bo il ing  f r e sh ly  harvested stems 

and roo ts  with s a l t  (INIAP-CIRF, 1985). The other  method requi res  

burying the stems and roots  in f r e sh ly  dug holes and covering them

with barley cha f f  and the  ae r i a l  por t ion of  M irabi l i s  expansa fo r  one

week. This l a t t e r  process "concentrates the sugars" (Rea, 1982). The 

n u t r i t io n a l  value has been reported as follows by Rea and Leon (1965)

as fo l lows:  Dry weight , pro te in  6.58%, carbohdrate 86.9%, ash 4.20%,

f ib r e  1.25% and f a t  .72%..

At t h i s  time the re  are only th ree  germplasm co l l e c t io n s  of 

M irabi l i s  expansa "Miso" or  "Tazo" in Ecuador (Tola Cevalos e t  a l . ,  in 

p res s ) .  Researchers in Ecuador have reported t h a t  germplasm
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c o l lec t io n  teams only encountered Mirab i l i s  exoansa under cu l t iv a t io n  

in two l o c a l i t i e s  and th a t  the cu l t igen  is  in danger of  ex t inct ion  

(INIAP-CIRF, 1985) A s imi la r  s i tu a t io n  ex i s t s  in Bolivia where the 

c o l l e c t io n  p r i o r i t y  fo r  t h i s  crop has been l i s t e d  as an emergency 

s i t u a t i o n  (Rea, 1985). Immediate research a t t e n t io n  fo r  Mirabi l is  

expansa i s  necessary i f  th i s  poorly studied food resource i s  to be 

examined fo r  i t s  po te n tia l  in the Andes and in o ther  mountainous 

regions.

Another Andean crop with good po ten tia l  i s  Pachvnrizus a.iipa. 

Pachvrhizus a.iipa " a j ipa , "  is  a member of  the Leguminosae family,  t h a t  

is  c u l t iv a t e d  fo r  i t s  ed ib le  tuber.  I t  i s  propagated by seed and 

vege ta t ive ly  using small tubers .  Pachvrhizus a.iipa i s  r e la ted  to  the 

more cosmopolitan c u l i t i g e n  P. erosus "jicama’' or "Yam Bean" which i s  

reported  to be endemic to Mexico and Central America (Towle, 1961).

P. erosus i s  sold in markets of  the United S ta te s ,  France, Germany, 

China, India and the Phi 1ip i n e s .

Pachrvhizus a.iipa i s  reputed to  be endemic to  the eas te rn  slopes of  

the Andes. Archaeological remains of  roots  of  Pachvrhizus a.iipa have 

been i d e n t i f i e d  from pre-Inka s i t e s  a t  Paracas (Yacovleff & Herrera,  

1934; Towle, 1952) and e n t i r e  p lan ts  of  Pachvrhizus a.iipa have been 

c i t e d  as dep ic ted  in the a r t  of  Nazca and Paracas cu l tu res  (Yacovleff 

& Herrera,  1934; O'Neal & Whitaker, 1947).
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Pachvrhizus a.iipa i s  c u l t iva ted  from sea level to 2000 m in the 

Andean region.  Gade (1975) has repor ted i t s  c u l t iv a t io n  by the 

Machiguenga Indians of  Peru but he did not encounter  i t  in his  study 

of  the Vilcanota va l ley  of  Peru. There appears to  be l i t t l e  in t e r e s t  

in Andean countries  in preserving and developing germplasm of 

Pachvrhizus a. iipa. As of  1983 no Andean country repor ted co l lec t ions  

of  P. a.iipa in t h e i r  germplasm banks (Piedrabuena & Esquinas-Alcazar,

1983). The widespread use of  the more well known Pachvrhizus erosus 

suggests  t h a t  more co l lec t ion  and research  are needed in order to 

inve s t iga te  the  ag r ic u l tu ra l  po ten t ia l  o f  Pachvrhizus a. iipa.

The f ina l  Andean tuber crop discussed in t h i s  sec t ion  i s  Polvmnia 

so n c h i fo l i a . Polvmnia sonch ifo l ia  "yacon", a member of  the 

Asteraceae,  i s  a herbaceous perenial  th a t  produces numerous e l l i p s o id  

or cy l ind r ica l  tu be rs .  The tubers are eaten as a vegetable and may be 

cooked or  eaten raw. Polvmnia sonch i fo l ia  tubers  contain inu l in ;  and 

they may be useful as par t  of  the d i e t  of  people su f fe r ing  from 

d iabe tes .  The main stem is  eaten as a vegetable,  and the dr ied 

leaves ,  which have a pro te in  content  of  approximately 11-17 percent ,  

are used as animal feed. Polvmnia sonch i fo l ia  is  propagated 

vege ta t ive ly  from stems and matures 6-8 months a f t e r  p lan t ing .  In the 

Andes i t  i s  c u l t iv a t e d  from Venezuela to Argentina a t  e leva t ions  of  

900-2800 m with y ie ld s  of  up to 38 tons per  hectare  (Leon, 1964a).

Polvmnia sonch i fo l ia  has been recen t ly  introduced on an 

experimental sca le  to  both North America and New Zealand. In the 

United S ta tes  i t  i s  cu l t iv a ted  in New Mexico, C a l i fo rn ia  and Oregon
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(W. Bakker pers .  comm.)* In New Zealand i t  is  cu t l iv a ted  in the 

regions of  Auckland and Christchurch and grows with l i t t l e  d i f f i c u l t y  

(W. Sykes, pers .  comm).

Ecuador is  the only Andean country th a t  i s  maintaining germplasm 

c o l lec t io n s  o f  Polvmnia so n c h i fo l i a . In Santa Catal ina,  Ecuador the 

I n s t i t u t o  Nacional de Inves t igaciones Agropecuarias i s  working with 25 

germplasm co l l e c t io n s  from several departments (Tola Cevallos e t  a l . ,  

in p re s s ) .  Ecuadorian researchers  have reported th a t  c u l t iv a t io n  of  

Polvmnia sonch i fo l ia  i s  disappearing and th a t  only i so la ted  individual  

p lan ts  were encountered during c o l lec t in g  t r i p s  (INIAP-CIRF, 1985).

I t  i s  unusual t h a t  no o ther  Andean country has repor ted  germplasm 

c o l l e c t io n s  of  Polvmnia sonch i fo l ia  because i t  i s  cu l t iv a t e d  in 

Colombia, Peru and Bolivia .  A low frequency of c u l t iv a t io n  may 

p a r t i a l l y  explain t h i s  lack of  p reserva t ion .  There has been very 

l i t t l e  r e s e a r c h , -  agronomic, bo tan ica l ,  or  n u t r i t i o n a l , -  on Polvmnia 

s o n c h i fo l i a . and much remains to be inves t iga ted .  Further  s tud ie s  

should be ca r r i ed  out in several count ries  so t h a t  ex i s t in g  d iv e r s i t y  

of  t h i s  endemic Andean root  crop i s  not l o s t .

Related High Protein Crops

P r io r  to  d iscuss ing Lepidium mevenii. Oxalis tube rosa . Tropaeolum 

tuberosum and Ullucus tube rosus . a few of the o ther  important Andean 

crops and the  evolution of  the Andean research network are b r i e f l y  

discussed.  This information i s  included to  place the roo t  and tuber  

crops under study within the context  of  the Andean crop complex as i t  

con t r ibu tes  to  the n u t r i t io n a l  needs of  highland people.
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From the 1920's to 1950's only a few a r t i c l e s  were published on 

nat ive Andean crops. Most of  these  focused on Chenopodium quinoa 

Willd. "quinoa" and C. pal 1 id icaule  Aellen "kafiiwa" (Fries & Tapia,

1986). Chenopodium quinoa is  a highly n u t r i t i o u s  pseudo-cereal tha t  

is  cu l t iv a t e d  a t  e leva t ions  of  up to  4000 m. The achenes of  quinoa 

contain between 12-19 percent  pro te in  with an exce l le n t  balance of  

amino ac ids ,  including ly s ine  and methionine, which are often the 

l im i t ing  amino acids in highland Andean d i e t s  (Tapia,  1979). Quinoa 

also  contains saponins t h a t  must be removed before consumption, and 

the t r a d i t i o n a l  method in the Andes has been to simply wash the 

achenes several  times.

In addi t ion  to  quinoa another pseudo-cereal Amaranthus caudatus 

'’kiwicha," i s  considered endemic to  the Andean region.  The seeds 

contain between 12 and 16% pro te in  with very high le ve l s  of  ly s ine ,  an 

e s s en t i a l  amino acid t h a t  is  presen t  in i n s u f f i c i e n t  q u a n t i t i e s  in 

major ce re a l s  such as wheat and maize (Seaf t ,  1980). A th i r d ,  highly 

n u t r i t i o u s  food are seeds of  the legume Lupinus mutabil is  Sweet 

"tarwi" i s  cu l t iv a t e d  to  e levations  of 4,000 m. Tarwi contains 

between 30-48% prote in  and 14-25% o i l ,  su i tab le  fo r  cooking. The 

balance o f  e s s en t i a l  amino acids i s  not as good as the  pseudo-cereals  

quinoa or  kiwicha and tarwi also  contains quinoline a lka lo ids  t h a t  

must be removed before consumption (Engelmann e t  a l . ,  1983).

History of  The Andean Crop Research Network

There has been a synergism of  nat ional  and in te rna t iona l  research 

in te rp lay  focusing on the  above mentioned pseudo-cerea ls ,  legumes and 

roots  and tubers  of  the Andean region.  In 1963 IICA published a work
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by Leon (1964a) on food crops of the Andean region, and in 1968 the 

f i r s t  in te rna t iona l  convention on Chencpodiuin ouinoa and C. 

pa l l iducau le  was held in Puno, Peru. In 1976, IICA helped organize 

the second in te rna t iona l  conference on Chenopodium quinoa and C. 

pa l l iducau le  which was held in Potosi ,  Boliv ia.  Because of  the 

growing number of  Andean s c i e n t i s t s  working on these and o ther  Andean 

crops, i t  was decided th a t  an in te rna t iona l  congress would be held

every two or th ree  years and th a t  the crops to be included would be

expanded to Andean crops in genera l .  By t h i s  time the IBPGR had 

cont r ibuted  support  to  build germplasm f a c i l i t i e s ,  and IICA was 

providing resources fo r  research on Andean crops in Colombia, Ecuador, 

Peru, Bolivia,  Chile and Argentina.

In 1977 the t h i r d  in te rna t iona l  congress on Andean crops was held

in Ayacucho, Peru; and in 1979 a major co l labo ra t ive  work was 

published on quinoa and kaniwa (Tapia,  1979). By 1980, 1200 

accessions of  Chenopodium quinoa had been co l lec ted  and 

ag ro - in d u s t r i a l  machinery was being developed for  harves t ing and 

processing quinoa (F r ies  and Tapia, 1986). From 1980 to  1985 the 

Peruvian u n iv e rs i ty  system became extremely ac t ive  with Andean crops 

and a g r i c u l tu r a l  systems. Peru 's  Program Nacional de Sistemas Andinos 

de Produccidn Agropecuarios (PISCA), with support from the nat ional  

government, IICA and IDRC, involved researchers  from u n i v e r s i t i e s  in 

Huancayo, Ayacucho, Cuzco and Puno, a l l  working on Chenopodium quinoa. 

Amaranthus caudatus,  Luoinus m u ta b i l i s . Leoidium mevenii. Oxalis 

tube rosa . Trooaeolum tuberosum. Ullueus tuberosus and o ther  major 

crops.  More then f i f t y  agronomic research p ro jec t s  were funded and the 

se lec t ion  and improvement of  Chenopodium ouinoa was undertaken.
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At the same time, research on these crops was supported and 

conducted by several pr iva te  and government organizat ions in North 

America and Europe. The Rodale Research Center held i t s  F i r s t  

Amaranth Seminar in 1977, which was followed by subsequent 

in te rna t iona l  seminars and numerous publi ca t ions  (Rodale Press Inc. ,  

1980). The United S ta tes  government also become involved with 

Amaranthus research a t  an in te rna tiona l  l e v e l .  The United Sta tes  

National Research Council published a study on fu tu re  prospects  for  

the in te rna t iona l  development of  both grain  and l e a f  amaranths 

(National Research Council,  1984).

The Board on Science and Technology fo r  In te rna tiona l  Development 

(BOSTID) and U. S. AID awarded research gran ts  to Peru, Mexico, Nepal, 

India ,  Thailand and other  countries  to  develop Amaranthus as a high 

qu a l i ty  regional  food source.  The German government and the Food and 

Agr icul tu re  organizat ion  of  the United Nations were a lso  working with 

Andean n u t r i t i o n i s t s  and agronomists to discover reduced a lka lo id  

v a r i e t i e s  of  Lupinus mutabi l i s  and methods fo r  introducing i t s  

consumption to  a wider nat ional  audience (Gross, 1982).

In 1981 in the United S ta tes ,  S ie r ra  Blanca Associates,  a p r iva te  

non-prof i t  organ izat ion ,  was founded in Boulder, Colorado, with an 

emphasis on research and development of  Chenopodium quinoa in both 

North and South America. Since t h a t  time,  farmers and non-prof i t  

organizat ions in Colorado and New Mexico have been conducting research 

with some 47 v a r i e t i e s  of  Chenopodium ouinoa (Bolet in de Cult ivos 

Andinos, 1984). The Colorado S ta te  Univers i ty new crops agronomist 

has a l so  been co l labora t ing  with t h i s  organizat ion on Chenopodium
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auinoa research .  As par t  of  the in te rna t iona l  program of S ie r ra  

Blanca Associates,  seeds of  Chenopodium quinoa have been d i s t r i b u te d  

to agronomists in China, Tibet and most recen t ly  to researchers  from 

nine mountainous countries  in Africa and the Hindu Kush-Himalaya.

In Ecuador, Peru and Bolivia ,  Lepidium mevenii. Oxalis tuberosa,  

Tropaeolurn tuberosum. Ullucus tuberosus and the o ther  crops described 

above are inc reas ing ly  being viewed as important nat ional  resources.  

The pres iden t  of  Peru, Alan Garcia has been encouraging farmers to 

p la n t  more of  the n u t r i t i o u s  endemic Andean gra ins  and tubers and he 

has supported urban n u t r i t io n  education programs th a t  are teaching 

people how to  prepare and ea t  Chenopodium quinoa and other  crops.  In 

Peru t h i s  i s  p a r t  of  a d r ive  to  increase  the coun t r ies  food 

s e l f  su f f ic iency ,  an important goal s ince Peru imported 400 mil l ion 

d o l l a r s  worth of  food in 1986 (Rogers, 1987). In Ecuador, urban 

n u t r i t i o n  education programs are also  being o f fered  in Quito and other  

c i t i e s .  The in ten t ion  i s ,  as in Peru, to  re - in t roduce  people to the 

n u t r i t i o u s  crops t h a t  have been produced in the region fo r  cen tu r ie s .

Conclusion

The domesticat ion o f  crop p lan ts  in Andean South America has 

produced numerous food plants  t h a t  are well adapted to  mountainous 

environments. These crops have supported highland people h i s t o r i c a l l y  

and continue to do so today. There i s  a growing network of s c i e n t i s t  

working on preserv ing and expanding the u t i l i z a t i o n  of  these crops
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both within and outside the Andean region.  A few of  these crops, such 

as Lepidium mevenii and Mirab i l i s  expansa are poorly known and are in 

danger of  ex t in c t io n .  This chapter  places Lepidium mevenii. Oxalis 

tube rosa . Tropaeolum tuberosum and Ullucus tuberosus within the 

context  of  the other  important endemic Andean crops.  These crops,  as 

a group, represent  a r ich  ag r ic u l tu ra l  her i t age  t h a t  meri ts  

i n t e n s i f i e d  bas ic and applied research on the biologica l  and 

a g r ic u l tu ra l  c h a r a c t e r i s t i c s  of  these species .
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Chapter 3 - The Four Species 

Prehistory

Botanical remains from Andean and Coastal Peruvian desert  s i t e s  

have usually  been id e n t i f i e d  on the bas is  of  external  morphology 

(Martins,  1976). In most cases the id e n t i f i c a t i o n  has r e l i ed  upon the 

remains of  seeds,  f r u i t s  and, in addit ion ceramic depict ions  of 

p lan ts .  In the case of  the four species in t h i s  s tudy,  id e n t i f i c a t i o n  

has been problematic.  The remains of  the vege ta t ive ly  propagated 

crops Oxalis tuberosa ,  Tropaeolum tuberosum and Ullucus tuberosus 

occur in s i t e s  only as fragments of  tubers which are morphological ly 

very s im i la r  to each o ther  and d i f f i c u l t  to id e n t i fy  (Martins, 1976). 

In add i t ion ,  as pointed out by Smith (1980), taxonomists ra re ly  

c o l l e c t  good specimens of  underground par ts  of  p lan ts  which compounds 

the d i f f i c u l t y  of  r e l i a b l e  determinations.  Lepidium mevenii is  

propagated by seed, but i t  does not appear to  have been a widespread 

or  frequent  crop in the Andes, as in the case of  the other  th ree  

species.

The d i f f i c u l t y  of  iden ti fy ing  archaeological remains of  root  and 

tuber crops has caused some disagreement as to  the e a r l i e s t  period of 

domesticat ion.  There i s ,  however, no doubt as to  the importance of  

roo t  and tube r  crops in the cu l tu ra l  and a g r ic u l tu ra l  evolution of  

Andean c i v i l i z a t i o n s .
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Sources fo r  dat ing the presence and importance of Andean tubers 

include i l l u s t r a t i o n s  on wooden vessels  (keros) ,  ceramic urns and 

scu lp tu res .  Images of  Oxalis tuberosa and Ullucus tuberosus have 

been documented on keros from the ear ly  post-Conquest era in Southern 

Peru (Vargas, 1981). A "pacheco" urn dated to 950 BP from the Central 

Peruvian highlands i s  decorated with paint ings  of Oxalis tuberosa. 

Solanum tuberosum. Tropaeolum tuberosum and Ullucus tuberosus 

(Yacovleff  & Herrera,  1934; Sperl ing,  1987).

Botanical material  from several coas tal  Peruvian archeaological  

s i t e s  was examined by Martins (1976) and compared with fresh and dried 

materia l  of  contemporary Andean crops.  Martins i d e n t i f i e d  s tarch  

g ra in s ,  vesse ls  and xylem elements of  Oxalis tube rosa . Tropaeolum 

tuberosum. Ullucus tuberosus and s ix  o ther  crops.  She found evidence 

of  Oxalis tuberosa  in the area o f  Ancon-Chill on a t  the Punta Grande 

s i t e  da t ing  to  + 4000 to 3800 BP. A s im i la r  date,  ca.  4250 BP is  also 

recorded fo r  Ullucus tuberosus and a sample of  Solanum tuberosum is  

c i t ed  with an approximate date of  8,000 BP. Martins s t a t e s  t h a t  no 

evidence of  Lepidium mevenii was found in the coastal  ethnobotanical  

material  t h a t  she studied.

I t  i s  important to note t h a t  the  remains of  these  p lan ts  were 

tr anspor te d  to the coas t  from the highland region and were preserved 

in the dry coas ta l  d e s e r t .  These spec ie s,  with the possib le  exception 

of  wild Solanum specie s,  do not grow in the ecological  condi t ions  of  

low a l t i t u d e ,  high temperature and low moisture.
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That these highland tubers were transpor ted  to the coastal  region is 

not unusual as the movement of  food, f i b e r ,  drugs and objects  of 

r i t u a l  importance have been discovered f a r  from t h e i r  source of  or ig in  

in archaeological  s i t e s  throughout Ecuador, Peru and Bolivia .  The 

simultaneous u t i l i z a t i o n ,  and a t  times control  of  diverse,  

geographical ly i so la ted  Andean ecosystems has been described as a 

"ve r t i ca l  archipelago" by Murra (1972, 1987). Research by 

contemporary Andean ethnographers has documented th a t  Murra's 

e thnoh is to r ica l  desc r ip t ion  of  communities u t i l i z i n g  mult iple 

ecological  zones fo r  subsistence  i s  s t i l l  a common fea tu re  of  Quechua 

communities. In the v i l l a g e  of  Uchucmarca, in nor theastern  Peru,

Brush (1976) determined th a t  land used by the community ranges from 

800 to  4300 m. This a l t i t u d i n a l  range covers 3500 m and provides fo r  

the c u l t i v a t i o n  of  crops th a t  have d i s t i n c t  environmental 

adapta t ions .  I observed a s im i la r  land use pa t te rn  in Chinchero, Peru 

where the Quechua inhab i tan ts  u t i l i z e  land from 2800 to  ca 4300 m.

Research a t  Guita rre ro  Cave in the Callejon de Huaylas in Peru 

has provided archeobotanical material  from an Andean s i t e  a t  2500 m. 

The d i e t  of  the inhab i tan t s  of  t h i s  s i t e  has been p a r t i a l l y  

recons truc ted  by Smith (1980) and dates assoc ia ted with t e n t a t i v e  

species  i d e n t i f i c a t i o n  have been presented.  Smith indica ted t h a t  

during the  e a r l i e s t  level  of  occupation, (complex I la ,  10600-7600 BP) 

the carbohydrate por t ion  o f  the d i e t  may well have been la rge ly  

provided by rhizomes or  tubers and t h a t  rhizomes of  Oxalis spp. are 

most c l e a r ly  i d e n t i f i a b l e .  He a lso  suggested th a t  remains of  what 

may well be Ullucus tuberosus were presen t  in complex I I  l e v e l .

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-33-

Smith also  provided a f igure of  tubers from complex IV (2500-1500 

BP) and suggests  th a t  they might be Ullucus tu be rosus . However even 

though t h e i r  morphology strongly suggest Oxalis tuberosa or a r e la ted  

wild spec ies.  He also  provides a f igure  of  another tube r from complex 

l i e  (10600-7600 BP) and suggests t h a t  the tubers  resemble Oxalis 

tuberosa from the market, which, to  t h i s  author they do not.  The form 

of these  tubers  are not d i s t ingu ishab le  as Oxalis tuberosa and could 

e a s i ly  be Ullucus tuberosus or  Tropaeolum tuberosum. In addi t ion  

Smith ind ica te s  t h a t  hi s  material c l a s s i f i e d  as type B and C may be a 

species of  Oxalis from as ear ly  as complex I l a .

I t  i s  important to  note also th a t  no mention i s  made of  remains of  

Tropaeolum tuberosum from the Guitarrero Cave s i t e .  One s c i e n t i s t  

repor ts  the necess i ty  of  growing out a specimen of  Tropaeolum 

tuberosum to determine whether i t  was Oxalis tuberosa or  Tropaeolum 

tuberosum (Hodge, 1946). Because the f resh  tube rs  of  Oxalis tuberosa 

and Tropaeolum tuberosum are d i f f i c u l t  fo r  p la n t  s c i e n t i s t s  to  

d i s t in g u is h  i t  would be d i f f i c u l t  fo r  an archeobotanist  to d is t ingu ish  

one species from the o ther  on the basis  of  externa l  morphology.

The tuber  material  from Guitarrero cave, i f  p o s i t i v e ly  i d e n t i f i e d  to 

species as Oxalis tube rosa . Tropaeolum tuberosum and Ullucus tube rosa . 

could a id  in determining the e a r l i e s t  period in which these p lan ts  

were domesticated.  In order to  draw t e n t a t i v e  conclusions regarding 

the  domesticat ion of  these  tubers i t  wil l  be necessary to  be able to  

d i s t ingu ish  wild species from domesticated tuber remains.
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The d i s t i n c t i o n  between domesticated and wild in archaeological 

remains has proven to be problematic in the case of  Zea mays and 

Manihot e s cu le n ta . Smith suggests th a t  in order to determine the wild 

or  c u l t iv a ted  s t a tu s  of  the tubers a t  the s i t e  we need to know as 

p rec i se ly  as possib le  the geographical d i s t r i b u t i o n  of  the wild 

r e l a t i v e s  of  these species .  This question i s  discussed below and is  a 

c r i t i c a l  issue in understanding the process of  domesticat ion of  these 

spec ies.

One other  highland archaelogical  s i t e  Tres Ventanas a t  3925 m has 

y ie lded  archeobotanical  material  o f  Solanum sp.  (potato)  and Ullucus 

tuberosus reputed to  be from a time period 10,000 years  BP (Engel, 

1970). This dat ing of  Ullucus tuberosus i s  the o lde s t  repor t  of  any 

of  the four  species included in the present  in v e s t ig a t io n .  I t  my 

opinion t h a t  as more s i t e s  are inves t iga ted  and as da t ing  techniques 

become more soph is t ica ted  we wil l learn  th a t  the domesticat ion of  

Oxalis tube rosa . Tropaeolum tuberosum. Ullucus tuberosus and perhaps 

Lepidium mevenii took place in the same time frame as the 

domesticat ion o f  Solanum tuberosum.

General Morphology of  Lepidium mevenii 

The morphology of  Lepidium mevenii (Fig. 1) i s  described below and 

i t  has a l so  been described by Leon (1964). Lepidium mevenii i s  a 

small low
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Fig. 2. Lepidium mevenii "maca" in Nincaca, Peru. Cult ivated at  

4100 m. This p lant  was harvested and replanted  to 

produce seed. 35.5 mm in diameter.
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mat l i k e  ro s e t t e  forming perennial herb cu l t iva ted  as an annual with an 

enlarged t a p ro o t - l i k e  hypocotyl.  Leaves a l t e r n a t e ,  basal ,  crowded on 

a very shor t  r a re ly  branched stem, pinnate to p in n a t i f i d ,  glabrous,  

bluegreen.  Flowers regu la r ,  borne on short  pedicels  in open racemes. 

Sepals four,  sho r te r  than pe t a l s ,  white to  cream. Pe ta ls ,  four, 

cruciform, s e s s i l e ,  clawed, spreading,  white to cream yellow. Stamens 

four,  e r e c t ,  sho r te r  than s ty l e .  Ovary f l a t t e n e d ,  s ty l e  simple.

F ru i t s  a compressed s i l i c l e .

Producing a t  and below the soi l  surface  an enlarged bulbous 

hypocotyle (not a t rue  tuber)  often mistaken fo r  a t aproo t .  Hypocotyl 

co lor;  cream, brown to dark purple.

Chromosome Numbers 

I found no r epo r t  o f  the chromosome number of  Lepidium mevenii in 

the l i t e r a t u r e .

Taxonomic C la s s i f i c a t i o n  

The c l a s s i f i c a t i o n  of  minor crop p lan ts  i s  often poorly understood 

fo r  several reasons.  One of  these i s  the lack of herbarium specimens 

in major herbar ia  (Prance, 1987). Some major crops,  such as Zea mays 

are well represented in spec ia l ized  herbar ia ,  including the ed ib le  

par t  of  the  p lan t ,  and races of  maize have been documented in numerous 

publica t ions  (Grobman e t  al . . ,  1956; Brown, 1960). Research on 

b iod ive r s i ty  of  tuberous Solanum species i s  also well developed, 

(Corre l l ,  1962; In te rna t iona l  Potato Center,  1984) including 

documentation with herbarium specimens.
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But these usually do not include the ed ib le  portion of  the p lant .  

Beacause tuber-bear ing plan ts  flower and form tubers a t  d i f f e re n t  

periods of  the growth cycle a voucher specimen of both the flower and 

the tuber often requires  two v i s i t s  to the co l lec t ion  l o c a l i t y .  

Systematic t reatments  of  minor crops and t h e i r  wild r e l a t i v e s  are 

essen t i a l  p re re q u i s i t e s  to any programs aimed a t  improving the 

ag r i c u l tu ra l  po ten t ia l  of  l i t t l e  known crops.

Lepidium i s  a cosmopolitan and of ten  weedy genus consis t ing  of  150 

species ( w i l l i s ,  1980). Lepidium mevenii walp. cons i s t s  of  th ree  

subspecies,  L. mevenii subsp. mevenii. subsp. marginatum (Grisb.)

The!1. and L. mevenii subsp. gel idium (Wedd.) t h e l l .  A fu r the r  

d iv i s ion  of  two forms of  subsp. gel idium in Bolivia i s  repor ted by 

(Thellung, 1906) Lepidium mevenii subsp. gel idium forma rhombicum 

Thell .  and forma rotundatum Thell .  The most common is  subsp. gel idium 

(Macbride, 1937).

A taxonomic rev is ion  of  t h i s  species was not undertaken but 

specimens examined from ECON, GH, NY contained no co l l e c t io n s  of 

c u l t iv a ted  Lepidium mevenii other  than (Sperling & King 53381. The 

genus i s  in need of  rev is ion  and the above l i s t e d  subspecies were of  

wild Lepidium mevenii and forms should be viewed as prov is iona l .  All 

of  the c o l l e c t io n s  were of  wild Lepidium mevenii from Peru, Bolivia 

and Argentina.  The type specimen o f  Lepidium mevenii was a wild plan t  

co l lec ted  in Argentina (Meven 138591; the re  are no repor ts  of 

c u l t iv a ted  Lepidium mevenii in Argentina.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-39-

Wild Progenitors

The wild r e l a t i v e s  of crop plan ts  are extremely important genetic  

resources .  Increas ingly ,  the in te rna t iona l  a g r ic u l tu ra l  community is 

recognizing the present  and fu tu re  po te n tia l  value of  wild species 

(Plucknett  e t  a]..,  1987). The a g r ic u l tu ra l  community also recognizes 

the important con t r ibu t ion  th a t  sys temat is t s  make in global 

a g r ic u l tu ra l  development by researching the evolutionary re la t ionsh ip s  

between crops and t h e i r  r e la ted  wild species (Prance, 1987). The 

c o l lec t in g  emphasis of  the IBPGR i s  also  now s h i f t i n g  toward the 

co l l e c t io n  and preserva t ion  of  crop r e l a t i v e s  (IBPGR, 1985). The 

tremendous po ten t ia l  of  biotechnology to manipulate crop plants  has 

also increased the value and importance of  wild crop r e l a t i v e s  (Pino & 

Strauss ,  1987; Witt ,  1985). In the case of  Lepidium mevenii. Oxalis 

tube rosa . Tropaeolum tuberosum and Ullucus tuberosus the crops 

themselves are s t i l l  in need of  c o l l e c t io n ,  to  assess  the d i v e r s i t y  of  

these crops.  The botanical  understanding of  the wild r e l a t i v e s  of  

Lepidium mevenii and Oxalis tuberosa i s  incomplete. The s ta tus  of  the 

knowledge about the wild r e l a t i v e s  i s  discussed below.

The d i s t r i b u t i o n  of  wild Lepidium mevenii (Fig. 3) i s  in Peru, 

Bolivia and Argentina.  Cult iva ted Lepidium mevenii i s  known only 

from a l im i ted  area of  the Central Peruvian highlands.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-40-

Fig. 3. D is t r ibu t ion  map of wild Lepidium mevenii.
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Dis t r ibu t ion  and Ecogeograpic Limits

Cult ived Lepidium mevenii is  r e s t r i c t e d  to the departments of  Pasco 

and Junfn,  (Fig. 4) in the Central Peruvian Highlands (Leon, 1964b).

In the department of Junin Lepidium mevenii i s  cu l t iv a t e d  on h i l l s i d e s  

surrrounding Lake Junin.  In 1981 the author encountered Lepidium 

mevenii being c u l t iv a t e d  and sold in the same towns c i t e d  by Leon 

(1964b): Ninacaca, Carahuamayo and Haurye. H is to r i c a l l y  the 

cu l t iv a t io n  of  Lepidium mevenii in the region of  Lake Junin was 

recorded by Vazquez de Espinosa (1948) in h is  "Vis i ta"  for  the ru l ing  

Spanish government to Chinchacocha (Junin) in 1549. In the same 

document, Vazquez de Espinosa also  re fe r r ed  to "300 cargas de media 

fanegada de maca" (300 loads of  one-hal f  of  a gra in  measure of  120 kg 

of  maca) t h a t  was paid in t r i b u t e  to  the regional  Spanish 

"encomendaro". One fanega was equal to  ca 120 kg (Beyersdorf & 

Blanco, 1984) so th a t  the amount of  Lepidium mevenii paid as t r i b u t e  

to the Spanish r ep resen ta t ive  would have been roughly 18,000 k i lo s .  

This suggests  t h a t  Lepidium mevenii was considered valuable and 

d i s t r i b u t e d  to o ther  ind ividua ls  fo r  use.

Leon (1964) al so  recorded the c u l t iv a t io n  of  Lepidium mevenii in 

the mountainous towns of  Jarpa above the Mantaro Valley west of  

Huancayo. I did not survey th i s  second area of  repor ted  c u l t i v a t i o n .

In Huarye, informants suggested t h a t  Lepidium mevenii was also 

cu l t iv a t e d  in southern Peru in the  region of  Puno. Garcia Diez de 

San Miguel al so  recorded Lepidium mevenii as c u l t iv a ted  and payed as 

t r i b u t e  in Chuito, a town south of  Puno near the Bolivian border 

(Matos Mendieta, N. D.) .
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Fig. 4. D is t r ibu t ion  map of cu l t iva ted  Lepidium mevenii.
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During the course of  fieldwork in Puno in 1981, I questioned market 

vendors and farmers about the c u l t iv a t io n  of  Leoidium mevenii. using 

both the common name ("maca") and showing them samples of  the dried 

ed ib le  hypocotyl.  None of  these vendors or  other  informants were 

fam i l i a r  with e i t h e r  the p lant  or  i t s  common name.

One of  the most important and d is t ingu ish ing  ag r icu l tu ra l  

c h a r a c t e r i s t i c s  of  the cu l t iva ted  Lepidium mevenii i s  th a t  i t  can be 

c u l t iv a t e d  a t  a l t i t u d e s  where few crops can survive.  Only two 

v a r i e t i e s  of  b i t t e r  pota to ,  "Shir i"  and "Mauna" can be grown in the 

Puna baja (sensu Mayer, 1979), which reaches a maximum a l t i t u d e  of  

4500 m in the Mantaro Valley. Our informant in Ninacaca, indicated  

t h a t  Lepidium mevenii could be cu l t iv a ted  up to  5,000 m. I observed 

the p lan ts  cu l t iv a t e d  a t  4100 m in Ninacaca. The lowest observed 

a l t i t u d e  of  wild Lepidium mevenii i s  3500 m in Bolivia (Pennel 

14215); and the highest  record i s  4500 m from Rio Blanco, (Mabride 

3022).  The presen t  low a l t i t u d in a l  l im i t  of  c u l t iv a t io n  would have to 

be determined through fu r th e r  explora t ion .

The pho toperiod ic i ty  of  Lepidium mevenii has not been determined. 

The number of  hours of  day light  necessary fo r  optimal growth and 

hypocotyl formation has not been es tab l i shed ,  although i t  i s  l i k e ly  to 

be a shor t  day p lan t ,  s im i la r  to the o ther  species considered in t h i s  

research .  Experimentation with Lepidium mevenii in mountainous 

regions in North America, Europe, Afr ica and Asia needs to  be ca r r ied  

out.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-46-

Vernacular Names

Because these four species are c u l t iva ted  in nine count ries and 

bear many d i f f e r e n t  local names, they are re fe r red  to in t h i s  work by 

t h e i r  s c i e n t i f i c  names. Lepidium mevenii i s  not presented in the 

ta b le s  because i t  i s  l imi ted to one region of  Peru where i t  i s  known 

as "maca" (Ruiz, 1952; Pulgar Vidal, 1946; Vasquez de Espinosa, 1948; 

Cobo; 1956; Leon, 1964).

General Morphology of  Oxalis tuberosa

A desc r ip t ion  of  Oxalis tuberosa (Fig.  5) i s  presented below. 

Morphological and anatomical s tud ies  of  Oxalis tuberosa have been 

ca r r i ed  out by White (1975) and Obregozo (1956). Research on the 

r e l a t io n s h ip  between the morphology of  Oxalis tuberosa and 

p roduc t iv i ty  has al so  been ca r r i ed  out and published (Canales & 

Baldomero, 1977). The wide degree of  morphological v a r ia t io n  present  

in the tubers  of  Oxalis tube rosa . Tropaeolum tuberosum, and Ullucus 

tuberosus i s  discussed below.

Oxalis tuberosa i s  an e rec t  spreading herb,  with smooth s l i g h t l y  

pubescent stem, white to  reddish;  perennial  from annually produced 

tubers  f o r  which i t  i s  c u l t iv a t e d .  Leaves are borne on spreading 

ped ice ls ,  t r i f o l i a t e ,  each l e a f l e t  folded along the midrib,  c l e f t  a t  

apex. Upper and lower surfaces with varying amounts of  pubescence, 

darker green above than below. Flowers regu la r  p e d i c e l l a t e ,  borne on 

a x i l l a r y  pedunculate
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Fig. 5. Oxalis tuberosa "Oca". A, Flower and leaves ,  Puno, Peru. B, 

Plant  aspect  and immature tubers ,  soi l  removed to expose 

tuber  formation.  Chinchero, Peru 3800 m. C, Tuber 

va r ia t ion  from one market in Pasto, Colombia. Largest tuber 

120 mm long.

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-50-

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-51-

cymes held above the fo l iage .  Sepals f ive ,  f ree ,  yel lowish; pe ta ls  

f ive  united a t  base, spreading,  yellow with red to purple venation 

(nectary guides) ,  petal apex rounded. Stamens 10, in two fused whorles 

of  f ive ,  inner whorl the longest ,  connivent about the s ty le .  Ovary 

f ive  locu la r ,  elongate.  Styles f ive ,  p e r s i s t e n t ,  he teros ty lous ,  with 

two or th ree  s ty l e  morphs. F ru i t  an explosively  dehiscent  capsule, 

r a r e ly  observed, with few seeds.

Tubers produced on short  a x i l l a r y  sto lons formed on the below 

ground stem. Tubers elongate roughened with numerous nodes and 

t r i a n g u la r  sca le  leaves .  Tuber co lor  varbiable from white, cream, 

yel low, orange, maroon, to red.

I t  i s  important to  note th a t  the re  i s  a high degree of  

i n t r a - s p e c i f i c  va r ia t ion  in Oxalis tube rosa . Tropaeolum tuberosum and 

Ullucus tube rosus . The desc r ip t ions  above give bas ic morphology 

without d e t a i l i n g  the ex ten t  of  the va r ia t ion  observed among the many 

c u l t i v a r s .

Chromosome Numbers 

Bolkhoskih e t  a l .  (1960) repor ted chromosome numbers for  Oxalis 

tuberosa as 2n => 60, 63-64 and 68-70. De Azuke and Martinez (1983) 

repor ted the  chromosome numbers of  20 species of  the  genus Oxalis from 

Bolivia,  Argentina,  Paraguay and Brazil as 2n= 10, 12, 14, 24 and 36 

Oxalis tube rosa . i s  then,  as pointed out by White (1975), a high 

polyploid and t h i s  i s  l i k e l y  to  be a key f a c to r  in the low f e r t i l i t y  

of  t h i s  spec ie s.
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Taxonomic C la ss i f i ca t ion

Oxalis i s  a genus of  800 spec ies,  mostly in the New World and 

Afr ica.  Several bo tan is t s  have described tuber bearing plants  of the 

genus O xal i s . including Oxalis crenata  Jacq.  from Peru, Oxalis 

carnosoa Hoi. and Oxalis tuberosa Mol. from Chile and Peru (Bukasov, 

1930). In Bolivia,  Cardenas (1984) cu l t iva ted  100 tuber  bearing 

Oxalis specimens from Mexico, Venezuela, Colombia, Ecuador, Peru, 

Bolivia and Chile and he determined th a t  th i s  c o l lec t io n  represented 

only one spec ie s,  Oxalis tube rosa . No work on the taxonomic 

c l a s s i f i c a t i o n  of  the Oxalis tuberosa complex has been conducted since 

the  work of  Cardenas. Alic ia  Lourteig of  the Paris  herbarium (P) i s  

now in the process of  preparing a much needed formal taxonomic 

rev is ion  and because t h i s  work i s  in progress i t  was not undertaken as 

pa r t  o f  t h i s  work.

Research on f lavonoids (Del Pero Martinez & De Azuke, 1984), 

karyotype,  nuclear  volume, DNA content  (De Azuke & Martinez, 1983), 

and micropropagation techniques (Ochatt & De Azuke, 1984) of  numerous 

species of  South American Oxalis are being conducted in Argentina a t  

the Centro de Estudios Farmacologicos de Principios  Naturales 

(CEFAPRIN). One of  the  aims of  t h i s  research i s  to  iden t i fy  which 

species are most c lose ly  r e la ted  to Oxalis tube rosa .

Wild Rela t ives

Oxalis tuberosa i s  known only as a c u l t iva ted  p la n t .  The i d e n t i t y  

of  the most c lose ly  r e l a t e d  wild species i s  also not e s tab l i shed .
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Numerous species of  the genus are eaten and used as medicine. One 

species in Mexico, Oxalis t e t r a p h v l l a  Cav., produces a bulb th a t  is 

eaten but th i s  bulb i s  morphological ly d i s t i n c t  from the tubers 

produced by Oxalis tuberosa (King pers .  obs . ) .

The work of  Dr. Lourteig in Paris  and the previously mentioned 

Argentinean researche rs ,  Martinez & De Azuke, are providing data th a t  

wil l  con t r ibu te  to  understanding the evolutionary r e l a t io n s h ip  of 

Oxalis tuberosa and other  r e la te d  spec ies.  The id e n t i t y  of  the 

po ten t ia l  wild progeni tor  of  Oxalis tuberosa wil l  requi re  fu r th e r  

f i e l d  exp lorat ion and taxonomic data.

D is t r ibu t ion  and Ecogeographic Limits

Oxalis tuberosa has the widest d i s t r i b u t i o n  (Fig.  6) of a l l  the 

crops examined in t h i s  research.  In the Andes i t  i s  c u l t iv a ted  from 

Venezuela, South to  Chile and Argentina.  More r ecen t ly ,  Oxalis 

tuberosa has also been introduced to Mexico and New Zealand. A 

discussion of  i t s  c u l t iv a t io n  in Mexico and New Zealand is  presented 

below. I t  has al so  been experimental ly grown in Costa Rica where 

tuber production was recorded a t  2400 m (Obregozo, 1956). I observed 

the the c u l t i v a t i o n  of  Oxalis tuberosa in Mexico, Colombia, Peru and 

Bolivia and found the g r e a t e s t  d iv e r s i t y  of  c u l t i v a r s  in southern Peru 

and northern Bolivia.

Recent repo r t s  of  at tempts to  c u l t i v a t e  Oxalis tuberosa in the 

United S ta tes  in Oregon have al so  been noted (Vietmeyer, pe rs .  comm.), 

thus f a r  without  successful  tub e r i z a t io n .  Material from the Andes, 

Mexico and New Zealand has al so  been grown in the propagation houses
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Fig. 6. D is t r ibu t ion  map of  Oxalis tube rosa .
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of the New York Botanical Garden, also  without tuber formation. One 

researcher  (H i l l ,  1939) did experimental ly c u l t i v a t e  Oxalis tuberosa 

in England and he reported th a t  flowering and tube r iza t ion  occured at  

"high e leva t ions  in the mountains near  Innsbruck" in Austr ia ,  but not 

outdoors in England. Hil l also mentioned th a t  he sent tubers of  

Oxalis tuberosa to  Kenya th a t  did not f lower but he did not mention 

tuber  formation.

In the Andean region Oxalis tuberosa i s  usually encountered between 

2500 and 4000 m with the g r e a t e s t  frequency of  documented germplasm 

co l l e c t io n s  coming from between 3200 and 3900 m in Ecuador, Peru and 

Bolivia .  The upper a l t i t u d in a l  l im i t  of  Oxalis tuberosa th a t  I 

observed was 4100 m in cent ra l  Peru and Kay (1973) has repor ted an 

upper l i m i t  of  4500 m. In Mexico Oxalis tuberosa i s  cu l t iv a t e d  from 

2400 to  3300 m. Field research was not conducted in New Zealand and 

data from th a t  c u l t i v a t i o n  environment i s  lacking .

I t  i s  important to  recognize the e f f e c t iv e  and abso lu te  l i m i t s  of  

c u l t i v a t i o n  as described by Gade (1975). The e f f e c t i v e  l im i t  i s  the 

e levation  where the production of  a cu l t igen  no longer produces enough 

y ie ld  to warrant the e f f o r t  of  c u l t iv a t io n  and the absolute l i m i t  i s  

the h ighest  or  lowest ,  where the crop does not produce a t  a l l .  The 

f a c to r s  a f f e c t in g  poor or  no production are often r e l a t e d  and include 

the extremes of  hea t ,  cold or moisture and increased in sec t  or  

pathogen a t t a c k .  The choice of  where to  p lan t  crops i s  based on a 

soph is t ica ted  environmental knowledge of  the c h a r a c t e r i s t i c s  of  

ecological  zones. This knowledge and the associated  ag r i c u l tu r a l  

technology i s  discussed below. The ecogeograpic l i m i t s  presented here 

represen t  only the  cu r ren t  environmental po ten t ia l  o f  Oxalis t u b e ro s a .
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Vernacular Names

Oxalis tuberosa has the widest d i s t r i b u t io n  of  any of  the species 

discussed here and i s  known by numerous vernacular  names presented in 

Table I I .  These names r e f e r  to  the p r inc ip le  c u l t iva ted  species and 

not to  the numerous names given to c u l t i v a r s .  The most well known 

vernacular  name for  Oxalis tuberosa i s  "oca" which is  etymological ly 

s im i la r  to  the  Quechua term for  mankind "orcco" (Johns, 1986b). The 

c u l tu ra l  s ign i f icance  of  the name oca and i t s  r e la t io n sh ip  to  i t s  

growth form and uses of  other  Andean tubers  is  examined by Johns 

(1986b).
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Table II

Vernacular Names fo r  Oxalis tuberosa

Name Country (Language) Reference

cuiba Venezuela, Colombia King pers .  obs; White, 1975

hu is i s a i Venezuela, Colombia, Bukasov, 1930; Montaldo,

Ecuador, 1967

pighas Venezuela White, 1975

ib ias Venezuela, Colombia King pers .  obs; White, 1975

piga-mishi Colombia (Guambiano) Patino,  1963

mishi-poule Colombia (Guambiano) Patino,  1963

oca Colombia, Ecuador, Peru, Bukasov, 1930; King, 1987

Bolivia (Quechua)

oqa Peru (Quechua) Beyersdorf & Blanco, 1984

a p i l l a ,  Apil ja Bolivia (Aymara) Patino,  1963

apina Bolivia (Quechua) Beyersdorf & Blanco, 1984

macachin Argentina Montaldo, 1967

mi qui chi Argentina Montaldo, 1967

papa ex t ra n je ra Mexico (Spanish) King, pers .  obs.

yam New Zealand (English) Vietmeyer, 1986
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General Morphology of  Trooaeolum tuberosum

A descr ip t ion  of  Tropaeolum tuberosum (Fig. 7) i s  presented below. 

White (1975) also described the general morphology and anatomy of 

Tropaeolum tuberosum. A comparative study of  the f lo r a l  biology and 

morphology of  ten v a r i e t i e s  of  Tropaeolum tuberosum i s  in Ramirez 

(1977). Studies on the r e l a t io n s h ip  between the morphology and y ie ld  

of  I .  tuberosum are also  ava i lab le  (Nunez, 1978). Because t h i s  

morphological and anatomical work has been done, i t  was not repeated 

in th i s  study.

Tropaeolum tuberosum is  a herbaceous plan t  climbing by twining 

p e t io l e s ,  of ten  forming a dense tangled mound; perennial  from annually 

produced tubers  fo r  which i t  i s  cu l t iv a t e d .  Stems smooth, dark green 

to  pu rp l i sh .  Leaves a l t e r n a t e ,  simple, p e l t a t e ,  oval in o u t l in e ,  

th ree  to  f ive  lobed becoming palmate, glabrous above and below, upper 

surface dark green; p e t io le s  long, twining about vegeta t ion .  Flowers 

zygomorphic, borne singly  on long peduncles in l e a f  a x i l s .  Sepals 5 , 

unequal, fused a t  base,  forming a spured calyx,  yel low orange to 

reddish.  Pe ta ls  5, unequal, somewhat tubu lar ,  yel low to  red,  with 

darker ve ins.  Stamens 8 in two whorls,  spreading. Ovary super io r ,  

globose,  t r i l o c u l a r .  S ty le  elongate,  t r i f i d .  F ru i t  th ree  seeded, 

s p l i t i n g  in to  th ree  mericarps.
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Fig. 7. Tropaeolum tuberosum "mashua". A, Flowers and leaves, 

note p o l l i n a t o r  in lower l e f t .  B, Tuber var ia t ion  in 

Chinchero, Peru; l a rg e s t  tube r  100 mm long. C, Growth form 

of T. tuberosum in f i e l d  a t  Tahauco, Peru, near  Puno.
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Tropaeolum tubers produced on underground a x i l l a ry  s to lons ,  elongate,  

roughened by numerous nodes and sca le  leaves.  Tubers var iab le  in 

p a t te rn  and co lor ,  some with v e r i t i c a l  l ines  brown to black.  Color 

var iab le  from white,  cream, orange, yellow, maroon to brown.

Chromosome Numbers 

Bolkhovskiket e t  a l ,  (1960) reported chromosome numbers reported for  

Tropaeolum tubersoum as 2n = 42, while the bas ic number fo r  the genus 

Tropaeolum is  n = 6 or 7 .

Taxonomic C la s s i f i c a t io n  

Tropaeolum is  a genus of  86 spec ies,  occuring from Mexico to 

temperate South America (Sparre,  1973). Two subspecis of  Tropaeolum 

tuberosum are recognized Tropaeolum tuberosum subsp. tuberosum and 

subsp. s i l v e s t r e  (Sparre,  1973).

The main d i s t i n c t i o n  between the two subspecies i s  th a t  subsp. 

tuberosum produces tubers and subsp. s i l v e s t r e  does not .  This 

taxonomic d i s t i n c t i o n  i s  supported by research conducted by Johns & 

Towers (1981). The c u l t iva ted  subsp. tuberosum re leases  methoxybenzal 

iso th iocyanate ,  while the wild subspecies was charac te r ized  by benzyl , 

2-propyl ,  and 2-butyl isothiocyanates (Kjaer e t  a].., 1978; Johns and 

Towers, 1981).

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-64-

Wild Progenitor

The taxonomic d i s t i n c t i o n  between Tropaeolum tuberosum subsp. 

tuberosum and subsp. s i l v e s t r e  described by Sparre (1973) i s  based, as 

mentioned, on the presence or  absence of  tube rs .  The smaller s ize  of  

the flowers of  the subsp. s i l v e s t r e  was also  noted by Sparre but he 

suggests  th a t  t h i s  charac te r  is  "very approximate." The following 

species names are considered synonyms fo r  Tropaeolum tuberosum subsp. 

s i l v e s t r e : Tropaeolum buchenauianum Hieron. ,  I .  hieronvmi Buch., and 

T. seotemlobatum Heilb.  (Sparre,  1973).

Tropaeolum tuberosum subsp. s i l v e s t r e  is  found between 2400 to  3950 

m in Colombia, Ecuador, Peru, Bolivia and Argentina.  The research by 

Sperling (1987) on the "wild" forms of  Ullucus tuberosus is  l i k e ly  to 

provide useful da ta  for  a comparative analysi s  of  the r e la t io n sh ip  of 

the  c u l t iv a t e d  and wild subsp. of  Tropaeolum tuberosum described by 

Sparre.  The id e n t i t y  of  o ther  c lose ly  r e la ted  species meri ts  fu r the r  

inves t iga t ion  for  fu tu re  po te n tia l  breeding work.

Dis t r ibu t ion  and Ecogeographic Limits

The d i s t r i b u t i o n  of  Tropaeolum tuberosum subsp. tuberosum (Fig.  8) 

i s  pr im ar i ly  in the Andean region from Venezuela to  Argentina.  I t  is  

l i k e l y  to  al so  be c u l t iva ted  ip. Chile but no specimens or  references  

to  i t s  c u l t i v a t i o n  in Chile have been encountered.  Tropaeolum 

tuberosum has been cu l t iv a t e d  experimentally in the regions of
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Fig. 8. D is t r ibu t ion  map of Tropaeolum tuberosum subsp. tuberosum.
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Christchurch and Auckland New Zealand where i t  does produce tubers (B. 

Sykes & A. Endt pers .  comm.). There has been one incorrec t  c i t a t i o n  

o f  Tropaeolum tuberosum being purchased in a Mexican market in the 

S ta te of  Veracruz (Williams, 1978), which i s  discussed below.

The ecogeographic l im i t s  of  cu l t iv a t io n  are s im i la r  to those 

p resently  known for  Oxalis tuberosa . Tropaeolum tuberosum is  

c u l t iv a ted  between the e levat ions  of 2780 to 4200 m (INIAP/CIRF, 1985; 

Rea & Morales, 1980). I t  i t  i s  probable th a t  Tropaeolum tuberosum 

would be productive a t  the same low a l t i t u d e  of  2400 m as Oxalis 

tuberosa in Central America and Mexico.

Vernacular Names

The vernacular  names fo r  Tropaeolum tuberosum are presented in Table 

I I I .  The most f requently used names fo r  Tropaeolum tuberosum are 

"mashua" in Ecuador and "anu" and "isano" in Peru and Bolvia.
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Table I I I

Vernacular Names fo r  Tropaeolum tuberosum

Name Country (Language) Reference

cubio Colombia Bukasov, 1930; King, 1987

hubios, hubias Colombia White, 1975

navo Colombia King pers .  obs. ;  White,

pane Colombia (Guambiano) 1975 Patino,  1963

puel Colombia (Paez) Patino,  1963

mashua, maghua Colombia, Ecuador, Peru White, 1975; Montaldo, 1967

Bolivia Mejia Xesspe, 1931;

mashwa Peru (Quechua) Beyerdosrf & Blanco, 1984

anu Peru, Bolivia (Quechua) Patino,  1963; King, pers

obs

isafio, isanu Peru, Bolivia ,  Argentina Patino,  1963; Johns, 1981

mi swha Bolivia (Aymara) Mejia Xesspe, 1931

al lausu N.D. (Quechua) Mejia Xesspe, 1931

apina mama Bolivia Johns, 1986b
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General Morphology of  Ullucus t uberosus 

A morphological descr ip t ion  of  Ullucus tuberosus (Fig. 9) is 

presented below. Recent work on the va r ia t ion  within the cu l t iva ted  

Ullucus tuberosus has documented the f r u i t  morphology and s ig n i f i c a n t  

morphological va r ia t ion  between clones from Southern Andean Peru 

(Sperl ing,  1987; Rousi e t  al.. ,  1986).

Ullucus tuberosus i s  an e rec t  or  t r a i l i n g  succulent  and 

mucilaginous herb; perennial  from annually produced tubers  f o r  which 

i t  is  c u l t iv a t e d .  Stems r idged green yellow or reddish .  Leaves 

a l t e r n a t e ,  simple and s a g i t a t e  to reniform in ou t l in e  with acute or 

rounded ap ices,  upper and lower surfaces are glabrous,  l i g h t  to  dark 

green or  reddish;  the e r e c t  p e t io le s  are groved. Flowers regu la r ,  

borne on short  pedicels  in a x i l l a r y  racemes, ped ice ls  topped by a 

small p a i r  o f  hornlike brac ts  immediately below the two b ra c t l ik e  

sepals  which are yellow to reddish.  Peta ls  f ive  or  abnornally in ra re  

cases up to  13, yellow to  red with long a t tenua te  t i p s .  Pe ta ls  are 

fused a t  the base into  a shallow f lo r a l  cup, becomming accrescent  

about the r a r e ly  formed f r u i t .  Stamens are shor t ,  e r e c t ,  yel low.

Ovary super io r ,  short  and globose,  s ty le  simple. F ru i t s  are ra re ly  

produces but are globose with warty surfaces and r idged,  embryo 

annular as in most members of  the Centrospermae.
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Fig. 9. Ullucus tuberosus "ulluco" A, Leaves and flower d e t a i l .  B, 

Plant  aspect  and immature tube rs ,  so i l  removed to  expose 

tuber  formation. Chinchero, Peru 3800 m. C, Tuber 

va r ia t ion  in market in Ayacucho, Peru. Largest tuber 140 

mm long.
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UTIucus tubers are borne on elongate a x i l l a ry  sto lons  produced on 

the above ground or  below ground stem, becoming p o s i t ive ly  geotropic 

burrowing into the s o i l ,  r a re ly  branching before enlarging into 

elongate or spherical  terminal tubers .  Tubers smooth with few nodes 

and minute scale leaves .  Great pa t te rn  and co lor  va r i a t io n .  Tubers 

a t  times mottled with several co lor  spots or l i n e s .  Tuber colors 

white,  green, cream, yel low, orange, pink and red.

Chromosome Numbers 

Cardenas & Hawkes, (1948) and Rousi e t  al.. ,  (1986) reported 

chromosome numbers of  Ullucus tuberosus as 2n = 24 and 2n = 26.

Taxonomic C la ss i f i ca t io n  

Ullucus tuberosus i s  a monotypic genus. Sperl ing (1987) has 

rev ised the Basellaceae and he has c l a s s i f i e d  the wild progenitor  as 

Ullucus tuberosus subsp. abor ia ineus . Sperling considered the 

c u l t iv a ted  plan t  as Ullucus tuberosus subsp. tube rosus . A complete 

taxonomic h is to ry  of  Ullucus tuberosus i s  included S per l ing 's  

rev i s ion .

Wild Progenitor

Ullucus tuberosus subsp. aboriqineus (Fig. 10) i s  described and 

discussed by Sperl ing.  The information presented below is  a p a r t i a l  

summary of  S pe r l ing 's  data.  This wild subspecies occurs (Fig. 11)
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Fig- 10. Ullucus tuberosus subsp. aboriaineus (Sperling & King 

5404). Sorata,  Bolivia.
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Fig. 11. D is t r ibu t ion  of  Ullucus tuberosus subsp. abo r ia in eu s . 

After  Sperling,  1987.

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-77-

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-78-

from central  Peru to  northern Argentina.  The wild form may form 

shoots above or  below ground but tubers are always formed below 

ground. The wild tubers are small,  10-20 mm in diameter,  usually 

pink, dark maroon to red or infrequently  white in co lor .  The wild 

form i s  a vining in hab i t  and grows in semi scrub,  shrubby, and rocky 

environments. The wild form has not been found to produce viab le seed 

(Brucher, 1967; Sperl ing,  1987).

In addit ion  to  the wild form co l lec ted  on rocky slopes outside of 

Cninchero, Peru, the re  was a l imited  number of  p lan ts  of  Ullucus 

tuberosus subsp. aborioineus growing on the rock walls  in the 

v i l l a g e .  These plan ts  and those from the o ther  more i so la ted  

c o l lec t io n  l o c a l i t y  were ca l led  by two Quechua names. These names, 

"atok l i s a "  or  "atok ullucu" (atok = fox) and " k ' i t a  l i s a s "  ( k ' i t a  = 

wild and or unplanted) were used interchangeably fo r  the plan ts  

c l a s s i f i e d  as Ullucus tuberosus subsp. aborioineus co l lec ted  in both 

the v i l l a g e  and on the side of  the mountain ca l led  A nt ik i11qa 

(Sperl ing,  1987). Phytochemical inves t iga t ion  comparing the 

c u l t iv a ted  and wild subspecies is  l i k e ly  to  provide important data on 

the d i f fe rences  between the cu l t iva ted  and wild Ullucus tuberosus .

D is t r ibu t ion  and Ecogeographic Limits

The d i s t r i b u t i o n  of  Ullucus tuberosus subsp. tuberosus (Fig.  12) 

is  very s im i la r  to  t h a t  of  Trooaeolum tuberosum. I t  i s  c u l t iva ted  

from Venezuela to  Northwest Argentina.  The g r e a t e s t  d iv e r s i t y  of  

landraces observed during th i s  study was in the region of  southern 

Peru and northern Bolivia .  Ullucus tuberosus was introduced b r i e f l y  r
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F i y . 1 2 .  D i s t r i b u t i o n  o f  U l l u c u s  t u b e r o s u s  s u b s p .  t u b e r o s u s .
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to Europe in 1848 a f t e r  the potato famine as a po ten tia l  a l t e rn a t iv e  

root crop,  but according to Rousi e t  a i .  (1986), in t e r e s t  in the crop 

died due to  low y ie ld s .  More recently  a Finnish research team 

conducted experiments with Ullucus tuberosus t h a t  ind ica te  tuber 

formation and v iab le  seed se t  can be obtained in Turku, Finland (Rousi 

e t  al.. ,  1986, in p res s ) .  To date no va r ie ty  of  Ullucus tuberosus has 

been introduced to  North America th a t  produces tubers under natural  

outdoor cond i t ions .

The cur ren t  ecogeographic l im i t a t i o n s  of  Ullucus tuberosus are 

s im i la r  to those of  Tropaeolum tuberosum and Oxalis tube rosa . I 

observed i t  most frequen t ly  under cu l t iv a t io n  between 3000 and 4000 

m. The lowest c o l lec t io n  of Ullucus tuberosus is  from the v i l l a g e  of  

Matus Alto,  Ecuador, a t  2600 m (INIAP/CIRF, 1985) and Sperling (1987) 

has reported  i t  being cu l t iva ted  a t  2400 m. Ullucus tuberosus is 

r e s i s t a n t  to  low temperatures and can to l e r a t e  f r o s t  but i t  is  not 

cu l t iv a t e d  a t  the highest  eleva tions  where Lepidium mevenii is  

success fu l ly  c u l t iv a t e d .

Vernacular Names 

The most widely used vernacular  names for  Ullucus tuberosus are 

"melluco," "o l luco ,"  "u l luco ,"  "papa l i s a s "  and " l i s a s " .  I t  has been 

suggested by Sperling (1987) t h a t  the o r ig in  of  the genus name Ullucus 

i s  l i k e ly  to  come from the Quechua word "u l lu , "  which means the 

geni ta l  member o f  any male animal. The as socia t ion  of  the word "ullu" 

i s  with the  p h a l l i c  shape of  the tubers  of  some c u l t i v a r s  of  Ullucus 

tuberosus.
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Table IV

Vernacular Names of  Ullucus tuberosus

Name Country (language) Reference

michirui Venezuela Sper l ing,  1987

michuri ,  mi g u n Venezuela Sper l ing,  1987

michunchi Venezuela Sper l ing,  1987

mucuchi Venezuela Sper l ing,  1987

ruba, rubas Venezuela, Colombia Bukasov, 1930, King, Pers. 

obs.

tiguifio,  timbo Venezuela, Colombia Bukasov, 1930; Sperl ing:  

1987

camrone de t i e r r a  Colombia (Spanish) King, pers .  obs.

chigua,  chuguas Colombia Bukasov, 1930; Patino,  1963

hubas Colombi a Sperl ing,  1987

melluco Colombia, Ecuador Hodge, 1946; Bukasov, 1930

olluco Colombia, Ecuador, Peru Bukasov, 1930; Patino,  1963

Bolivia,  Argentina Fries & Tapia,  1986

ulluco Colombia, Ecuador, Peru Bukasov, 1930; Patino,  1963

Bolivia Rea, 1985, King pers .  obs.

millucu Ecuador INIAP/CIRF, 1985

papa l i s a ,  l i s a s  Peru, Bolivia (Spanish) King, pers .  obs.

u l 1uma Argentina Soer l ina.  1987
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Chapter 4 - Indigenous and Campesino Cu lt ivar  Taxonomies

The vernacular  names of  the four species d is t ingu ish  these crops in 

the various areas where they are c u l t iv a t e d .  In add it ion ,  the re  i s  a 

tremendous amount of  in t r a s p e c i f i c  va r ia t ion  within each of  three  

species,  Oxalis tuberosa. Tropaeolum tuberosum and Ullucus tuberosus . 

In Chapter 9, t h i s  in t r a s p e c i f i c  va r ia t ion  i s  discussed in r e l a t io n  to 

the la rge  in te rna t iona l  germplasm co l lec t ion  of each of  these species .

In t h i s  chapter  the indigenous c l a s s i f i c a t i o n  of  these crops is  

discussed and in t h i s  discussion the term "indigenous" includes both 

nat ive Amerindians and mestizo or  campesino Andean people. The 

ag r ic u l tu ra l  knowledge of both of  these groups i s  based on cen tur ies  

of  experience.  The d i s t i n c t i o n  between indigenous and mestizo or 

campesino is  al so  inc reas ingly  more d i f f i c u l t  to def ine  because of  the 

rap id ly  changing socio-economic pressures  th a t  encourage Amerindians 

to  abandon the v i s ib l e  c h a r a c t e r i s t i c s  of t h e i r  cu l tu ra l  h e r i t age .  

Placing these two groups toge ther  may be unacceptable to Andean social  

s c i e n t i s t s  but i t  f a c i l i t a t e s  the discussion  of  the indigenous 

taxonomy of these crops.

Folk Taxonomies

There i s  a la rge  body of  ethnographic and geographic l i t e r a t u r e  on 

fo lk  c l a s s i f i c a t i o n  of  p lan ts ,  animals, in sec t s ,  s o i l s  and many other  

f ea tu res  of  the environment of  indigenous people (Balee, 1986; Berl in 

e t  a l . ,  1973; Boster , 1985; Conklin, 1972; McCamant, 1982).
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There is  also a growing awareness in the in te rna tional  development 

community th a t  understanding indigenous systems of  c la ss i fy ing  the 

natural  world can be important to  the successful  in tegra t ion  of 

development programs (Chambers, 1983; Posey, 1983).

In the Andean region,  the c l a s s i f i c a t i o n  of the natural  world by 

indigenous people i s  complex, in par t  due to the high degree of  

ecological  change th a t  r e s u l t s  from dramatic changes in elevation over 

shor t  d i s tances .  In order to  understand the sub t le  in te rac t ions  

between humans and wild or  crop p lan ts ,  i t  i s  necessary to speak both 

the language and to observe the cu l tu ra l  and ag r ic u l tu ra l  a c t i v i t i e s  

t h a t  take place during the annual ag r ic u l tu ra l  cycle.  Research by a 

nat ive eng lish  speaking e thnbotanis t  who is  f luen t  in Quechua 

(Franquemont, 1987) provides an example of  an in tegra ted  approach to 

understanding the complex in te rac t ions  of humans, t h e i r  cu l tu ral  

behavior,  and the natural  environment. A portion of  the data 

presented below was co l lec ted  by Franquemont and myself as par t  of 

co l labo ra t ive  fieldwork over a th ree  month period in Chinchero, Peru, 

in 1982.

Several researchers  working in the Andes have reported on 

indigenous taxonomies applied to c u l t iv a ted  potato v a r i e t i e s  e .g .  

(Brush, 1980; Brush e t  a l ,  1981; La Barre, 1947). Indigenous names 

appl ied to  c u l t i v a r s  of  Andean tubers  have been l i s t e d  in the pas t  

(Bukasov, 1930; Hodge, 1946; and Leon, 1964a), but the re  is  no 

l i t e r a t u r e  examining the indigenous c l a s s i f i c a t i o n  of  Oxalis 

tuberosus . Tropaeolum tuberosum and Ullucus tube rosus .
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The work of  Stegemann and co-workers (1988) on biochemical 

d i f f e r e n t i a t i o n  of  clones of  Oxalis tuberosa included the indigenous 

names with a t r a n s l a t i o n  of  t h e i r  meaning. They reported tha t  

c u l t i v a r s  of  Oxalis tuberosa are divided into th ree  general Quechua 

ca tegor ies ,  each with a Quechua name, "Huaynuca", "Caya" and "Cahui." 

These th ree  ca tegor ies  r e f l e c t  the morphology of  the tubers ,  which 

a f f e c t s  the method of  s torage,  the preparat ion  and u t i l i z a t i o n  of  the 

tubers .  These clones are part  o f  the germplasm c o l lec t ion  of  the 

Universidad Nacional de Huanuco "Hermilio Valdizan"in Peru. In 

Southern Peru the category of  tube r used to make "Caya" (dehydrated 

and or f reeze -d r ied  tubers )  was also  recognized (pers .  obs.)

Germplasm co l l e c t io n s  of  Oxalis tube rosa . Tropaeolum tuberosum and 

Ullucus tuberosus from Ecuador and Bolivia have al so  been recorded 

including in varying degrees,  indigenous names and the c h a r a c t e r i s t i c s  

of  the c o l l e c t io n  (INIAP/CIRF, 1985; Rea & Morales, 1980). The 

indigenous c u l t i v a r  c l a s s i f i c a t i o n ,  i t s  t r a n s l a t i o n ,  i f  known and the 

c h a r a c t e r i s t i c s  of  the c u l t i v a r ,  i f  given,  from Ecuador, Peru and 

Bolivia are presented below.

Cul t ivar  Names

The number of  sp e c i f i c  c u l t i v a r  names fo r  Lepidium mevenii i s  low 

compared to  the othe r  th ree  spec ie s .  My fieldwork and the l i t e r a t u r e  

in d ica te s  t h a t  th e re  are four c u l t i v a r s  known. These are recognized 

by co lor:  black,  purple,  cream-yellow and cream-purple (Leon, 1964b; 

Pulgar Vidal , 1946).
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No repor ts  on the d is t ingu ish ing  c h a r a c t e r i s t i c s  between these 

c u l t iv a r s  are known and fu r the r  inves t iga t ion  into the genetic 

va r ia t ion  of  the these c u l t iv a r s  is  cu r ren t ly  being conducted (J .  Rea, 

pers .  comm.),

The c u l t i v a r  names of Ecuadorian germplasm co l lec t ions  (Table V) 

are usua lly  Spanish and are mostly based on the co lor  of  the tuber 

(INAIP/CIRF, 1985). The information presented in Table V is  a 

summation of  the data presented and does not include every germplasm 

c o l lec t ion  of  each of  the th ree  spec ies.  The published names of  the 

c u l t i v a r s  from Ecuador do not contain d e ta i l e d  information on the 

indigenous c l a s s i f i c a t i o n  of the these  crops.

The c u l t i v a r  names presented from the germplasm c o l lec t ion  of  

Oxalis tuberosa (Table VI) are from the Universi ty of  Huanuco in 

cen t ra l  Peru (Stegemann e t  a].., 1988). These 23 c u l t i v a r s  where 

se lec ted  by the authors of  the previously mentioned paper to be a 

sampling of the 60 co l lec t ions  a t  pa r t  of  t h a t  Un ivers i t ies  germplasm 

co l l e c t io n s  of  Oxalis tube rosa . The names associa ted  with these 

c o l lec t io n s  include more de ta i led  morphological descr ip t ion  but 

provide l i t t l e  information about o ther  c h a r a c t e r i s t i c s  of the clones.

The data presented from Chinchero, in Southern Peru (Table VII) 

represen ts  the d iv e r s i t y  of  c u l t i v a r s  of  Oxalis tube rosa . Tropaeolum 

tuberosum and Ullucus tuberosus in one Quechua community. The 

c o l l e c t io n s  were made when the c u l t i v a r s  were in flower p r io r  to  the 

production of  tubers .
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Table V

Ecuadorian Cul t ivar  C la ss i f i ca t ion*

Name

Oxalis tuberosa "Oca" 

English Gloss of  Spanish Name Catalog #

oca alargada elongated oca 04-0029

oca redonda round oca 04-0041

oca chaucha 04-0031

oca blanca white oca 04-0036

oca mancha Roja oca with red spots 04-0040

oca am ar i i la yellow oca 10-0017

oca negra black oca 17-0016

oca algodona cottony oca 06-0022

oca candunga 06-0024

oca morada purple oca 06-0047

oca cambrai 03-0004

Tropaeolum tuberosum "Mashua" 

English Gloss of  Spanish Name

mashua negra black mashua 04-0016

mashua blanca white mashua 04-0019

mashua am arar i l la  . yellow mashua 17-0020
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Table V
Continued

mashua Colorado red mashua 17-0021

mashua purpura purple mashua 06-0041

mashua sh i ra cold r e s i s t a n t  or  l i g h t  mashua 03-0001

mashua remedio medicinal mashua 03-0011

mashua peruana Peruvian mashua 03-0009

mashua zapallo squash or  pumpkin mashua 03-0006

Ullucus tuberosus "Melluco" 

English Gloss of  Spanish Name

melluco rinon kidney melluco 04-0024

melluco bianco white melluco 04-0025

melluco rojo red melluco 04-0082

olluco largo long olluco 04-0049

olluco  redondo round olluco 04-0054

olluco rosado Largo long Pink ol luco 04-0055

mellucu jaspeado marbled or  Mottled ol luco 10-0028

melluco amari l lo yellow melluco 17-0034

melluco Colorado red melluco 01-0029

*The names presented are those l i s t e d  INIAP/CIRF (1985). Several 
c o l l e c t io n s  of  each species were l i s t e d  without names and several  of  
the  names presented were l i s t e d  fo r  d i f f e r e n t  co l l e c t io n  numbers from 
d i s t i n c t  regions of  Ecuador.
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Table VI

Cult ivar  C la ss i f i c a t io n  in Huanuco, Peru*

Name

Oxalis tuberosa "Oca"

English Gloss of  Quechua or  Spanish Name Coll .#

golua g i f t  of  the earth 105

capish delgado th in  stolon 107

shullacchumpac sweetish l i z a rd 115

anajhuatu cobe hard s to lon,  pink 115

combo mallet  head 121

yuraj white Oca 106

garqar ic ra yellow arms 101

chilcano sweet orange 111

yanachumpac sweetish black 113

yanapahuay black bunch 118

shullac l i z a rd 120

anajhuata hard stolon 103

anajhuata puca nahui hard stolon with red eyes 124

papa oca potato oca 127

capish grande th ick  stolon 133

pumajactay sleeping puma 135

yura j  papa oca white potato oca 138

anajhuato ojo grande hard stolon  with big eyes 140

pifia oca pineapple oca 166

caDish rosado Dink th in  tuber 155

*Entire t a b le  a f t e r  Stegemann e t  a L , 1988.
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Table VII

Cult ivar  C la ss i f i ca t io n  in Chinchero, Peru*

Oxalis tuberosa "Oca"

English Gloss of  Spanish or Quechua Name 

Name (and Other C ha rac te r i s t i c s ,  i f  Given) Coll .  #

paucar oca 

higos oca

red oca 

f ig  oca

King 153 

King 154

Name

TroDaeolum tuberosum "Ahu"

Coll .  #

yana anu 

platano ahu 

k ' i t a  anu

black ahu 

p lan ta in  ahu 

wild ahu

King 155 

King 276 

Davis 1463
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Table VII Continued 

Ullucus tuberosus "Lisas"

phantasma l i s a s (tubers orange with red dots) King 235

zanahoria l i s a s car ro t  l i s a s  (yellow orange tubers) King 156

papas l i s a s potato l i s a  (white with red spots) King 157

arequipa l i s a s l i s a s  from Arequipa ( l ik e  oranges) King 158

yurac l i s a s white l i s a s King 234

te j t e h a ro  l i s a s (long tubers ,  white and red spots) King 236

a to j  ul luco fox ullucu Davis 1681

a to j  l i s a fox l i s a Davis 1775

* All of  the Chinchero co l lec t ions  were made as pa r t  of  a research 
p ro jec t  on the ethnoecology of  Chinchero. This da ta  does not intend 
to suggest t h a t  no o the r  v a r i e t i e s  ex i s ted .  See Franquemont (1987) 
fo r  fu r th e r  d iscusss ion .
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Table VIII 

Bolivian Cult ivar  C la ss i f ica t ion*

Oxalis tuberosa "Oca"

Name English Gloss of  Quechua, Aymara or  Spanish Coll .  #

Name and (other  C ha rac te r i s t i c s ,  i f  Given)

janko keni white b i t t e r 1

yurac white 3

chola oca oca 4

nifia Oca g i r l  oca 5

waca l i k i cows food 6

anko chisme b i t t e r 9

janko luki white ( fo r  making freeze dr ied oca) 10

huari chuchull i 11

oca blanca white oca ( r e s i s t a n t  to worms) 12

kel lu zappallo yellow 57

oca zapallo yellow oca (sweet a f t e r  f ive  days in sun) 63

kel lu  oca yellow oca 67

amari l lo y e l 1ow 68

m is t iza  ap i11a mixed oca 81

oca potosi potosi  oca 82

l u l i 84

kachachiki 85

chipuspuri 87
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Table V II I  Continued

pucanahui red eye ( tuber yellow) 91

k o l l a r i  97

pucanahui ke l lo camote red eye, yellow sweet potato 122

ojos ro jc  red eyes (ea t  d i r e c t ly )  131

pina pineapple 132

keacha (with s ta rch ,  very sof t )  134

keni mami t a  ajanu pink, ( suscep tib le  to everything) 135

janko keni quilima white pink 136

keni pink 137

humakhuakollo (not good fo r  freeze dr ied  oca

contains much water) 142

amajaya (sweet with good production) 145

sahuas ira  146

sakampaya (s tarchy ,  needing l i t t l e  sun exposure) 147

cas t ro  oca (sweet, eaten f re sh ,  l i t t l e  sun exposure) 152

chisme amari l lo b i t t e r  yel low, (only for  freeze  dried oca) 157

manzanil la small bal l  or  knob 160

a l a j i t a  (a "mutation") 180

cayara (from Peru) 182

umakoyui keni pink 188

keni cenizon pink 191

huari chucho 204

luki  cuy b i t t e r  guinea pig 244

mura alka (very sweet and starchy)  306
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Table V II I  Continued

jokopampa 314

pacena 335

ch ia r  a p i l l a 338

achacana ( for  making freeze dr ied  oca) 335

renaco 362

pi 1i runta 385

ica r i (f iberous) 407

yurac rosado white pink 408

puca chole red 411

t i t i c a n a 413

senor i ta 417

c a l i s t o 420

Tropaeolum tuberosum "Isaho''

isaiio bianco white isaho 3001

janko white (does not y ie ld  well) 3005

p a r a r i l l o  Kypa (escaped from c u l t iv a t io n ) 3006

ke l lu  isaho yellow isaho 3021

chimi (low y ie ld ) 3022

zapallo ( th i s  type t a s t e s  l i k e  Ullucus tuberosus) 3025

p i t i c a l l  a 3039

puckanawi red eye 3057
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Table V II I  Continued

achacana ( r e s i s t a n t  to worms) 3076

azul-Rawi blue eye (eaten cooked, a f t e r  exposed to sun) 3079

isano amarilo .yellow isano 3080

azuti 3092

ckus i l lo 3099

puya 3106

morado 3124

ch ia r - i sano (needs much time exposed to sun to ea t ) 3126

asuti (high protein) 3132

Ullucus tuberosus "Ulluco"

k i t a  ul luco wild ul luco (abundant mucilage) 2001

jancko white (low mucilage, requ ires  3 washes) 2005

c h e j je  rosa 2010

cheje (low mucilage) 2016

kellu y e l 1ow 2018

amari l lo  huevo yellow egg (much mucilage, requires  4 washes) 2023

sumac l i z a beaut ifu l  l i z a  (eaten d i r e c t ly ) 2025

komer l i z a (sweet, consumed d i r e c t l y ) 2039

runtu (good y ie ld ) 2043

l i z a  verde green l i s a 2044

chogo (good y i e ld ,  much water) 2045

im i l l - p a l t a (produces well ,  no mucilage) 2073
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Table V II I  Continued

luqui kel lu b i t t e r  yellow, ( r e s i s t a n t  to f ro s t s ) 2059

will  a (much mucilage, requi res  four washings) 2114

puka red (produces well ,  is  disappearing) 2118

willa-keni (cooked l ike  potatoes) 2123

w il la - luky (takes longer to cook) 2125

*The names in t h i s  t a b le  are t r a n s l a t e d  when poss ib le .  The c u l t i v a r  
c h a r a c t e r i s t i c s ,  d is t inguished  by parentheses,  are not indicated  by 
the name but are included as co l lec t ion  da ta  assoc ia ted  with each 
accession.  The bulk of  these germplasm co l lec t ions  e x i s t  only in 
germplasm banks in Peru as the Bolivian co l lec t ion  was destroyed 
(see Chapter 9) .
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The indigenous nomenclatural data co l lec ted  on Oxalis tube rosa. 

Trooaeoluin tuberosum and Ullucus tuberosus by Rea & Morales (1980) in 

Bolivia (Table VIII) i s  the most de ta i le d  information avai lable.  

Combined with the l i s t s  of names from Ecuador and Peru t h i s  l i s t  is 

important fo r  understanding the c u l t i v a r  c h a r a c t e r i s t i c s  of  these 

th ree  crops.  A treatment of the folk  taxonomy of the three  crops is 

beyond the scope of  t h i s  study.  The above l i s t  o f  names suggest both 

a high degree of  in t r a s p e c i f i c  va r ia t ion  and a s ig n i f i c a n t  indigenous 

knowledge of  the c h a r a c t e r i s t i c s  associated  with t h i s  va r ia t ion .

This indigenous knowledge about these  crops i s  l i k e ly  to be useful 

to any fu tu re  breeding work undertaken with these species.  Cult ivar  

c h a r a c t e r i s t i c s  such as r e s is tance  to f r o s t  or in sec t  a t tack  may prove 

invaluable to  fu tu re  work aimed a t  genet ic  improvement of  these 

crops.  A summary of  the types of  c h a r a c t e r i s t i c s  recognized by 

farmers in the th ree  count ries  (Table IX) ind ica te s  the numerous 

c h a r a c t e r i s t i c s  which Andean farmers use to d i s t ingu ish  c u l t i v a r s .  I t  

should al so  be noted t h a t  d i f f e r e n t  c u l t i v a r s  are valued fo r  d i s t i n c t  

purposes: some are eaten fresh with no processing or  cooking, while 

o thers  are b i t t e r  and must be processed but are then ea s i ly  stored .

One va r ie ty  of  Trooaeolum tuberosum was id e n t i f i e d  as "medicine" and 

i s  l i k e l y  t o  be used as medicine and not as a food s tap le .  The 

secondary compounds t h a t  influence these c l a s s i f i c a t i o n s  are discussed 

in the sec t ion  on ethnopharmacology in Chapter 7.
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Table IX

Andean Tuber Cult ivar  C harac te r i s t ic s  

Described From Ecuador, Peru and Bolivia

C ha rac te r i s t i c s

1. co lor  of  leaves ,  tubers  & "eyes"

2 . shape of  tuber

3. number of  "eyes"

4. t a s t e

5. level  of  sweetness

6 . presence,  absence and level of  b i t t e rn e s s

7. presence,  absence and level of  mucilage content

8 . water content

9. tex tu re

10. y ie ld

11. r e l a t i v e  s ta rch  & f i b e r  content

12. re s i s t a n c e  to  f r o s t  & insec t  damage

13. general r e s i s tan c e  of  p lan t ,  vigor

14. ed ib le  d i r e c t l y ,  no processsing necessary

15. number of  days necessary to  leave tubers in sun p r io r  to  

consumption

16. su i t a b le  or  unsuitab le  fo r  freeze -dry ing process

17. reputed place o r ig in  and r e l a t i v e  abundance of  va r ie ty ,  

germplasm s ta tu s

18. wild or  escaped d i s t i n c t i o n ______________________________
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Chapter 5 - Reproductive Biology, Agricultural  Cycle and U t i l i z a t io n

Lepidium mevenii

Propagation and Seed Production 

Lepidium mevenii i s  propagated by seed, in co n t ra s t  to Oxalis 

tube rosa . Tropaeolum tuberosum and Ullucus tuberosus which are 

propagated asexual ly.  The cropping system of Lepidium mevenii is  

complex and involves ac t ive  human se lec t ion  of  seed a t  a t  each 

harves t .  When Lepdium mevenii i s  harvested,  10 to  30 of  the l a rg e s t  

p lan ts  are l e f t  in the ground and the crown of leaves i s  removed. The 

remaining port ion of  the plant  i s  then t ransplanted  to  special  p lo t s  

with a spacing of  350-400 mm in a l l  d i r ec t ions  (Fig.  13). Sheep 

manure i s  added to  the p lo t s  and they are covered with 25-50 mm of 

s o i l .

Within two months, in December or  January,  new inflorescences  

appear seeds form and f a l l  to the ground. The seeds are then 

co l lec ted  and used to  rep lan t  the next seasons crop.  The seed is  

ca l led  "p ita"  (Fig.  14) and i s  reported to remain viab le  fo r  2-3 

years .  A f i e l d  of  15 x 15 m requires  350-450 grams of  seed (Leon, 

1964b).

Cult iva t ion  System, Daylength, and Yield 

Lepidium mevenii i s  planted in small p lo t s  in September or  

October. The harves t  takes place 9-10 months l a t e r  from June to 

August.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-100-

Fig. 13. Field of  Lepidium mevenii replanted a f t e r  harvest to 

produce seed. Huarye, Peru 4100 m.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-102-

Fig. 14. Seeds of  Lepidium mevenii. "p i ta " .  Huayre, Peru.
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seeds from the previous harvest are mixed with soi l and are broadcast 

planted into c u l t iva ted  p lo t s .  Planting occurs in the morning when 

there  i s  l i t t l e  wind. Sheep are often released into the seeded p lo t ,  

serving two funct ions :  as the sheep graze on other  puna perennials  

they press the seeds into  the s o i l s  and add manure to the ground as 

they walk through the p lo t .

The daylength requirement of  Lepidium meyenii has not been 

determined.  The number of  hours of dayl ight  necessary for  optimal 

growth and hypocotyl formation has not been es tab l i shed ,  although i t  

is  l i k e ly  to  be a short  day p la n t ,  s im i la r  to the o ther  species in 

th i s  work. Experimentation with Lepidium meyenii in mountainous 

regions in North America, Europe, Afr ica and Asia need to be ca r r i ed  

out.

Lepidium meyenii i s  apparently not planted with o ther  crops.  The 

y ie ld  of  Lepidium meyenii at  4500 m i s  reported to be 4-5 kg per 

square meter.

Inputs

During t h i s  f i e l d  inves t iga t ion  several ind ividual s  reported 

adding phosphorous and sheep manure to  t h e i r  f i e l d s .  Leon (1964b) 

reported  t h a t  f e r t i l i z e r  genera l ly  i s  not appl ied.  Several authors 

mention long fal low periods a f t e r  one cycle of  Lepidium meyenii 

plan ting  (Vasquez de Espinoza, 1948; Cobo, 1956). Vasquez de Espinoza 

wrote t h a t  a f i e l d  planted to  Lepidium meyenii remained unproductive 

fo r  up to th ree  decades.  One of  the farmers we interviewed to ld  us 

th a t  i t  was necessary to  wait several  years before rep lan t ing  but th a t  

t h i s  period could be reduced by adding f e r t i l i z e r  to  the p lo t .  One
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weedy species,  Lepidium virginicum is  known to in h i b i t  germination 

and seedling growth of  other p lan ts  (Bieber and Hoveland, 1958). This 

a l l e lo p a th ic  a c t i v i t y  may influence f i e l d s  where Lepidium meyenii was 

formally c u l t iva ted  but only fu r th e r  research wil l  answer th i s  

quest ion.

Disease and Insect  Predation 

There have been no repor ts  concerning pathogens or  insect  pes ts  

a f fec t ing  Lepidium meyenii. Informants in the Junin region denied 

having seen diseased p lan ts .  Lack of  insec t  pests  may in par t  be due 

to the presence of  alkalo ids  in Lepidium meyenii. which are discussed 

in Chapter 7) .

Consumption

Lepidium mevenii i s  consumed in numerous ways and fo r  several 

purposes.  I t  is  most commonly taken as food but i t  i s  also reputed to 

be "medicine" to enhance f e r t i l i t y  or cure swollen ovaries (see 

Chapter 7) .  Enti re hypocotyls of  Lepidium mevenii are taken as a 

porridge in the morning mixed with milk and f reeze -dr ied  pota tos ,  

dried  Oxalis tuberosa and/or with Chenooodium quinoa. I t  i s  also  

served with water  and dr ied  ground maize in a dish known as a 

"mazamorra de Maca". Lepidium mevenii i s  al so  used a f t e r  meals as a 

d e s se r t  and a sweet beverage i s  also  produced by grinding the dr ied  

hypocotyls and adding milk or water .  This beverage made from Lepidium 

mevenii has an aroma s im i la r  to bu t te rsco tch .  An alcoholic  beverage is  

also prepared by blending grated hypocotyls with rum. When f resh ly
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harvested,  Lepidium mevenii is  baked in earthen ovens in a method 

s im i la r  to th a t  t r a d i t i o n a l l y  employed fo r  one va r ie ty  of fresh 

potatoes.  The r e su l t ing  fresh baked Lepidium mevenii is  considered a 

de l icacy.

Processing and Storage 

Lepidium mevenii i s  sometimes prepared in a f resh s t a t e ,  but i t  is  

most commonly prepared a f t e r  i t  has been d r ied .  The drying process 

does not involve a freez ing phase as in the case of  the other  tube r  

crops.  After  the harves t  in June, maca hypocotyls are placed in the 

sun fo r  a month unti l  they are d r ied .  In t h i s  condit ion  they can be 

s tored  and eaten fo r  up to  f ive years .  Leon (1964b) reported t h a t  the 

t a s t e  of  Lepidium mevenii d e t e r io r a t e s  a f t e r  the second year .  We 

cooked th ree -year  -old dried Lepidium mevenii hypocotyls in water and 

served them to several non-Andean ind ividua ls  who had never t a s ted  

t h i s  food and were not aware of i t s  age. Several of  these indiv idua ls  

indicated  t h a t  the t a s t e  was pleasant  and compared the t ex tu re  and 

t a s t e  to f i g s .  Dried hypocotyls of  Lepidium mevenii co l lec ted  in 1981 

have been analysed n u t r i t i o n a l l y  and were found to contain high 

quan t i ty  and qu a l i ty  of  e ssen t ia l  amino ac ids .  This data i s  presented 

in the next chapter .  Dried Lepidium mevenii can be sto red  and eaten 

many years a f t e r  i t s  harves t .

Market Value

In the region of  i t s  production Lepidium mevenii was ava i lab le  fo r  

s a le  a t  many households but not in shops. In the v i l l a g e  of 

Carahuamayo, Lepidium mevenii was sold fo r  roughly $ US 0 .20 / lb  in 

1981. I t  was repor ted to be eaten often in t h i s  v i l l a g e ,  in some
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houses as a da i ly  morning meal. In Lima, the pr ice  was much higher.  

Four urban markets were inventoried fo r  venders s e l l in g  Lepidium 

mevenii. One medicinal plant  vendor was encountered se l l ing  i t  by the 

individual  hypocotyl a t  the high pr ice of  about US $ 1.00. I was 

unable to  buy more then f ive roots  at  t h i s  p r ice  as the vendor claimed 

Lepidium mevenii was d i f f i c u l t  to  get  in Lima and th a t  she had 

promised the remaining roots to regu la r  customers. This vendor said 

she sold them to woman who had troub le  with t h e i r  ovar ies.  The sa le  

of Lepidium mevenii as a spec ia l ty  medical item is  an unusal case and 

does not r e f l e c t  i t s  common market value.

Indus tr ia l  Potential  

The po ten t ia l  for  producing Lepidium mevenii on a la rge r  

commercial bas is  should be inves t iga ted .  I f  i t  can be introduced to  

o the r  mountainous regions such as Tibet  or  Nepal, an in te rna tiona l  

apprec ia t ion  and u t i l i z a t i o n  could be developed. The reputed 

f e r t i l i t y  enhanc ing-ef fect ,  i f  confirmed, would l i k e ly  be a s trong 

marketing c h a r a c t e r i s t i c .  The high food value of  Lepidium mevenii 

might also  c rea te  an in te rna t iona l  demand for  i t  s im i la r  to  the 

cur ren t  demand fo r  the high prote in  Andean grain Chenopodium guinoa.

At t h i s  time,  a wider u t i l i z a t i o n  of  t h i s  n u t r i t io u s  food crop should 

be vigorously promoted in the Andean region.
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Oxalis tuberosa

Propagation and Seed Production 

The reproductive biology of  Oxalis tuberosa has been examined by 

Gibbs (1976). Oxalis tuberosa exh ib i t s  t r i s t y l y ,  an outbreeding 

mechanism common in the Oxalidaceae. A p a r t i a l  co r re la t ion  between 

s ty l e  length and tuber  color  was proposed by Hill (1939), but t h i s  was 

not confirmed by t h i s  author or o ther  researchers  working with a la rge  

number of  Oxalis tuberosa c u l t iv a r s  (Cardenas, 1958). Oxal1s tuberosa 

i s  propagated vege ta t ive ly  and apparently botanical seed has not been 

used fo r  propagation by Andean farmers.

This spec ie s ,  however, r e t a in s  the capacity  to produce viable 

seed. Seed has been obtained by several  research groups although i t  

is  uncommon to  encounter  seed being produced in farmers f i e ld s  

(Cardenas, 1958; Gibbs e t  aT., 1978). The seeds are formed in 

capsules with explosive dehiscence;  t h i s  may increase  the d i f f i c u l t y  

of  encountering r ipe  seed in ag r i c u l tu ra l  f i e l d s  (Cardenas, 1958). 

Plants  with a l l  th ree  types of  s ty l e  morphs are capable of  producing 

v iab le  seed. Germination of  Oxalis tuberosa seed requ ires  an average 

of  18 days (Cortes, 1977).

Cu lt iva t ion  Systems, Daylength and Yield 

Seed tubers  of  Oxalis tuberosa are planted from 40 to 140 mm below 

the  so i l  su r face .  Experiments in the  region of Ayacucho a t  3600 m 

with 33 clones c Oxalis tuberosa have indicated  th a t  optimum y ie ld s  

are obtained wit., a d is ta nce  between rows o f  750 mm and a dis tance  

between p lan ts  of  200 mm (Canales & Baldomero, 1977).
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In the cen t ra l  and southern region of  Peru, Oxalis tuberosa is  

planted in October and November and harvested April and May.

Research conducted with 400 germplasm co l lec t ions  of  Oxalis tuberosa 

in Cuzco has shown the vegetat ive cycle to range between 220 to 269 

days from planting  to harvest  (Cortes, 1977). Tuberizat ion i s  in part  

i n i t i a t e d  by the onset of  shortened daylength.  In experiments with 10 

of  the above mentioned Cuzco co l lec t ions  tube r iza t ion  began a f t e r  110 

days, and the period of  maximum tuber growth ranged from 170 to  230 

days a f t e r  plan ting  (Cortes, 1977). Informants in Colombia and 

Bolivia repor ted s im i la r  vegetat ive cycles of  7 to 9 months between 

p lan ting  and harves t ,  although one repor t  of  an 11 month cycle has 

been repor ted in Colombia (White, 1975).

There i s  a high d iv e r s i t y  of  c u l t iv a t io n  systems u t i l i z e d  by Andean 

farmers.  Monocroping Oxalis tuberosa is not uncommon but i t  i s  also 

f requen t ly  intercropped with Tropaeolum tuberosum. Ullucus tuberosus 

(Fig.  15), tuber  bearing Solanum spec ie s,  Arracacia xanthorrh iza . Zea 

mays and several  other  crops.  Direct  in t e rp lan t ing  in the same row 

with Vicia faba (Fig. 16) i s  p rac t i s ed ;  in the same row so t h a t  the 

Vicia faba grows up through and above the Oxalis tuberosa p la n t s .  In 

add i t ion ,  Oxalis tuberosa i s  frequen t ly  in te rp lan ted  with Allium 

specie s ,  a p r a c t i c e  which i s  repor ted by farmers to decrease in sec t  

damage. F ie lds  t h a t  mix a l l  of  the  above mentioned species have also  

been observed in Peru and Bolivia .  Oxalis tuberosa i s  also  of ten  

c u l t iv a ted  in house gardens with a mixture of  cu l inary  herbs,  

medicinals  and ornamentals.
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Fig. 15. Oxalis tuberosa in te rp lan ted  with Ullucus tuberosus and 

Tropaeolum tuberosum. Chinchero, Peru.
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Fig. 16. Oxalis tuberosa in te rp lan ted  with Vicia faba. Region of 

Tunja, Colombia.
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Oxalis tuberosa in Colombia, Ecuador and Peru is considered a short  

day p lan t ,  requi r ing 11-12 hours of daylength for  optimum plant  growth 

and tuber formation.  In Bolivia,  co l lec t ions  of  Oxalis tuberosa 

c u l t iv a ted  under the same daylength,  a t  17 “S, and a t  elevations  of 

2560 m and 3400 m exhibited g rea t ly  reduced f lowering at  the lower 

elevation  (Cardenas, 1958). The amount of  p r e c ip i t a t io n  required 

during the growing season has been suggested as ranging from 350-452 

mm spread over the e n t i r e  season, while an 11 year average of 

p r e c ip i t a t io n  fo r  an 8 month growing season in Puno, Peru was reported 

as 602 mm (Lescano Rivero, 1984). Canales & Baldomero (1977) recorded 

610 mm in one season and noted i t  as a typ ica l  year .

The commercial cu l t iv a t io n  of  Oxalis tuberosa in New Zealand a t  

l a t i t u d e s  of  40o-46° S suggests th a t  the re  are v a r i e t i e s  of  Oxalis 

tuberosa th a t  are le ss  s e n s i t iv e  to  daylength (Palmer, 1982). The 

environment where Oxalis tuberosa i s  c u l t iv a ted  in New Zealand i s  

ty p i f i e d  by mild win te rs ,  a long growing season, and i s  very s im i la r  

to  the environmental condit ions near the equator a t  2000 to 3000 m 

(Dawes, pers .  comm.) The material  grown now in New Zealand i s  l i k e ly  

to have or ig ina ted  in Central or Southern Chile where Oxalis tuberosa 

may be le s s  daylength s e n s i t i v e .  Cardenas (1958) suggested Chile as a 

source fo r  Oxalis tuberosa germplasm with le s s  daylength s e n s i t i v i t y .  

He found t h a t  Chilean Chenopodium ouinoa v a r i e t i e s  produced seed. in 

England when Bolivian C. ouinoa would not (Cardenas, 1958).
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Yields of Oxalis tuberosa are dependent upon the c u l t iv a r s  planted,  

so i l  condi t ions ,  environmental f ea tu re s ,  so i l  inputs  and cropping 

method. Yields range from 7 to 30 tons per hectare  ( t / h ) ,  with an 

average of  21.1 t / h  fo r  7 ecotypes of  Oxalis tuberosa from Peru and 

Bolivia (Tapia, 1984). Experiments under cont ro l led  condit ions in 

southern Peru have produced y ie ld s  of  up to  97 t / h ,  although t h i s  high 

a y ie ld  has not been reported by farmers (Cortes, 1977). A pos i t ive  

co r re l a t i o n  between high y ie lds  and la rge  l e a f  diameter  has al so  been 

reported  by Canales & Baldomero (1977). The average production in 

1982 fo r  tuber  bearing Solanum species in the Andean region was 46 t / h  

( In te rna t iona l  Potato Center,  1984). This y ie ld  i s  in par t  the r e s u l t  

of  decades of  in te rna t iona l  ag r ic u l tu ra l  research and cos t ly  inputs 

aimed a t  improving the y ie ld s  of  tuber bearing Solanum species.  I t  is  

l i k e ly  t h a t  y ie ld s  of  Oxalis tuberosa could be improved with s im i la r  

inputs .

Inputs

In the context  of  t r a d i t i o n a l  Andean ag r ic u l tu ra l  p ra c t i c e s ,  

f e r t i l i z e r s ,  herb ic ides  and in s ec t ic id es  are not commonly applied to 

f i e l d s  of  Oxalis tube rosa . in pa r t  due to  the r u s t i c  nature of  the 

crop.  Manure from c a t t l e  and sheep i s  inf requently  applied to  Oxalis 

tuberosa f i e l d s  but i s  of ten  reserved fo r  other  crops t h a t  have a 

s t ronger market,  such as po ta toes .  Micronutrient  d e f ic ien c ie s  in 

Oxalis tuberosa p lan ts  have been id e n t i f i e d  and a key to  t h e i r  

symptoms prepared (Lescano Rivero, 1984).
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Experiments conducted on the e f f e c t  of  ni trogen (N), phosphorus (P) 

and potassium (K) on y ie ld  have been conducted in the Cuzco region of  

Peru. The r e s u l t s  indicated th a t  adding these n u t r i en t s  increased 

y ie ld s  from 30 t / h  to 44.5 t / h  with N, 26.5 t / h  to 45.5 t / h  for  P and

27.5 t / h  to  4 5 .6 . t / h  fo r  K (Cortes,  1977). Cost benef i t  data

regarding the  p r ice  of f e r t i l z e r  per  hectare  versus the value of  the 

increased production was not included in t h i s  study.

Preliminary comparative research on the use of  herb ic ides  to

control weeds has also  been conducted. Yields from f i e l d s  t h a t  were

t r e a te d  with several commercial herbacides,  (Tr ibun i l ,  Lorox, Karmex, 

Aflon and Sencor) were compared to f i e ld s  th a t  were weeded by hand as 

well as a control l e f t  untouched. The data indicated  th a t  y ie ld s  from 

f i e l d s  t h a t  were t r e a te d  with herb ic ides  were equal to  or l e s s  then 

the f i e l d s  t h a t  were manually cleared of  weeds (Cortes, 1977).

Disease and Insect  Predation 

There are several  d iseases  th a t  are l i k e l y  to  reduce the c rop ' s  

p roduc t iv i ty .  The case of  Ullucus tuberosus i s  discussed below.

Clones of  Ox a l i s  tuberosa  from Bolivia have been found to  carry 

arrecacha B vi rus  (AVB) and mycoplasm-like bodies (MPLB), and these  

pathogens appear to  cause severely diseased p lan ts  (Jones & Kenten, 

1981; Atkey & Brunt, 1982).
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Using meristem-tip cu l tu re  techniques these diseases  can be 

el iminated from Oxalis tuberosa . Elimination of  these diseases from 

Oxalis tuberosa may increase the y ie ld  by up to 30-40 % but th i s  has 

ye t  to be te s t ed  in ag r icu l tu ra l  f i e l d s  in the Andes. Future 

experimental in t roduction of  t h i s  crop to o ther  areas of  the world 

wil l requ ire  d i sea se - f r ee  germplasm.

The most f requently  c i ted  in sec t  pests  of  Oxalis tuberosa are 

Chrysomelid bee t les  of  the genus Coleoptera. ("gusano de la  oca") and 

nematodes of  the genus Heterodera f'nematodo de oro") (Cortes,  1977; 

Kay, 1973; Lescano Rivero, 1977). Coleoptera sp. a t tacks  Oxalis 

tuberosa a t  two stages of  i t s  l i f e  cycle .  In the adu l t  s tage the 

in sec t  e a t s  the leaves and in i t s  la rva l  s tage i t  devours the sto lons 

and tubers  (Cortes, 1977). The la rve  stage appears sho r t ly  a f t e r  

tub e r i z a t io n .  The la rva  are often encountered in stored  seed tube r,  

which then hatch again a f t e r  p lanting to  renew the in f e s t a t io n  in the 

next season.  Experiments with mul t ip le  clones of  Oxalis tuberosa have 

revealed near ly  complete r e s i s tance  to  both Coleoptera and 

Heterodera. Experiments with germplasm accessions in Southern Peru 

showed th a t  39 accessions were not af fec ted  by the Coleoptera bee t le  

with 5% of  the tubers  being damaged in 130 accessions (Cortes, 1977). 

Tests  with in s ec t ic id es  resu l ted  in a reduction in the incidence of 

Coleoptera i n f e s t a t io n  (Cortes, 1977).

In the case of  the Heterodora nematode, observations on 145 

germplasm accessions in Puno suggested th a t  22% of  the v a r i e t i e s  were 

highly r e s i s t a n t ,  63% were r e s i s t a n t ,  12% were suscep t ib le  and 3% were 

highly suscep t ib le  to Heterodora a t tack  (Lescano Rivero, 1977).
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Among other  in sec ts  tha t  a t tack  Oxalis tube rsosa . the most 

damaging to the underground portion of  the p lant  i s  Copitarsia tuba ta 

H. S. ("gusano de t i e r r a " )  and the most damaging species to the 

above-ground port ion i s  Macrosiphum euphorbiae Thomas (Lescano Rivero, 

1977). Lescano l i s t e d  three species as being benef ic ia l  to Oxalis 

tube rosa : Coleomeqilla maculata De Greer ("Mariquitas") ,  Aohidus 

colemani Viereck ("Avispas") and Svrphus sp. ("Moscas s i r o id e s " ) ;  the 

type of  benef i t  to Oxalis tuberosa was not described.

In re ference to the incidence of  p re -harves t  crop loss due to 

insec t  pes ts  i t  i s  important to note two t r a d i t i o n a l  ag r icu l tu ra l  

p rac t ices  associated  with tuber  crop c u l t i v a t i o n .  Fields of  Oxalis 

tuberosa are rou t ine ly  planted with many c u l t i v a r s  of  Oxalis tube rosa , 

which, given the var iab le  s u s c e p t i b i l i t y  c i t e d  above, reduces the 

percentage of  crop lo s s .  I t  i s  al so  a common p rac t ice  for  farmers 

pe r io d ic a l ly  to  tr ave l  to  other  regions and exchange or  purchase 

v a r i e t i e s  of  Oxalis tuberosa th a t  are "new" to t h e i r  f i e l d s ,  which 

introduce new clones t h a t  may be r e s i s t a n t  to  in sec t  at tack .

Fasciat ion

I t  i s  common to  encounter f a sc ia ted  stems and tubers in f i e l d s  of  

Oxalis tube rosa . Comparative research on the y ie ld s  of  fa sc ia ted  and 

normal p la n ts  has shown th a t  the re  i s  no s ig n i f i c a n t  d if ference  

between f a s c ia ted  and normal p lan ts  (Cortes, 1977). A discussion of  

the poss ib le  o r ig in  of  f a sc ia ted  Oxalis tuberosa plants  is  presented 

by White (1975).
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Consumption

Oxalis tuberosa i s  consumed raw and cooked in numerous d i s t i n c t  

dishes throughout the Andes and New Zealand. In the Andean region the 

tubers are used in soups and stews, steamed, (Fig. 17) boiled,  baked 

l ik e  pota toes ,  or  served as a sweet. In Colombia and Venezuela 

several other  addit ional  products have been reported including a type 

of  candied Oxalis tube rosa . a fermented beverage "chicha de oca" and a 

hot sauce (White, 1975). In New Zealand, Oxalis tuberosa i s  used in 

several  dishes and is  e spec ia l ly  popular as a s ide dish roasted with 

lamb. The t a s t e  of  Oxalis tuberosa has frequently been described as 

p leasan t ly  sourish (Vietmeyer, 1986). A second important use of  

Oxalis tuberosa involves a freeze dried  product known in Peru as 

"caya" t h a t  enables growers to preserve and s to re  the  tubers fo r  

several  years .

Processing and Storage 

The production of  "caya" is  s im i la r  to  several of  the ancient  well 

known processes used to  make freeze dr ied  potatoes known as "chuno" or  

" tun ta" ,  or  "moraya" (Werge, 1979; Woolfe, 1987). The production of  

"caya" involves several s teps as fol lows.  After  harvers t ,  the tubers 

are spread ou ts ide to  freeze  in the low tempertures of  the Andean 

winte r ,  June and July ,  fo r  3 to  5 n ig h ts .  During t h i s  phase of  the 

process the tubers  are covered during the day to p ro tec t  them from 

damage caused by exposure to  sun ligh t  (Cortes, 1977). Moisture i s  

then pressed out of  the tubers ,  usual ly  by stepping on them, in the 

l a t e  afternoon (Fuentes, 1982).

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



-1 2 0 -

Fig. 17. Steamed Oxalis tube rosa . sold in the s t r e e t s  of  Lima, 

Peru.
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the pressed tubers  are then placed in a stream or lake for  8 to 40 

days, as determined by the farmer. Final ly  the tubers  are removed 

from the water  and placed in the sun unti l  dry.  The f in ished  product 

(Fig.  18) i s  a f reeze -dr ied  tuber th a t  can be r econs t i tu ted  and used 

in soups or  stews; i t  wil l  not spoil for  several years .  This method 

provides food insurance agains t  years  of  d i s a s t e r  and low crop y ie ld .  

The n u t r i t io n a l  q u a l i t i e s  of  "caya", discussed in Chapter 6, appear to 

be reasonably high.

Some landraces are well sui ted  fo r  "caya" production while others 

are not.  Hodge (1946) suggested th a t  tubers reputed to  be high in 

calcium oxala tes ,  termed " b i t t e r  tu be rs" ,  are of ten  made into "caya". 

Some v a r i e t i e s  are considered b i t t e r  and only su i ted  fo r  the 

production of  "caya" (Rea & Morales, 1980). I t  i s  implied th a t  the , 

process of  making f reeze-dr ied  Oxalis tuberosa removes calcium oxalate 

c r y s t a l s  th a t  cause the tubers to  be unpala table .  I t  has been proven 

th a t  the process of  freeze-drying potatoes with high glycoalkaloid 

le ve ls  ( b i t t e r  pota toes)  lowered the glycoalkaloid  content  by 41 to 

89% (Chris t i ansen ,  1977). However no s tud ie s  comparing leve ls  of  

calcium oxala te before and a f t e r  the "caya" making process have been 

conducted. The quest ion of  calcium oxalate  l eve ls  and human n u t r i t i o n  

is  discussed in Chapter 6.

In Bolivia a t  l e a s t  four v a r i e t i e s  are made sweeter by being placed 

in the sun fo r  one to  several  days and t h i s  i s  a common p rac t ice  

throughout the Andes (Rea & Morales, 1980; Cortes, 1977). Cortes 

(1977) repor ted t h a t  glucose leve ls  in f resh tubers  increased an 

average o f  40% a f t e r  being placed in the  sun. Because oxal ic  acid is  

p a r t i a l l y  soluable in water  the "caya" making process l i k e ly  to
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Fig. 18. A, Processed freeze-dr ied  Oxalis tuberosa "caya" for  

long term storage.  B, Freeze dr ied  Ullucus tuberosus . C, 

f reeze-dr ied  pota toes .  Ayacucho, Peru.
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diminish the concentrat ion of  oxalic  acid and thereby make them more 

pa la tab le .  In Peru only 10% of the crop is devoted to the production 

of  f reeze -d r ied  "caya". When cooked in regional d ishes ,  "caya" does 

not impart a s trong t a s t e ;  and i t  i s  a ready carbohydrate add i t ive .

By processing tubers into "caya", a port ion of  the crop can be stored  

fo r  fu tu re  use.

Numerous methods are u t i l i z e d  to  s to re  Oxalis tube rosa . Tubers are 

t i e d  toge ther  and suspended from ce i l in g s  in Colombia; throughout the 

Andean region tubers are stored in wool and clo th  bags, usually in 

cool dry areas of  homes. The condit ion of  the tubers  i s  p e r iod ica l ly  

checked fo r  d e t e r io r a t io n ,  e spec ia l ly  seed tu be rs .  Peruvian 

researchers  point  out th a t  loss during pos tharves t  s torage  i s  f a r  more 

ser ious  then damage from d isease .  Insec ts  can cause crop loss  of  up 

to  38% (Cortes,  1984; Delagado e t  a].., 1982). The organism 

respons ib le  fo r  these  losses  i s  a species of  the genus Rhizopus sp. 

(Mucoraceae) (Delgado e t  al . . , 1982). Improved methods of  crop storage  

aimed a t  c o n t ro l l in g  sprouting and reducing losses  in potatoes have 

been developed a t  the In te rna tiona l  Potato Center (Monares, 1980; 

Werge, 1977) Similar  research on storage systems fo r  Oxalis tuberosa 

should be undertaken with the aim of reducing crop lo s s .

Market Value

The market value of  Oxalis tuberosa in the Andean region i s  

usual ly  10-20% lower than the pr ice  of  prefer red  v a r i e t i e s  of 

pota toes .  This lower market value r e f l e c t s ,  in pa r t ,  the s t a t u s  of  

the crop on a nat ional  l e v e l .  I t  i s  considered a r u s t i c  crop of  the 

mountains t h a t  i s  not in grea t  demand in urban areas.  I t  i s  estimated 

t h a t  32,000 hectares o f  Oxalis tuberosa were under c u l t iv a t io n  in 1983
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in Ecuador, Peru and Bolivia (Tapia, 1984). The tubers are also 

traded in t r a d i t i o n a l  Andean markets for  f r u i t ,  vegetables and coca.

In Mexico the market value of  Oxalis tuberosa was reported to be 

20-50% le s s  than potatoes (see Chapter 8) .  As previously mentioned, 

th e re  i s  an increasing demand fo r  Oxalis tuberosa in New Zealand, 

where i t  i s  marketed by Turners & Growers Ltd. in Auckland on a 

wholesale basis  (Fig.  19). Outside the capi ta l  c i t y  of  Auckland,

Oxalis tuberosa i s  also marketed by small scale producers,  and the 

pr ice  has been reported as comparable to potato p r ice s .

Indus tr ia l  Potential  

Several Andean researchers  have suggested t h a t  due to a high dry 

matter  content  the re  i s  a s trong,  as ye t  unexploited theo re t ica l  

po ten t ia l  fo r  u t i l i z i n g  Oxalis tuberosa as a source fo r  s ta rch ,  f lou r  

and alcohol (Cortes, 1977; Ochoa e t  al. . ,  1981). Experiments with 356 

clones of  Oxalis tuberosa y ie lded  an average of  24% dry matter ,  16% 

s tarch  and 21% f lo u r .  The c h a r a c t e r i s t i c s  of  the sta rch  were reported 

as fol lows:  grain  s ize  0.02 mm, temperature of  gel a t in iz a t io n  68° C, 

apparent dens i ty  0.78 g r /cc  and t rue  densi ty 1.511 gr /cc  (Cortes, 

1977). One ki lo  of  Oxalis tubers produced an average of  173 cc of  45% 

alcohol t h a t  contained 70% ethanol (Cortds, 1977).
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Fig. 19. A, Oxalis tuberosa for  sale  in wholesale market in 

Auckland, New Zealand. B, Detail of  same. Photographs 

courtesy of  G. Samuels.
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Tropaeolum tuberosum

Propagation and Seed Production 

The f lo ra l  biology and pollen morphology of  Trooaeolum tuberosum 

has been examined (Cardenas, 1958; Huynh, 1968; White, 1975; Ramirez 

1977). In con t ra s t  to  Oxalis tuberosa . t h i s  species produces 

considerable q u a n t i t i e s  of  v iable seed (Cortes, 1984). One Bolivian 

s c i e n t i s t  has recen t ly  conducted breeding work with seed aimed a t  

producing a high pro te in  var ie ty  of  Trooaeolum tuberosum (Rea,

1984b). He se lec ted  a var ie ty  of  Trooaeolum tuberosum th a t  contains 

high pro te in  leve ls  (see Chapter 6) .  When sexual seed is  produced, 

germination r a t e s  are reported to  be high (Cortes, 1984). Farmers do 

not use sexual seed for  propagation.  Trooaeolum tuberosum, l i k e  

Oxalis tuberosa and Ullucus tuberosus i s  always propagated by 

seed-tubers  se lec ted  from the previous y e a r ' s  harves t .

Cult iva t ion  System, Daylength and Yield 

The plant ing methods are s im i la r  to those descr ibed fo r  Oxalis 

tube rosa : seed tubers  are planted 50-150 mm below the so i l  surface.  

Experiments with the dens i ty  of  plan ting  in Puno, Peru have 

demonstrated optimum production with a d is tance  between rows of  800 mm 

and a d is tance  between p lan ts  of  250 mm (Lescano Rivero, 1984).
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The ag r ic u l tu ra l  cycle of Tropaeolum tuberosum is  quite  s imi la r  to 

th a t  described fo r  Oxalis tube rosa . Seed tubers are planted in 

September or  October and harvested 7-9 months l a t e r  in April or May. 

Experiments conducted in Puno and Cuzco, suggest th a t  the vegetat ive 

phase o f  Tropaeolum tuberosum from planting to  harvest  varies between 

185 to  245 days (Cortes, 1984; Tapia, 1984).

Tropaeolum tubers are cu l t iva ted  in monospecific f i e l d s ,  e spec ia l ly  

in the departement of Boyaca, in northern Colombia (Fig.  20). I t  i s  

also cu l t iv a t e d  with Solanum .iuzepczukii and Solanum curtilobum in 

Bolivia ( b i t t e r  po ta toes) .  The l i s t  of crops in te rp lan ted  with Oxalis 

tuberosa al so  appl ies  to  Trooaeolum tuberosum.

Tropaeolum tuberosum is  also considered a valuable companion plan t  

because the tubers  contain secondary compounds t h a t  are reputed to  

have nematocidal and in sec t ic ida l  p roper t i e s .  Farmers have reported 

t h a t  they in t e r p l a n t  Tropaeolum tuberosum with other  tuber crops 

because they bel ieve " i t  i s  r e s i s t a n t  to pathogen a t tack  and capable 

of  pro tec t ing  other  tubers from des truc t ion"  (Johns e t  al.., 1982).

At 3800 m and above, the planting of  Tropaeolum tuberosum and the 

o ther  tubers  i s  of ten  ro ta ted  over a 10 year period with 4-6 fallow 

years (Mateo & Tapia,  in p res s ) .  A common cropping sequence fo r  4 

years  would be b i t t e r  po ta toes,  followed by 2 years of  intercropped 

Tropaeolurn tuberosum with Ullucus tuberosus and a f ina l  year  of  bar ley 

before the fallow phase (Mateo & Tapia, in p re s s ) .
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Fig. 20. Harvesting commercial f i e l d  of  Tropaeolum tuberosum in 

the region of  Tunja, Colombia. 3600 m.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-133-

Tropaeolum tuberosum is also  a short-day p la n t ,  with optimum 

daylength fo r  f lowering being 10-12 hours and 9 hours for  

tu b e r i z a t io n .  Experiments aimed at  producing flowering and 

tube r iza t ion  under long-day condit ions  in Leningrad, U.S.S.R., Russia 

were not successful  (Bukasov, 1930). Tropaeolum tuberosum is 

c u l t iv a t e d  in New Zealand and does form tubers ,  although i t  is  not yet  

commercially in demand (Palmer, 1982). In New Zealand, Tropaeolum 

tuberosum is  repor ted to be f r o s t  s ens i t ive  (Sykes, pers .  comm.). The 

optimal temperature and moisture requirements of  Trooaeolum tuberosum 

have not been sys tematica l ly  studied but appear to  be s im i la r  to the 

requirements of  Oxalis tube rosa .

The y ie ld s  of  Trooaeolum tuberosum are reported to  range between 20 

- 30 t / h  with a wide degree of  va r ia t ion  among ecogeographic areas 

(Tapia, 1984; Lescano, 1984). Experiments with 25 v a r i e t i e s  in Cuzco, 

Peru, have r e su l ted  in y ie lds  of  up to  50 t / h  (Cortes,  1977).

Inputs

There are very few repor ts  of  high leve ls  of  organic or syn the t ic  

f e r t i l i z e r  applied to  f i e l d s  of  Tropaeolum tuberosum. Informants from 

commercial production zones in northern Colombia did not repor t  using 

f e r t i l i z e r s  on t h e i r  f i e l d s .  The addit ion  of  small amounts of  sheep, 

llama and c a t t l e  manure to  f i e l d s  being prepared fo r  Trooaeolum 

tuberosum p lanting  has been observed in a few f i e l d s  in Southern Peru.
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Disease and Insect  Predation

Tropaeolum tuberosum has been found to contain numerous viruses 

which have not been previously described (A. Brunt pers .  comm.). 

Recently Tropaeolum tuberosum has been found to carry  potato le a f  

v irus  ( J .  Martineau, unpubl. d a t a ) .  Research i s  now in progress by 

Brunt and co-workers to iden t i fy  and describe these vi ruses .

The only known insec t  pest  of  Tropaeolum tuberosum i s  Sponqospora 

subterranea (White, 1975). Bukasov (1930), did repor t  th a t  tubers  of 

Tropaeolum tuberosum are much at tacked by " insec t  la rva" but he did 

not e labo ra te .  The tubers of  Tropaeolum tuberosum contain 

iso th iocyanates  and Johns e t  a l .  (1982) has shown th a t  these 

iso th icyana tes  show in sec t ic id a l  and nematocidal a c t i v i t y .  The 

u t i l i z a t i o n  of  Tropaeolum tuberosum as de te ren t  to pathogens st rongly  

suggests  t h a t  i t  should be introduced along with the other  species 

discussed in t h i s  research to any new area as an a l l e lo p a th ic  

de t e r r e n t  to  nematode and insec t  damage.

Fascia t ion

Fasciat ion  of  Tropaeolum tuberosum i s  reported as being an 

inf requent  morphological growth form of t h i s  species (White, 1975). 

This abnormal growth form occurs in both the above ground stems and in 

the  tube rs .  No comparative da ta  has been encountered on the r e l a t i v e  

frequency e f f e c t s  on y ie ld s  of  f a sc ia ted  p lan ts .
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Consumption

Tubers of  Trooaeolum tuberosum have been h i s t o r i c a l l y  and are 

cu r ren t ly  c u l t iva ted  fo r  use as food and Medicine (Johns e t  al..,

1982). Discusion of  i t s  medicinal p roper t ies  are presented in Chapter 

7. In the department of  Ancash, Peru, Tropaeolum tuberosum is  

considered to  be su i t a b le  as food for  women but men do not ea t  i t  

bel ieving th a t  i t  wil l  cause impotence (Johns, 1986b).

Tropaeolum tuberosum tubers are r a re ly  consumed raw. I t  has been 

suggested t h a t  the not iceab le  odor, a known fea tu re  of  

iso th iocyanates ,  and most c u l t iv a r s  require  cooking f i r s t .  Those 

tubers c u l t iv a ted  fo r  food are eaten in stews, soups, and a number of  

d i s t i n c t  regional  d ishes .  One espec ia l ly  de l ic ious  preparat ion 

sampled by t h i s  author in Southern Colombia included sauteed tubers ,  

onions,  peppers,  s a l t  and two eggs. In Bolivia,  tubers are cooked and 

then frozen to  be sold in the markets by the name of  "tcayacha" 

(Bukasov, 1930) and these have also  been reported to  be consumed with 

molasses (Johns e t a l . . ,  1982).

Processing and Storage

In con t ra s t  to  Oxalis tuberosa and Ullucus tuberosus . the re  does 

not appear to  e x i s t  a f reeze-drying process used to  preserve tubers  of  

Tropaeolum tuberosum. Tubers are sto red  in cool dry areas of  homes.
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Market Value

The market value of  Trooaeolum tuberosum depends upon whether the 

tubers  purchased are considered medicinal or  food. In the region of  

Northern Colombia food tubers predominate and the pr ice  was lower then 

pota toes or  Oxalis tubers .  In southern Colombia medicinal tubers were 

not sold by weight but by the tuber,  and they were sold in the 

medicinal p lan t  sect ion of the market in an area d i s t i n c t  from the 

food s e l l in g  sec t ion .  The pr ice of  the medicinal tubers ,  compared to 

food tubers on an equal weight bas is ,  was considerably higher.  This 

d iv i s ion  of  medicinal versus food tubers was encountered only in 

Colombia. In comparison with Oxalis tuberosa and Ullucus tuberosus,  

Tropaeolum tuberosum is  the l e a s t  prefer red .

Indus tr ia l  Potent ial  

Rea (1984b) suggested t h a t  Tropaeolum tubers be used fo r  c a t t l e  

feed.  In an experiment in Peru c a t t l e  were fed Tropaeolum tubers and 

compared with commercial feed.  The r e s u l t s  suggest t h a t  Tropaeolum 

tuberosum i s  a high qua l i ty  feed comparable to  regional  market 

products .  Cortes (1984) has suggested t h a t  the  30 percent  dry mat ter  

content  of  Tropaeolum tubers  could be processed in to  commercial f lo u r .
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U l l u c u s  t u b e r o s u s

Propagation and Seed Production 

Ullucus tuberosus i s  most often considered an asexual crop th a t  

r a r e ly  or  never produces f r u i t  or  seed (Leon, 1964a; Brucher, 1977; 

Galeway & Risi Carbone, 1983; Sperl ing,  1987). Recently however, 

f r u i t  and viab le  seed of  Ullucus tuberosus have been produced and 

described under con t ro l led  condit ions in Finland (Rousi e t  a l ,  in 

p res s ) .  The formation of  more then 1000 f r u i t s  in Ullucus tuberosus 

suggests  t h a t  fu tu re  breeding e f f o r t s  may be able to  u t i l i z e  seed to 

improve the crop (Rousi e t  a].., 1986).

Both the cu l t iv a ted  and wild subspecies of  Ullucus tuberosus 

produce v iab le  poll en .  Sperling (1987) repor ted th a t  the ra re ly  

produced seeds encountered in cu l t iv a ted  Ullucus contain an apparently 

aborted embryo. Sperling has suggested th a t  apmoxis may be 

responsib le  for  the occurrence of  f r u i t  production reported by the 

Rousi e t  al -  (1986). One clone of  Ullucus tuberosus encountered in 

southern Peru has been reported as producing seed and growing in a 

f i e l d  adjacent  to  a populat ion of  the wild subspecies (Sperl ing,  1987) 

and the po ten t ia l  c ro s s -p o l l i n a t io n  of  cu l t iva ted  and wild species has 

been suggested as a poss ib le  stimulus of  f r u i t  i n i t i a t i o n .

In the  Andean region Ullucus tuberosus i s  propagated vege ta t ive ly .  

In t h a t  area I never encountered farmers c u l t iv a t in g  t h i s  species from 

seed. Among the four species included in t h i s  research Ullucus 

tuberosus ex h ib i t s  the g re a t e s t  d i v e r s i t y  o f  tuber form, shape and 

co lor .  One explanation fo r  the o r ig in  of  such d iv e r s i t y  in a crop 

t h a t  has become rou t ine ly  s t e r i l e ,  i s  t h a t  the v a r ia t io n  i s  produced
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by somatic mutat ions.  Rousi e t  a].. (1987), have suggested tha t  i t  is 

l i k e ly  t h a t  sexual reproduction did occur in the ear ly  stages of the 

domesticat ion of  th i s  crop.

Cult ivat ion System, Daylength and Yield 

Tubers are planted 50-150 mm below the surface  of  the s o i l .  The 

prefered s ize  of  seed tubers in Puno, Peru was 50-60 grams each 

(Tapia, 1984). The average d is tance  between rows and p lan ts  has been 

reported as 800-1000 mm between rows and 500 mm between p lan ts  (Rea, 

1975). In Colombia planting takes place from March to August with 

harves t  180 to  360 days l a t e r  (Sperl ing,  1987). In Peru, the p lan ting  

and harvest  cycle i s  s im i la r  t h a t  of  Oxalis tuberosa  and Tropaeolum 

tuberosum with p lan ting  occuring in September or  October and harvest  

7-9 months l a t e r  in April or May. The period of  time between p lanting 

and harves t  va r ie s  in each of  the above mentioned count r ies  and i s  

dependant upon the seasonal va r ia t ion  and micro-climate in which they 

are planted .

The monoculture of  Ullucus tuberosus fo r  wholesale d i s t r i b u t io n  was 

observed in the region of  S i lv i a ,  Colombia. In Peru i t  i s  est imated 

th a t  15,000 hectares  of  Ullucus tuberosus were under c u l t iv a t io n  in 

1983 (INPA, 1983). I t  i s  often in te rp lan ted  with Allium sp. (Fig. 21) 

and with many other  crops (Fig.  22), as described fo r  Oxalis tuberosa 

and Tropaeolum tuberosum. There are two d i s t i n c t  growth forms 

documented fo r  Ullucus tuberosus . one i s  an e rec t  form and the other  

i s  a scandent t r a i l i n g  form (Fig.  23).
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Fig. 21. Ullucus tuberosus in terp lan ted  in the same row with 

Allium sp. region of  S i lv i a ,  Colombia.
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Fig. 22. Ullucus tuberosus intercropped with Oxalis tuberosa in 

Huancavelica, Peru. 3700 m.
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Fig. 23. Two growth forms of  Ullucus tuberosus . A, scandent 

t r a i l i n g  form and B, Erect form. Region of  S i lv ia ,  

Colombia.
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LHIuciis tuberosus is  also a short-day plant  requi r ing 11 to 13 

hours of  daylength fo r  the i n i t i a t i o n  of  tube r iza t ion  (Sperl ing,

1987). Rousi e t  al.. (1986) compared the y ie ld s  of  tubers under short 

and long daylengths and found the th a t  the mean y ie ld  for  p lan ts  under 

shor t  days was 270 grams per plan t  and 20 grams per plan t  under long 

days.

Flowering and then stolon formation occurs 80-100 days a f t e r  

planting (Sperl ing,  1987) and tube r iza t ion  take place 111-150 days 

a f t e r  p lan ting  (Benavides, 1967). Sperling (1987) reported th a t  

longer days i n i t i a t e  vigorous f lowering and th a t  the  subsequent 

shortening of  daylength favors tuber production.

The da ta  fo r  y ie ld s  of  Ullucus tuberosus ind ica te s  a wide degree of  

va r i a t io n .  Reports have been c i ted  between 2.2 t / h  in Ayacucho, Peru 

to 10.6 t / h  in Cuzco, Peru and one researcher  reported  y ie ld s  to 19 

t / h  (Rea, 1975; Cortes,  1984; Tapia, 1984).

Inputs

As in the case of  Oxalis tuberosa and Tropaeolum tuberosum there 

are very few repor ts  of  the use of  organic or  commercial f e r t i l i z e r  on 

f i e l d s  of  Ullucus tube rosus . Experiments have been conducted on the 

e f f e c t s  o f  adding a mixture of  NPK to  f i e l d s  of  Ullucus tu be rosus .

This research suggested th a t  the l a rg e s t  y ie ld  of  15.48 t / h  was 

obtained using the l a rg e s t  quant i ty  of  11 leve ls  o f  NPK (Cortes,

1984).
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Disease and Insect  Pests 

Ullucus tuberosus contains a complex of  three  or  four v iruses .  

These v iruses  have been iden t i f i ed  as potexvius (PMV/U) a tobamovirus 

(TMV/U), a potyvirus ( t e n t a t i v e ly  designated Ullucus mosaic v irus ,

UMV) and a newly recognized comovirus (Ullucus v irus  C) (Brunt e t  a l . ,  

1932a; 1982b).

The potexvirus ( PMV/C) was found to in fec t  Ullucus tuberosus but 

produced no symptoms. The tobamovirus (TMV/U appears to  induce 

conspicuous necro t ic  le sions  in Nicotiana g lu t i n o s a . The Ullucus 

mosaic vi rus  (UMV) alone in Ullucus tuberosus induced l e a f  symptoms 

ind i s t ingu ishab le  from the ch lo ro t ic  mott l ing and d i s to r t i o n  found in 

n a tu ra l ly  in fec ted p lan t s .  Plants  in fec ted with Ullucus vi rus C 

stunted and showed some ch lo ro t ic  leaves but p lan ts  infec ted  

experimental ly with Ullucus v irus C alone remain symptomless (Brunt e t  

a l . ,  1982b).

All four of  these v iruses  have been experimental ly el iminated from 

Ullucus tuberosus using meristem-tip cu l tu re  and chemotherapy (Stone, 

1982). Comparative f i e l d  t r i a l s  on the e f f e c t s  of  these v iruses  on 

p la n t  growth have not ye t  been conducted but i t  i s  suggested th a t  

e l iminat ion of  these v iruses  would dramatical ly  increase plant  vigor 

and y ie ld  (A. Brunt, pe rs .  comm.). In order to  conduct f i e l d  t r i a l s  

with Ullucus tuberosus in countries  outs ide of  the Andean range i t  

wil l  be necessary to  have v i ru s - f r e e  mate r ia l .
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Reports of  the insec t  pests  of  Ullucus tuberosus are few, one is 

la rva of  the genus 1iriomvz (Cortes,  1984). The other  pests  reported 

for  U l l i ' u s  tuberosa is  "gorgojo de los andes" (Premnotrypes) and the 

nematode Heterodera ros toch iens is  (Fr ies  & Tapia, 1986).

Consumption

Ullucus tuberosus i s  prepared in numerous types of  dishes 

throughout the Andes. Most commonly the tubers  are cooked in soups or 

stews with meat and vegetables.  Cooked, the tex tu re  o f  the tubers  is 

smooth and the t a s t e  is  pleasant ,  and d i s t i n c t  from the f lavor  and 

tex tu re  of  pota toes .  In markets of  southern Peru they are often 

s l iced  in to  th in  s t r i p s  and sold in p i l e s  soups and sa lads .  Two 

popular  dishes  in both urban and ru ra l  areas of  Peru i s  "o l luqu i to  con 

charqui" (Fig.  24), (Ullucus steamed or sauted with dr ied  meat),  and 

"a j i  de l i z a s " ,  (a dish prepared with hot capsicum peppers and the 

tubers )  (F ries  & Tapia, 1986). In Ecuador tubers  are boiled,  mashed 

and f r i e d  in to  t o r t i l l a  l i k e  p a t t i e s  (Sperl ing 1987). The leaves of  

Ullucus tuberosus are also  reported to  be in f requently  eaten as salad 

greens and in a special  soup dish made a t  Easter  (Sperling,  1987).
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Fig. 24. Ullucus tuberosus eaten as part  of  urban d i e t ,  Bogota, 

Colombia.
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Processing and Storage

The tubers Of Ullucus tuberosus are charac te r ized  by varying le ve ls  

of  mucilage content .  In Peru c e r t a in  v a r i e t i e s  are l i g h t ly  processed 

by bo il ing  the tubers twice,  changing the water a f t e r  the f i r s t  

bo il ing  (Fries &. Tapia, 1984). Ullucus tuberosus i s  also processed 

into a f reeze -d r ied  product known as " l i n g l i "  but i t s  production is  

diminishing (Fries & Tapia, 1984).

The method of  production of  " l i n g l i "  i s  s im i la r  to th a t  employed 

fo r  making f reeze -d r ied  pota toes .  The moisture i s  pressed out of  the 

tubers  by stepping on them. The tubers are then exposed to  sunl ight  

and f reezing  temperatures typical  of  the pos tharves t  season (Sperling,  

1987). The process requires  up to  several  weeks of  a l t e rn a t in g  drying 

and f reez ing .  The f ina l  product is  rehydrated (Fig. 25) and added to 

soups and stews. In t h i s  s t a t e ,  the " l i n g l i "  l a s t s  fo r  several years .

Fresh tubers  are sto red  in cool dark areas of  homes and are 

reported to  remain in good condit ion unti l  the next harvest  and in 

Peru in s ide  cone shaped s t ru c tu re s  made of  barley ,  wheat or  oat  chaf f  

(Fig. 26).

Market Value

Ullucus tuberosus i s  valued in both ru ra l  and urban markets of  

Colombia, Ecuador, Peru and Bolivia.  In Cal i ,  Colombia i t  i s  sold in 

urban supermarkets a t  p r ices  equal to  or  higher then pota toes .  In 

Peru urban consumers consider  i t  a de l icacy and the annual Peruvian 

market
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Fig. 25 Freeze dried Ullucus tuberosus " l i n g l i " .  A, Equal 

amounts of  product a f t e r  rehydrat ing and B, before.  

Ayacucho, Peru.
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Fig. 26. A, Avena sa t iva  used as short  term storage s t ruc tu re  for  

Ullucus tuberosus . B, Ullucus tubers inside storage 

s t ru c tu re .  The same method is  used fo r  Oxalis tuberosa 

and Tropaeolum tuberosum, species normally stored  in 

separa te  s t ru c tu re s .  Chinchero, Peru.

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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demand in 1983 was repor ted as 60,000 tons per year  (Vietmeyer,

1985). In Ecuador, farmers consider  i t  a valuable cash crop and 

produce i t  s p e c i f i c a l l y  for  sa le .  I t  i s  also  exchanged in t rad i t iona l  

markets for  other  f r u i t s  and vegetables (Fig.  27).

Indus t r ia l  Potential  

Ullucus tuberosus i s  now a v a i l ib l e  outside of  the Andean zone. 

Canned tubers  (Fig. 28) are imported to the United Sta tes  by Incas 

Food, Mahwah, New Jersey  and are sold in 7 major c i t i e s  by s to res  th a t  

car ry  Latin American food products.  The p r ice  in Boston, New York and 

Washington var ie s  between $ US 2.00 - 3.00/can.  Because of  i t s  grea t  

d iv e r s i t y  of form and color  i t  is  considered a e s th e t i c a l l y  a t t r a c t i v e  

to a wide range of  people.  There i s  a high po ten t ia l  fo r  c rea t ing  an 

expanded market in North America and Europe as a new food, espec ia l ly  

i f  i t  can be cu l t iv a t e d  in these regions.

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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Fig. 27. Ullucus tuberosus being offered for  ba r te r  or cash in 

t r a d i t i o n a l  market in Chinchero, Peru.

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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Fig. 28 Canned Ullucus tuberosus purchased in hispanic market in 

Washington, D.C. Photograph courtesy of  C. Sperl ing.
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Chapter 6 - Nutr i t ional  Value and V ar iab i l i ty  

Introduction

The n u t r i t io n a l  value of Lepidium mevenii. Qxalis tuberosa,  

Tropaeolum tuberosum and Ullucus tuberosus has sporadica l ly  been 

reported in general t reatments of  these crops.  Bukasov (1930) 

provided l imited  data for  a l l  but Lepidium mevenii. The material he 

analysed was most l i k e ly  from Colombia although the orig in  was not 

ind ica ted .  Proximate anaylsis  ("proximate" i s  n u t r i t io n a l  term fo r  

general ana lys i s ,  see Table X) data from Peru for  a l l  but Lepidium 

mevenii have been published by Cortes (1977; 1984), Lescano Rivero, 

(1984) and Collazos (1975). The data presented by these f i r s t  two 

authors does not ind ica te  the number of  v a r i e t i e s  analyzed or the 

method of  ana lys i s .  The l a s t  c i t a t i o n  is  from the Peruvian Ministry 

of  Health,  and i t  includes data on vitamins and minerals ,  the only 

information on th i s  n u t r i t io n a l  aspect  published to date.  One other  

repor t  by Rea (1984b) discusses the nu t r i t io n a l  value of  one high 

protein  v a r i e ty  of  Tropaeolum tuberosum and i t  i s  described below.

Pr io r  to  t h i s  research (eg. King & Gershoff, 1987) there  have been 

no repo r t s  of the  e s sen t ia l  amino acid qua l i ty  of  the pro te in  of any 

of  the four species s tudied.  Aside from the above mentioned c i t a t i o n s  

no o ther  n u t r i t i o n a l  information i s  ava i lab le .  By con t ra s t  an e n t i r e  

book has recen t ly  been published (Woolfe, 1987) on the nu t r i t io n a l  

q u a l i t i e s  of  Solanum tuberosum.

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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Methods

Data on each of  the four species is  presented separa te ly  on a 

f resh wet weight basis  (FWB) and dry weight basis  (DWB) along with 

c o l lec t ion  loca t ion ,  and number of  r e p l i c a t e s .  All of  the analyses 

reported in t h i s  chapter  were conducted by one commercial labora tory 

(Hazelton Biomedical Laboratories,  Madison, Wisconsin). The methods 

o f  ana lys is  are presented in Appendix I I .  The va r ia t ion  encountered 

in samples from Colombia, Mexico, New Zealand and Peru is fu l l y  

repor ted ,  and the ro le  of these tubers in the d i e t  of  Andean people is 

discussed in the following sec t ion .  Due to the expense involved in 

each ana lys i s ,  l imited  numbers of each species were analysed.

Lepidium mevenii 

Limited data on the proximate n u t r i t io n a l  composition has been 

reported by the I n s t i t u t e  of  Nut r i t ion  in Lima, Peru, as follows: 

protein  15.83%, moisture 13.52% and f a t  1.06 % 100/g ed ib le  port ion 

(FWB) (E. Zuniga, pers .  comm.). Table X presents  the proximate 

composition of two samples of  Lepidium mevenii co l lec ted  on November 

12, 1981 in the v i l l a g e  of  Carahuamayo near the Shore of  Lake Junin,  

in cent ra l  Peru. Table XI presents  the r e s u l t s  of  an e s sen t ia l  amino 

acid analys is  (EAAA) of  two samples of  Lepidium mevenii . The 

e ssen t i a l  amino acids present  are compared to  the FA0/WH0 provisional  

amino acid scoring pa t te rn  (Food and Agricul ture Organization of  the 

United Nations/World Health Organization, 1973). The FAO/WHO scoring 

pa t te rn  provides an est imate of  the mg of  each of  the e ssen t i a l  amino 

acids which would be expected in a gram of pro te in

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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of 100% biological  value.  The score of the most l im i t ing  amino acid 

i s  an est imate of  the to t a l  u t i l i z a t i o n  of  the pro te in  i f  i t  was the 

sole source of  d ie ta ry  pro te in .

The proximate and EAAA were performed on July  17, 1987, more then 

5.5 years  a f t e r  the harves t .  The dr ied  hypocotyls,  s tored  in the 

United Sta tes  a t  room temperature,  -were te s ted  fo r  ed ib i l f cy  by a 

group of  North American volunteers  2.5 years l a t e r  and found to be 

ed ib le  to  p leasan t .  The r e s u l t s  of the proximate ana lysis  in Table X 

show th a t  Lepidium mevenii is of high ca lo r ic  value and contains a 

s ig n i f i c a n t  quan t i ty  of  p ro te in .  The amino acid p r o f i l e  ind ica te s  

t h a t  the l im i t ing  amino acids in the 5.5 year old samples are leucine,  

ly s ine  and tryptophan. The general qua l i ty  of  the o the r  e s sen t i a l  

amino acids of  the tubers was f a i r  to  poor with one very high value 

fo r  methionine and cys t ine in sample 2.

These r e s u l t s  suggest tha t  Lepidium mevenii should be te s ted  fo r  

i t s  n u t r i t i t i o n a l  value in a f resh s t a t e .  The possib le  d e te r io ra t io n  

of  the e s sen t i a l  amino acids may be a fac to r  in the overal l  pro te in  

q ua l i ty  of  the crop a f t e r  long periods of  s torage.  There has been 

very l i t t l e  r e levan t  comparative research on the e f f e c t  of  time on 

change in the amino acid qu a l i ty  in Solanum tuberosum. In most cases 

the e f f e c t s  o f  s torage  have been studied  in fresh Solanum tuberosum 

over per iods of  l e s s  then one year.  There i s  a f lu c tu a t io n  of  some 

e ssen t i a l  amino acid l e v e l s ,  i n t i  a l l y  a decrease followed by an 

increase ,  induced by the metabolic changes assoc ia ted  with sprouting 

(Woolfe, 1987). The same source concluded th a t  the s i t u a t i o n  requires  

f u r th e r  inves t iga t ion  (Woolfe, 1987).

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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Table X

P r o x i m a t e  C o m p o s i t i o n  o f  L e p i d i u m  m e v e n i i

Component (%) 100/g
(FWB) (DWB)

Sample 1 2 1 2

Protein 9.4 9.1 10.3 10.13

Moisture 9.0 10.2 - - - -

Fat 0.9 0.8 0.98 0.89

Ash 4.6 4.4 5.0 4.8

Crude Fiber 6.3 7.7 6.9 8.5

Carbohydrates 69.8 67.8 76.7 75.0

Calories/100 a 325.0 315.0 357.0 351.0

Table XI

Analysis of  Essential  Amino 
Acids in Lepidium mevenii

FA0/WH0 % of
Amino Acid Component Amino Acid Scoring pa t te rn

(mg/g) Scoring Pat te rn
Sample 1 2 1 2

Isoleucine 24.8 24.1 40 62 62

Leucine 39.75 40.5 70 56 57

Lysine 30.8 31.6 55 56 57

Methionine + Cystine 59.1 19.8 35 168 56

Phenylalanine + 
Tyrosine 42.2 39.7 60 70 66

Threonine 28.4 29.2 40 71 73

Tryptophan 4.9 3.8 10 49 38

Valine 34.9 34.2 50 69 68

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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Oxalis tuberosa

Oxalis tubers were co l lec ted  from Mexico, Colombia, Peru and New 

Zealand. The c o l lec t ion  l o c a l i t i e s  in Mexico are presented in Chapter 

7. In Colombia, tubers were co l lec ted  in the southern department of 

Narino on August 22-30, 1984, and July  2-8, 1985. Material was 

co l lec ted  in the f r o n t i e r  regions of  Ip ia les  and Pasto.  In these 

areas market co l l e c t io n s  were made because many of the vendors were 

also  farmers,  and I obtained the source and local name d i r e c t ly  from 

the producer. Tuber specimens preserved in alcohol (#549-552) were 

made and deposited a t  NY. Four samples from Colombia were submitted 

fo r  proximate ana lysi s  and one fo r  EAAA. Two other samples were 

co l lec ted  in the l a rg e s t  wholesale market in Lima, Peru on September 

3, 1984. These two samples were reported by the vender to have 

or ig ina ted  in the province of  La Libertad,  in northern Peru.

Preserved tubers  specimens of  these were also  made (#553-554) and

deposited a t  NY. These two Peruvian samples were submitted for  

proximate analysi s  and one was al so  submitted fo r  EAAA.

The tubers  from New Zealand were purchased in a wholesale market on

March 15, 1987, in Auckland, New Zealand, by Dr. G. Samuels (NYBG).

The company s e l l i n g  two v a r i e t i e s  of  tubers was Turners and Growers 

Ltd. These tubers were reported to  be grown in the Manawata area near 

Palmerston. Tuber specimens of  these were preserved in alcohol 

(#738-739) and deposited a t  NY. A to t a l  of  four samples was submitted 

fo r  proximate and EAAA from New Zealand.

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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The proximate composition data from the Andes, Mexico and New 

Zealand in Tables XII, XIII & XIV, show th a t  the the re is  a high 

degree of  va r ia t ion  among the th ree  regions in the overal l p ro te in ,  

carbohydrate and c a lo r ic  value of  the tubers .  The pro te in  level  (FWB) 

of the maximum Andean Oxalis tuber in tab le  XII i s  6.5 times g rea te r  

than the minimum Andean value for  protein  in Table XIII.  The 

comparison in Table XV of the minimum and maximum values of  Oxalis 

tubers (DWB) from al l  th ree  geographic areas where i t  is c u l t iv a ted  

demonstrates th a t  the highest pro te in  value i s  present  in sample 4 of 

Table XIV from New Zealand.

The mean level  of crude f i b e r  in the Mexican Oxalis tubers was 20% 

(DWB) and fo r  the Andean and New Zealand tu be rs ,  4% and 5.5% 

respec t ive ly .  This level of  va r i a t io n  warrants  fu r th e r  inves t iga t ion  

into the d ie t a ry  value of  t h i s  f i b e r .  The c a l o r i c  value of  the 

Mexican Oxalis tubers was also lower then the Andean and New Zealand 

samples.

The proximate n u t r i t io n a l  data from the th ree  areas of  cu l t iv a t io n  

demonstrate a high v a r i a b i l i t y  within t h i s  spec ie s.  The proximate 

n u t r i t io n a l  data reveals  th a t  of the th ree  areas where Oxalis tubers 

are now c u l t iv a t e d ,  Mexican samples have the lowest (FWB) va lues.  The 

highest  values are from New Zealand, and the g r e a t e s t  va r ia t ion  i s  

presen t  in the Andean region.  The c u l t iv a t io n  of  New Zealand tubers  

should be examined to  determine what environmental fac to rs  have 

cont r ibu ted to  the la rge  range in pro te in  and c a lo r i e  values. Tubers 

from New Zealand, f ree  of  d iseases ,  should be introduced to the Andean 

and Mexican regions fo r  growth t r i a l s .

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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Table XII

Proximate Composition of
Oxalis tuberosa from Colombia and Peru

Component (%) 100/g 

SamDle I
(FWB)

2 3 1
(DWB)

2 3

Protein 0.6 0.8 0.9 3.0 3.2 4.0

Moisture 80.2 75.6 77.8 - - -

Fat 0.1 0.3 0.3 0.5 0.4 1.3

Ash 0.7 0.4 0.4 3.5 1.6 1.8

Crude Fiber 0 .8 0.8 0.8 4.0 3.2 3.6

Carbohydrates 17.6 22.1 19.8 88.8 90.5 89.1

Calories/100 g 73.7 94.3 85.5 372.0 386.4 385.7

Component (%) 100/g

4
(FWB)

5 6 4
(DWB)

5 6

Protein 1.1 1.2 1.3 4.8 5.5 8.4

Moisture 77.4 78.4 84.6 - - -

Fat 0.1 0.4 0.3 0.4 0.9 0.6

Ash 0.5 0.4 0.3 2.2 1.8 1.9

Crude Fiber 0.9 0.9 0.8 3.9 4.1 5.1

Carbohydrates 20.0 18.9 12.9 88.4 87.5 83.7

Calories/100 g 85,3 82.2 57.7 377.4 380.5 374.6

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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Table X II I

Proximate Composition of
Oxalis tuberosa from Mexico

Composition {%) 100/g 

Sanrnle 1
(FWB)

2 3 4
(DWB)

1 2 3 4

Protein 0.2 0.2 0.5 0.6 4.7 4.4 4.0 4.7

Moisture 95.8 95.5 87.8 87.4 - - - -

Fat <0.1 <0.1 0.2 0.1 - - 1.6 1.5

Ash 0.4 0.5 0.6 0.7 9.5 11.1 4.9 5.5

Crude Fiber 0.9 0.8 1.4 0.7 21.4 17.7 1.4 9.5

Carbohydrates 2.7 3.0 9.5 10.0 64.0 66.6 5.3 79.3

Calories/100 g 11.6 12.8 41.8 43.3 276.0 284.0 326.0 343.6

TABLE XIV

Proximate Composition of  
Oxalis tuberosa from New Zealand

Component (%) 100/g 

Sample 1
(FWB)

2 3 4 1 2
(DWB)

3 4
Protein 1.1 1.3 1.3 1.4 8.0 8.1 9.2 9.3

Moisture 86.3 84.0 86.0 85.1 - - - -

Fat 0.7 0.6 0.6 0.6 2.9 3.7 4.2 4.0

Ash 0.7 0 .8 0.9 0.8 5.1 5.0 6.4 5.3

Crude Fiber 0.7 0.7 0.6 0.7 5.1 4.3 4.2 4.6

Carbohydrates 10.8 12.6 10.6 11.4 78.8 78.7 75.7 76.5

Calories/100 g 51.2 61.0 53.0 56.6 373.7 381.2 378.5 379.8

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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Table XV

Nutr i t ional  V a r iab i l i ty  in the Proximate Composition 
o f  Andean, Mexican and New Zealand Oxalis tuberosa*

Component (%) 100/g
Andean 

(DWB) 
Min.* Max.

Mexican
(DWB)

Min. Max.

New Zealand 
(DWB) 

Min. Max.

Protein 3.0 8.4 4.0 4.7 8.0 9.3

Moisture (FWB) 80.2 84.6 87.8 87.4 86.3 85.1

Fat 0.5 0.6 1.6 1.5 2.9 4.0

Ash 3.5 1.9 4.9 5.5 5.1 5.3

Crude Fiber 4.0 5.1 11.4 9.5 4.2 4.6

Carbohydrates 88.8 83.7 75.3 79.3 78.7 76.5

Calories/lOOg 372.0 374.6 326.0 343.6 378.5 379.8

*Andean da ta  from King & Gershoff (1987). Max-Min o f  p ro te in -c a lo r i e s

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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Essential  Amino Acids

Tables XVI and XVII present EAAA of fresh Oxalis tubers from 

Colombia and New Zealand. The same EAAA for Mexican Oxalis tubers was 

conducted but due to laboratory  e r ro r  the r e s u l t s  are not r e l i a b l e .  

Table XVI suggests  th a t  the l im it ing  essen t ia l  amino acid in sample 1 

is va l ine ,  while the l imit ing  amino acids in sample 2 are tryptophan,  

phenyalanine and ty ros ine .  In both of  these samples the le ve ls  of  

lys ine  and threonine exceed 100% of  the FAO/WHO scoring pa t te rn .

Woolfe (1987) has reported th a t  lys ine is  often a l imit ing  amino acid 

in white wheat f lou r  and Orvza (milled r i c e ) ,  which are both p a r t  of  

highland d i e t s .  The l im i t ing  amino acids in the d i e t s  of 34%, 56% and 

9% famili es  of  rural  highland Peru are respec t ive ly  ly s ine ,  the 

sulphur amino acids methionine + cys t ine  and threonine (Ferroni,

1980). The le ve l s  of a l l  of these amino acids was f a i r  to good in the 

Oxalis tubers examined.

The r e s u l t s  of EAAA from Oxalis tubers from New Zealand demonstrate 

t h a t  the l im i t ing  amino acids in samples 1 and 2 are leucine,  ly s ine ,  

methionine + cys t ine  and tryptophan.  The data on tryptophan i s  l i k e ly  

to  be un re l iab le  due to the method of  analys is  by the labora to ry .  The 

Oxalis tubers  from Colombia were also  i n i t i a l l y  repor ted le ss  than 

0.10 in tryptohpan but were re-submitted fo r  a more sens i t ive  

ana lys i s .  The reported tryptophan le ve ls  were much higher,  and the 

leve ls  o f  the o ther  e s sen t ia l  amino acids remained constant  with a low 

degree of  change. The New Zealand Oxalis tubers are,  compared to  the 

Colombian samples, poor in essen t ia l  amino acid qu a l i ty .

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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TABLE XVI

Analysis of  Essential  Amino Acids in 
Oxalis tuberosa from Colombia and Peru

Amino Acid Component

Sample 1
(mg/g)

2

FAO/WHO 
Amino Acid 

Scoring Pattern

% of
scoring pa t te rn  

1 2

Isoleucine 46.00 36.36 40 115 79

Leucine 60.00 53.63 70 85 76

Lysine 57.00 59.08 55 103 108

Methionine + Cystine 34.00 25.45 35 97 72

Phenyalanine + 
Tyrosine

57.00 31.81 60 95 53

Threonine 47.00 45.45 40 117 113

Tryptophan 08.00 05.50 10 80 54

Valine 26.00 48.17 50 52 96

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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TABLE XVII

Analysis of  Essential  Amino Acids 
in Oxalis tuberosa from New Zealand

FAO/WHO % of
Amino Acid Component Amino Acid Scoring pa t te rn

Scoring Pattern
(mg/g)

_______________ Sample 1________ 2_____________________ 1________ 2

Isoleucine 32.84 29.99 40 82 74

Leucine 34.98 36.36 70 49 51

Lysine 19.92 30.90 55 36 56

Methionine + Cystine 22.13 23.63 35 63 67

Phenylalanine + 
Tyrosine 54.97 58.17 60 96 91

Threonine 32.84 42.73 40 82 106

Tryptophan <0.10 <0.10 10 00 00

Valine 43.55 43.63 50 87 87

R e p r o d u c e d  w i t h  p e r m i s s i o n  o f  t h e  c o p y r i g h t  o w n e r .  F u r t h e r  r e p r o d u c t i o n  p r o h i b i t e d  w i t h o u t  p e r m i s s i o n .
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Tropaeo!um tuberosum 

The tubers submitted for proximate and EAAA analy is  presented in Tables 

XVIII & XIX are from Colombia, with the exception of  sample 6, which is 

from Bolivia.  The Colombian samples were co l lec ted  the week of  June 1, 

1984 in f i e l d s  in Vereda Cruzero, the department of  Boyaca and in the 

market in the c i t y  of  Tunja, Colombia. Herbarium specimens (Appendix I) 

and preserved tuber specimens were made (#843-846) and are deposi ted at 

NY. Sample number 6 i s  from I ta la laque ,  Department of  La Paz, Bolivia.

The proximate composition reported in Table XVIII suggests  th a t  the re  

i s  l e s s  p ro te in  v a r ia t io n  (DWB) among these c u l t i v a r s  than was present  in 

the Oxalis tubers .  Single c l a s s i f i c a t i o n  ANOVA shows th a t  the means (DWB) 

fo r  pro te in  le ve ls  are heterogenous (F = 14.8. P<.01 fo r  2,11 degrees of 

freedom) among the tubers of Tropaeolum (12.6) ,  Oxalis (4.82) and Lepidium 

mevenii (10.22).  The mean carbohydrate and c a lo r i c  value (FWB) of 

Tropaeolum is  also  lower than both those values of  Lepidium mevenii and 

Oxalis tubers .  The crude f ib e r  content i s  s im i la r  to  the le ve l s  present  

(DWB) in the Andean Oxalis tubers .

Essential  Amino Acids 

The EAAA presented in Table XIX suggest th a t  the qu a l i ty  of  the 

p ro te in  in samples 1 and 2 is  low; only th ree  of  the amino acids are 74% 

or more of  the FAO/WHO standard.  In sample 3 from Bol iv ia,  the qu a l i ty  is 

higher with the l im i t ing  amino acids being leuc ine,  threonine and 

tryptophan.  Compared to  the EAAA data fo r  Lepidium mevenii and Oxalis 

tubers  Tropaeolum tuber  samples 1 and 2 contain low q u a l i ty  p ro te in .
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Table XVIII

Proximate Composition of
Tropaeolum tuberosum from Colombia & Bolivia*

Component % 100/g

Samples 1
(FWB)

2 3 1
(DWB)

2 3

Protein 1.2 1.3 1.5 15.7 12. 7 6.9

Moisture 92.4 89.8 78.3 - - -

Fat <0.1 0.2 0.1 - 1 . 9 0.4

Ash 0.5 0.5 0.9 6.5 4. 9 4.1

Crude Fiber 0.6 0.8 1.9 7.8 7.8 8.7

Carbohydrates 5.3 7.4 17.3 69.7 72.5 79.7

Calor ies  100/g 26.0 36.6 76.1 342.1 358.8 350.6

Component % 100/g

4
(FWB)

5 6* 4
(DWB)

5 6

Protein 1.6 1.9 - 14.9 13.6 11.8

Moisture 89.3 86.1 - - - -

Fat 0.2 <0.1 - 1.8 - 0.5

Ash 0.2 0.4 - 1.8 2.8 4.7

Crude Fiber 0.8 0.9 - 7.4 6.4 3.9

Carbohydrates 7.9 10.7 - 73.8 76.9 78.9

Calories /100 g 39.8 50.4 - 371.9 362.5 357.0

* Sample 6 d ried  p r io r  to  ana lysis , no (FWB) data a v a i l i b l e .
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TABLE XIX

Analysis of Essential  Amino Acids in 
Tropaeolum tuberosum from Colombia & Bolivia

FAO/WHO & of
Amino Acid Component Amino Acid Scoring Pattern

(mg/g) Scoring Pattern 
________________"Sample 1 2 3*_________________1 2 3

Isoleucine 25.28 37.29 28.08 40 54 80 70

Leucine 35.28 43.29 46.53 70 50 61 66

Lysine 35.28 41.24 39.78 55 64 74 70

Methionine + Cystine 12.93 15.31 27.90 35 36 43 79

Phenylalanin + 
Tyrosine 37.04 14.65 49.41 60 61 24 82

Threonine 22,34 24.68 23.69 40 55 61 59

Tryptophan 05.32 05.32 6.66 10 53 53 66

Valine 25.8 46.64 40.59 50 51 93 81

* Sample i s  are the r e s u l t s  of ana lysis  of  a tuber  produced from 
sexual seed (Rea, 1984b).
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Ullucus tuberosus 

The samples submitted for  proximate and EAAA in Tables XX and XXI 

were co l lec ted  in Northern and Southern Colombia. Three samples were 

co l lec ted  in the market of  Tunja, department of  Boyaca on June 3,

1987. The fourth sample was co l lec ted  in the market in Pasto, 

Colombia, on August 30, 1984.

The data in Table XX suggest t h a t  the pro te in  leve ls  in Ullucus are 

higher (DWB) than tubers of Oxa lis . Tropaeolum and Lepidium mevenii. 

Ullucus tubers are also le ss  var iab le  in pro te in  le ve ls  than the 

Oxalis and Tropaeolum tubers .  The mean c a lo r i e  and carbohydrate 

values (DWB) are lower than those of  Andean Oxalis tubers and only 

s l i g h t l y  higher then those of  Tropaeolum. The mean crude f ib e r  

content (FWB) is  s im i la r  in a l l  of  the Andean tube r samples except 

Lepidium mevenii. which i s  higher.

Essential  Amino Acids 

The EAAA data presented in Table XXI shows th a t  the l imit ing  

essen t i a l  amino acid in sample 1 i s  va l ine which is  75% of the FAO/WHO 

standard.  In sample 2, the l im i t ing  e ssen t i a l  amino acids are 

iso leucine ,  leuc ine ,  threonine and va l ine with the lowest value being 

57% of  the  FAO/WHO standard.  These data suggest th a t  the EAAA of 

Ullucus tubers  i s  comparable to  the EAAA data  of  Andean Oxalis tubers 

and t h a t  they are superior  in pro te in  qu a l i ty  to  Tropaeolum tubers  and 

Lepidium mevenii . The qua l i ty  of the  Ullucus tuber pro te in  i s  f a i r  to  

good.
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Table XX

Proximate Composition of
Ullucus tuberosus from Colombia

Component (%) 100/g 

Sample 1
(FWB)

2 3 4 1
(DWB)

2 3 4

Protein 1.5

OC
M 2.2 2.2 10.8 12.9 15.7 15.4

Moisture 86.2 84.6 86.0 85.8 - - - -

Fat 0.2 0.1 0.2 0.1 1.4 0.6 1.4 0.7

Ash 0.4 0.8 0.6 0.7 2.8 5.1 4.2 4.9

Crude Fiber 0.5 0.9 0.7 0.7 3.6

0
0

U
) 5.0 4.9

Carbohydrates 11.2 11.6 10.3 10.5 72.4 75.3 73.5 73.9

Calories/100 q 52.6 55.3 51.8 51.7 381.1 359.0 370.0 364.0

Table XXI

Analysis of Essential  Amino Acids 
in Ullucus tuberosus from Colombia

FAO/WHO % of
Amino Acid Component Amino Acid scoring pa t te rn

scoring pa t te rn
(mg/g)

_______________ Sample 1________ 2_____________________1________ 2_______

Isoleucine 48.46 34.95 40 121 69

Leucine 57.69 41.76 70 82 58

Lysine 55.38 41.40 55 100 74

Methionine + Cystine 34.00 25.45 35 97 72

Phenyalanine + 
Tyrosine

69.99 49.94 60 116 81

Threonine 30.76 23.60 40 77 57

Tryptophan 10.76 07.71 10 107 77

Valine 37.69 33.59 50 75 67
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Comparative Nutr i t ional  Values With Other Crops

The data in Table XXII present  a nu t r i t iona l  (FWB) comparison of

the four species under study in t h i s  research with other  roo ts ,  tubers 

and gra ins .  Lepidium mevenii is  super ior  in prote in  content to a l l  of 

these crops except Tri ticum aestivum (wheat). The c a lo r ic  value of 

Lepidium mevenii i s  also  super ior  to a l l  of  these crops except 

Tri ticum aestivum and Orvza sa t iva  (milled r i c e ) .  The other  fresh 

tuber crops have much lower protein  and c a lo r i e  values than dr ied  

Lepidium mevenii.

The mean Andean protein  value of  Oxalis tubers  i s  in f e r i o r  in

pro te in  content  to  a l l  of  the o ther  crops presented.  In c a lo r i e  and

carbohydrate values,  Oxalis tubers are s im i la r  to Solanum tuberosum 

(potato)  Oxalis tubers  do show lower values fo r  ash and crude f i b e r  

than Solanum tuberosum.

The mean Andean pro te in  value of  Trooaeolum tubers i s  nearly the 

same as the pro te in  value of Ioomoea ba ta tas  (sweet po ta to ) ,  super ior  

to the pro te in  l e v e ls  in Manihot esculenta (cassava) and in f e r i o r  to 

a l l  of  the o ther  crops presented except Oxalis tube rs .  The c a lo r i c  

and carbohydrate value of  Tropaeolum tubers i s  i n f e r i o r  to  a l l  of  the 

o ther  crops presented .  The values fo r  ash and crude f i b e r  content  are 

i n f e r i o r  to  a l l  the other  crops except tubers of  Oxalis and U l l lu cu s .
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The mean pro te in  value of Ullucus tubers i s  nearly equal to the 

le ve ls  reported fo r  Solanum tuberosum and superior  to the levels  

present  in Ipomoea ba ta tas  and Manihot e scu len ta . The ca lo r ic  and 

carbohydrate value of  Ullucus tubers i s  i n f e r i o r  to a l l  the crops 

except Tropaeolum tu bers .  The ash and crude f i b e r  values for  Ullucus 

are lower than the other  crops with exception of  tubers of  Tropaeolum 

and Ullucus .

The above da ta  are presented to  compare the general proximate 

nu t r i t io n a l  value of  the species under inves t iga t ion  with major world 

food crops.  The information should, however, be examined within the 

l im i t s  of  general food ta b le s .  The values presented fo r  each of  the 

crops from t h i s  research are generated from a l imited  da ta  s e t  and 

within th a t  data a high degree of  v a r i a b i l i t y  has been encountered.

The data on the o ther  food crops does not provide information 

concerning the d iv e r s i t y  of  c u l t i v a r s  known in terms of  n u t r i t io n a l  

value.  The information on the major world food crops does not account 

fo r  the g rea t  d i v e r s i t y  of  processing and preparat ion  methods th a t  

a f f e c t  t h e i r  n u t r i t io n a l  value.  The pro te in  value of  cooked white 

r i c e  drops from 6.8 g. to  2.3 g, c lose  to  the pro te in  value in Ullucus 

tuberosus and the pro te in  value of  Triticum aestivum grain  white bread 

drops from 13.3 to 8 .7 ,  l e s s  than the pro te in  value of  Lepidium 

mevenii (Woolfe, 1987). A d e ta i l e d  examination of  t h i s  top ic  with 

sp ec i f i c  re ference to Solanum tuberosum is  discussed by Woolfe 

(1987). Table XXII and Table XXIII should be examined with the above 

described data co n s t r a in t s  in mind.
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Table XXII

Comparative Proximate Nutr i t iona l  Values fo r  Andean 
Lepidium mevenii. Oxalis tuberosa . Tropaeolum tuberosum 

Ullucus tuberosus" ana Other Major Crops*.
(per 100 g fresh weight ed ib le port ion)

Crude Carbo- Calo-
Protein Moisture Fat Ash Fiber hydrate r i e s

Species (9) (%) (g) (g) (g) (g) (kcal)

Lepidium mevenii* 9.2 9.6 O.a 4.5 7.0 68.7 320.0

Oxalis tuberosa 0.9 79.0 0.2 0.4 0.8 18.5 79.7

Tropaeolum tuberosum 1.5 87.0 0.1 0.5 0.8 9.7 45.7

Ullucus tuberosus 1.9 85.6 0.1 0.6 0.7 10.9 52.5

Solanum tuberosum 
(Potato)

2.1 78.0 0.1 1.0 2.1 18.5 80.0

Ioomoea ba ta tas  
(Sweet potato)

1.4 70.2 0.4 0.8 2.5 27.4 116.0

Manihot escu lenta 
(Cassava)

1.1 62.6 0.3 0.9 5.2 35.2 145.0

Dioscorea soo. 
(Yam)

2.2 72.0 0.2 1.0 4.1 24.2 72.0

Zea mays 
(Corn, mature)

4.1 63.5 1.3 0.8 1.0 30.3 129.0

Orvza sa t iva  
(Rice, mil led)

6.8 12.0 0.5 0.6 2.4 80.2 364.0

Tri t icum s o d . 
(Wheat, hard)

13.3 12.3 2.0 1.7 12.1 70.9 332.0

* The da ta  presented fo r  these four species are mean values from 
Colombia, Peru and Bolivia.
* All values fo r  o ther  crops are from (Woolfe, 1987).
* The material  o f  Lepidium mevenii analyzed was "dry" when submitted.
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Comparative Micronutrient  Content 

Analysis of  the mineral and vitamin content of  the four species 

inves t iga ted  was not undertaken as par t  of  t h i s  s tudy.  The data 

presented in Table XXIII fo r  these  species are from the Peruvian 

Ministry of  Health (Collazos e t  a l . ,  1975). The data on the mineral 

and vitamin content of  other  major crops are from a l l  one source 

(Woolfe, 1987).

Among the O xali s . Tropaeolum and Ullucus tubers (no data for  

Lepidium mevenii) the highest level of  calcium (Ca) i s  present  in 

Oxalis tubers and t h i s  amount is  more then double the amount present  

in Solanum tuberosum. Oxalis tubers also  contain more calcium then 

Zea mays and Orvza sa t i v a  but l e s s  then the remaining major crops.

The a b i l i t y  of  the body to  absorb Ca i s  in pa r t  dependent upon 

adequate intake  of  vitamin D. Research on the d ie t a ry  intake of  Ca 

and vitamin D among highland people of  Peru has indicated  t h a t  Ca 

def ic iency  i s  not a major problem (Ferroni ,  1980). I t  is  r e levan t  to 

note t h a t  10-15% of d ie t a ry  calcium in highland Peru comes from 

tubers ,  (Fer ron i ,  1980).

The leve ls  of  phosphorus (P) in the th ree  species l i s t e d  are 

s im i la r .  The highest  level  is 36 mg in Oxalis tuberosa is  below the 

lowest value of  the o ther  crops l i s t e d  as 41 mg fo r  Manihot e s cu le n ta . 

Solanum tuberosum is  considered a good source of P a t  a level of  50 

mg, and the lowest of  the th ree  species inves t iga ted  Ullucus tuberosus 

i s  c i t e d  as containing 28 mg.
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The le ve ls  of  iron (Fe) in the th ree  species invest igated  are 

within 0.6 mg. of  each other .  The lowest level of  1.0 mg in 

Tropaeolum tubers is  0.2 mg higher than the 0.8 mg f igure  c i ted  for  

Solanum tuberosum. The leve ls  of  i ron in the other  major crops l i s t e d  

a re ,  with the high and low exceptions of  Triticum spp. and Dioscorea 

spp. ,  within 0.6 mg of  the values c i t ed  fo r  Oxali s . Tropaeolum and 

Ullucus tu be rs .  There is  evidence th a t  high d ie ta ry  intake of  

ascorbic acid promotes the absorption of  Fe (Ferroni ,  1980), and the 

ascorbic acid le ve ls  presented below for  these tubers  is  high. The 

incidence of  Fe defic iency  in the Andean region i s  considered low, 

ind ica t ing  th a t  enough Fe is  consumed in the d i e t .

The data in Table XIII show th a t  the level of  thiamin in Tropaeolum 

tubers  i s  the same as Solanum tuberosum. All o f  the crops except Zea 

mays and Tri t icum spp. are within 0.06 mg of each o the r  in thiamin 

con tent .  Solanum tuberosum a t  a value of  0.10 mg is  considered a good 

source of  thiamin (Woolfe, 1987). In the highland region of  Peru, 

Ferroni (1980) ca lcu la ted  th a t  35% of the thiamin in the d i e t  comes 

from roots  and tu be rs .  I t  has al so  been reported t h a t  when overal l  

food intake in highland Peru i s  adequate, thiamin def ic iency  i s  not a 

hea l th problem.

The highest  level o f  r ibo f lav in  content  in Table XXIII i s  fo r  

Oxalis tu be rs ,  with a value of  0.13 mg. Tropaeolum tubers and 

Tri ticum spp. both contain 0.12 mg and Ullucus tubers  a t  a value of  

0.03 mg i s  s im i la r  to  the 0.04 mg level in Solanum tuberosum. The 

other  roo ts  and tubers  on the t a b l e  are s im i la r  to  the r ibo f lav in  

level found in Solanum tuberosum. In highland Peru 38% of the 

r ib o f l av in  in the d i e t  i s  from tubers  (Ferron i ,  1980).
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In Table XXIII the level of  niac in in Oxal is , Tropaeolum and 

Ullucus tubers i s  3 to 7 times lower then the niac in  content in 

Solanum tuberosum. The value of  0.67 mg fo r  Tropaeolum tubers is close 

to the values fo r  Ioomoea b a t a t a s , Manihot escu lenta and Dioscorea 

spp. ,  while the grains have niacin  le ve ls  above the Solanum tuberosum 

le v e l .  In the highland region of  Peru 41% of the n iacin  in the d ie t  

i s  from roots  and tubers  (Ferroni,  1980). Woolfe (1987) has reported 

th a t  in cooked potatoes only 23% of the n iacin  i s  in a form avai lab le  

to the body which suggests  th a t  the level of  ava i lab le  niacin in the 

th ree  tubers inves t iga ted  may be l e s s  than the values in Table XIII.

The ascorbic acid content of  77.5 mg in Tropaeolum tubers i s  twice 

as high as the nearest  value of  36 mg fo r  Manihot e s cu le n ta . Oxalis 

tubers  a t  a level of  38.4 mg contain nearly twice as much ascorbic 

acid as Solanum tuberosum, which contains 20 mg. Solanum tubers  are 

considered high in ascorbic acid and important sources for  ascorbic 

acid in Great Bri tan and A ust ra l i a  (Woolfe, 1987). Ullucus tubers 

with a value 11.5 mg are the lowest of  the th ree  species inves t iga ted  

but they are super io r  to  the level  in Dioscorea spp. and the g ra in s .  

Ascorbic acid in Solanum tubers can be destroyed by a va r ie ty  of 

s torage and processing procedures, but Ferroni (1980) has reported 

th a t  methods u t i l i z e d  by Peruvian Andean people reduces the po ten t ia l  

lo ss  o f  ascorbic acid.  In the mountainous regions of  Peru, 75% of  the 

ascorbic acid in the d i e t  comes from root  and tuber  crops. Ascorbic 

acid def ic iency  has not been considered a n u t r i t io n a l  problem of  the 

Peruvian Andes (Ferroni ,  1980).
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Table XXIII

Comparative Content of Minerals and Vitamins in 
Lepidium mevenii. Oxalis tuberosa . Tropaeolum tuberosum. 

Ullucus tuberosus and other  Major Food Crops 
(per 100 g fresh  weight ed ib le  portion)

Ribo- Ascorbic
Ca P Fe Thiamin f lav in  Niacin acid

Species (mg) (mg) (mg) (mg) (mg) (mg) (mg)

Leoidium mevenii* ND ND ND ND ND ND ND

Oxalis tuberosa 22 36 1.6 0.05 0.13 0.34 38.4

Tropaeolum tuberosum 12 29 1.0 0.10 0.12 0.67 77.5

Ullucus tuberosus 03 28 1.1 0.05 0.03 0.20 11.5

Solanum tuberosum 
(Potato)

09 50 0.8 0.10 0.04 1.5 20.0

Ioomoea ba ta tas  
(Sweet Potato)

33 46 1.1 0.11 0.05 0.7 26.0

Manihot escu lenta 
(Cassava)

38 41 1.0 0.06 0.04 0 . 6 36.0

Dioscorea s o d . 
(Yam)

25 53 0.9 0.10 0.03 0.5 09.0

Zea mays 
(Corn, mature)

05 128 1.1 0.18 0.08 1.9 09.0

Orvza sa t iva  
(Rice,  mil led)

20 115 1.1 0.08 0.04 1.8 00.0

Tri t icum soo. 
(Wheat, hard)

44 359 3.9 0.52 0.12 4.4 00.0

* No da ta  fo r  Lepidium mevenii.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-184-

Role of  the Tubers In Andean Diets and Health

The n u t r i t io n a l  cont r ibut ion  of  Lepidium mevenii. Oxalis tube rosa . 

Tropaeolum tuberosum and Ullucus tuberosus varies from between 

count ries  and regions within these count r ies .  To gain a reasonable 

understanding of  the overal l n u t r i t io n a l  s ta tu s  of  rural  Andean people 

would require  a separate d i s s e r t a t i o n .  There are however several 

f ac to r s  t h a t  should be pointed out regarding the ro le  of  these  tubers 

in the heal th  s t a tu s  of  Andean people.

One useful index of  the pro te in  qua l i ty  of  food i s  the net  d ie ta ry  

pro te in  c a lo r i e s  percentage (NDpCal%). I t  has been estimated th a t  an 

NDpCal% score of  5 or  more supplies s u f f i c i e n t  p ro te in  for  growth i f  

energy requirements are adequate (Ferroni ,  1980). The NDpCal% of 

breas t  milk i s  approximately 8 and Solanum tubers and Tri ticum spp. 

(wheat) have a NDpCal% of 6 (Woolfe, 1987). I t  would seem reasonable 

th a t  Lepidium mevenii. Oxal is . Tropaeolum. and Ullucus tubers would, 

when compared with the proximate n u t r i t io n a l  value of  Solanum tubers ,  

have a NDpCal% of a t  l e a s t  5 or  more.

The c r i t i c a l  d ie t a ry  va riab le  i s  often not pro te in  but energy in 

the form of  c a l o r i e s .  When ca lo r i e  intake i s  d e f i c i e n t ,  a p a r t  of  

d i e t a ry  pro te in  i s  metabolized as energy. Micronutrient  d e f ic ien c ie s  

are  a l so  of ten associated  with d e f i c i e n t  c a lo r i c  intake (Ferroni ,

1980). In 1973 the Ministry of  Agricul ture in Peru conducted a 

combined d ie ta ry  and anthropometric survey of  the n u t r i t io n a l  s ta tu s  

of  ru ra l  Andean communities ca l led  the Encuesta National de Consumo de 

Alimentos (ENCA). The ENCA survey concluded th a t  37% of a l l  highland 

households are "at  r i sk"  fo r  c a lo r i e  malnutr i t ion  and th a t  another 16%
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were below the recommended FAO/WHO minimum leve ls  (Ferroni ,  1980). In 

1983, a United S ta tes  Agency for  In te rna tional  Development (USAID) 

sponsored health survey reported tha t  in the region of  Puno, Peru 70% 

of the population have some degree of  of  ma lnu t r i t ion ,  mostly of  the 

t h i r d  degree (Delgado, e t  a].., 1983).

In the Peruvian Andes i t  has been estimated t h a t  5-10% of the 

cu l t iva ted  land i s  planted with Lepidium mevenii. Oxal is . Tropaeolum 

and Ullucus in any given year (Tapia, 1983). The peak period of 

consumption of  these crops i s ,  as would be expected,  during and j u s t  

a f t e r  the harvest  season for  a to t a l  period of  3 months (Ferroni,  

1980). During t h i s  time roots  and tuber supply from 1200-1600 

ca lo r i e s  per  cap i ta  per day (Ferroni ,  1980). In some areas these 

tubers  are planted on a sca le  s im i la r  to  Solanum tube rs .  Data from 

the  southern Andean community of  Amaru has shown th a t  in one year  2300 

kilograms/per family were produced compared to 2120 ki lograms/per 

family of  Oxali s . Tropaeolum and Ullucus (Mateo & Tapia, 1987).

The above information concerning the n u t r i t io n a l  value of  these 

crops suggests  th a t  these crops are an an important component of  the 

general subs is tence s t ra tegy  of  Andean peoples.  The fac to rs  t h a t  

cause inadequate food intake are many but i t  has been suggested th a t  

an increased land base and more individual  family farm production of  

endemic Andean g ra ins ,  roots  and tubers would l i k e ly  improve the 

health of  highland people (Ferr roni ,  1980). The increased production 

and consumption of  crops under inves t iga t ion  in t h i s  study would 

increase the p r o te in - c a lo r i e  intake of  highland Andean people.
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Chapter 7 - Secondary Compounds, Health and Andean Ethnomedicine

All of  the species invest igated  are known to contain secondary 

compounds and, with the exception of  Oxalis tube rosa . each has been 

used fo r  medicinal purposes. Table XXIV present  the secondary 

compounds repor ted fo r  the four species and a synopsis of  t h e i r  uses. 

Andean people have domesticated several food crops th a t  contain 

varying leve ls  of  secondary compounds, including the glycoalkaloid 

containing pota to ,  Solanum a.ianhuiri Juz.  e t  Buk. There i s  s trong 

evidence th a t  crop domesticat ion has involved ac t ive  manipulation of 

le ve ls  of  secondary metaboli tes  by humans (Rindos, 1980, Johns, 1985; 

Davis & Bye, 1982). The process of  chemical s e lec t ion  in the four 

species discussed here has been examined (Johns, 1986b) and is  not 

repeated here.  New and fundamental data are included to  provide a 

complete repor t  on ex i s t ing  and po ten t ia l  uses of  these food crops.

Lepidium mevenii

Lepidium mevenii shows fe r t i l i t y -e n h a n c in g  e f f e c t s  (Pulgar Vidal, 

1946; Leon, 1964b; Johns; 1981, King, 1987). I t  i s  has been 

e s tab l i shed  t h a t  f e r t i l i t y  ra t e s  of  humans are lower a t  high a l t i t u d e s  

(Clegg, 1978), and Ledn (1964b) c i t e s  the ea r ly  Spanish chronic les  of  

Peru, f requen t ly  r e f e r r in g  to the low reproductive r a t e  of  t h e i r  

c a t t l e ,  chickens,  and sheep a t  high a l t i t u d e s .  Leon al so  repor ts  tha t  

the Spanish were advised by native  Andeans to  feed Lepidium mevenii to 

t h e i r  animals, which they did with pos i t ive  e f f e c t s .
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As par t  of  t h i s  research farmers and vendors in the region of  Lake 

Junin,  were interviewed about the f e r t i l i t y - e n h a n c in g  e f f e c t s  of 

Lepidium mevenii . All s ix of  the people interviewed expressed the 

b e l i e f  t h a t  Lepidium mevenii does increase f e r t i l i t y .  Lepidium 

mevenii i s  sold to  t r e a t  swollen ovaries in Lima, Peru (King, 1986). 

One study (Chacon, 1961) was c i t ed  by Leon (1964b) as supportive 

evidence fo r  the f e r t i l i t y  -enhancing e f f e c t s  of  Lepidium mevenii.

Recent research  has shown th a t  both Lepidium mevenii and Tropaeolum 

tuberosum are charac te r ized  by the aromatic g lucos ino la tes  (mustard 

o i l s )  l i s t e d  in t a b le  XIV (Johns, 1981). The presence of  a lka lo ids  in 

Lepidium mevenii has al so  been noted, but the types of  alkalo ids  have 

not ye t  been id e n t i f i e d  (F. Stermitz,  pers .  comm.) There are several  

medicinal b e l i e f s  associated with Tropaeolum tuberosum, one of  which 

suggests  t h a t  Tropaeolum tubers have an t i -aphrod ias iac  p roper t ie s  for  

males and pos i t ive  f e r t i l i t y  enhancing e f f e c t s  on females (Johns e t  

al.. ,  1982). The main chemical d i f fe rence  between these two species is  

the presence of  benzyl iso thiocyanate  in Lepidium mevenii. The 

cu l tu ra l  and bio logica l  d i s t i n c t i o n s  between these two species have 

been examined within the context  of  chemical ecology and crop 

domesticat ion (Johns, 1981, 1986b, Johns e t a l . . ,  1982) This 

la bora to ry  resarch  suggested th a t  th e re  i s  a bio logical  bas is  fo r  the 

b e l i e f  in Andean ethnomedicine t h a t  p lan ts  containing isothiocyanates 

a f f e c t  the reproduct ive  process.  Further  experimentation on the 

p o t e n t i a l - f e r t i l i t y  enhancing e f f e c t s  of  Lepidium mevenii needs to  be 

conducted.
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Oxalls tuberosa

Oxalic acid (ethanedioc acid)  i s  present  in many plan t  foods and is 

well known from the p lants  in the genera Oxalis (Oxalidaceae), Rumex 

(Polygonaceae), Spinacia (Chenopodiaceae) and Portulaca 

(Por tu lacaceae) . I t  occurs in the ce l l  sap of  p lan ts  as the potassium 

or calcium s a l t  and can also be a product of  the metabolism of  several  

molds (Hodgkinson, 1977). As discussed in chapter  2, Oxalis tuberosa 

i s  frequen t ly  c i t e d  as containing varying leve ls  of  oxal ic  acid.  

Var ie t ies  th a t  are reputed to contain high le ve ls  are considered 

b i t t e r  and are processed to remove the b i t t e r n e s s ,  as described in 

chapter  3. The level  of  oxal ic  acid in Oxalis tubers  has not 

previously been analyzed.  The da ta  in tab le  XXV presen ts  the r e s u l t s  

of  ana lys is  of  v a r i e t i e s  of  Oxalis tuberosa from Bolivia ,  Mexico and 

New Zealand. The samples from Mexico and New Zealand were co l lec ted  

from the same l o c a l i t i e s  as samples analyzed for  t h e i r  n u t r i t io n a l  

value.  The samples from Bolivia were co l lec ted  in the markets of  La 

Paz,on October 24, 1987.

The da ta  in t a b le  XXV show th a t  Oxalis tubers do contain varying 

leve ls  of  oxal ic  acid in the Andes and New Zealand. The maximum level 

of  488 ppm of  Bolivian tube r samples was 40 times higher than the 

minimum level  of  12 ppm. The samples from New Zealand show lower 

v a r ia t io n  with a mean level  twice as high as the Andean mean. The one 

sample analyzed from Mexico contained a low level compared to the mean 

of  the samples from the  Andes and New Zealand.
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The data in Table XXVI compare the level of  oxal ic  acid in Oxalis 

tubers  to  other  food crops.  The maximum values of oxal ic  acid in 

potatoes and maize were 2.5 and 5 times lower than the mean le ve ls  in 

Bolivian and New Zealand Oxalis tubers .  The highest  leve ls  of  oxalic  

acid in the Bolivian and New Zealand Oxalis tubers were 7 times lower 

than the lowest level  found in spinach,  a food high with a high oxalic  

acid.

The r e s u l t s  in ta b les  XXV reveal th a t  Bolivian Oxalis tubers show a 

high degree of  va r ia t ion  of  oxal ic  acid l e v e ls .  Oxalic acid is  

soluble in water (1 gm/7mls Hodgkinson, 1977), which suggests t h a t  the 

making of  f reeze -d r ied  Oxalis tuberosa "caya", which normally involves 

soaking the tu be rs ,  could reduce the level of  oxal ic  acid.  Andean 

people may be able to d i s t ingu ish  tubers with high le ve ls  of  oxal ic  

acid but t h i s  wil l  requ ire  t a s t e  perception t e s t s ,  s im i la r  to  those 

conducted by Johns (1985).

High leve ls  o f  oxal ic  acid can be tox ic  to  humans and l ives tock  and 

have been assoc ia ted  with the formation of  upper u r inary  t r a c t  s tones 

(Hodgkinson, 1977). Oxalic acid has also been shown to i n t e r f e r e  with 

a ss im i la t ion  of  calcium, but i s  considered a n u t r i t i o n a l  fac to r  only 

in d i e t s  high in oxal ic  acid and low in calcium sources. In the 

Andean region calcium intake  i s  not considered d e f i c i e n t .  The highest 

l e ve l s  o f  oxal ic  acid in tubers in the Andes, Mexico and New Zealand 

are f a r  below foods l i k e  spinach th a t  contain high oxalate  l e v e l s .  In 

the Andean region the process of  f reeze -drying tubers may fu r th e r  

reduce the leve ls  of  oxal ic  acid.  The level  of  oxal ic  acid in Oxalis 

tuberosa does vary but the amount i s  un likely  to  represen t  a heal th  

problem unless the d i e t  was composed soley of  Oxalis tube rosa .
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T r o p a e o l u m  t u b e r o s u m

The medicinal uses of Tropaeolum tubers have been recorded by 

numerous researchers  and are summarized in tab le  XXIV. In the market 

of  Pasto,  Colombia, Tropaeolum tubers were encountered only in the 

sect ion where p lan t  medicines were sold.  Vendors ca l led  these tubers 

"majua" and s ta ted  they were used to t r e a t  chest  and kidney ai lments 

(King, pers .  obser .)  A s im i la r  use of  the tubers fo r  these problems 

has been recorded in Colombia by Garcia Barriga (1975), by Soukop 

(1970) in Peru, by Hodge (1946) in Ecuador and by Obli tas  Poblete 

(1969) in Bolivia.

The use of  the tubers by the Incas to diminish sexual appe t i te  of  

t roops during m i l i t a ry  campaigns was recorded by Cobo (1956) and 

Garci laso de l a  Vega (1960). Johns e t  a l .  (1982) have reviewed the 

comments of  modern s c i e n t i s t s  who have c i ted  a continued b e l i e f  in the 

e f f e c t s  on human reproduction associa ted with the consumption of 

Tropaeolum tu be rs .  In central  Peru, men do not ea t  Tropaeolum tubers 

because they bel ieve  they wil l cause impotence and hence reduce t h e i r  

a b i l i t y  to  produce ch ildren  (Vasquez Varela, 1952). In Bolivia the 

tubers  are bel ieved to induce menstruation and in the Cuzco region of  

Peru they are used as emmenagogues (Obli tas  Poblete, 1969; Herrera,  

1940). The d i f f e r e n t  e f f e c t s  suggested for  men and women appear 

con t rad ic to ry  but i t  has been repor ted by Johns e t  a].. (1982) th a t  a 

compound t h a t  a f f e c t s  the es trogenic hormones in females would, in 

genera l ,  have an opposite e f f e c t  on the male hormone androgen.
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Pharmacological s tud ie s  of  the reported uses of  Tropaeolum tubers 

have been conducted by Johns e t  al.. (1982). Research conducted with 

r a t s  supports the b e l i e f s  tha t  t h i s  food can act  as an 

an t i - reproduc t ive  agent . The same study did not v e r i fy  the 

emmenagogic or  f e r t i l i t y -e n h a n c in g  e f f e c t s  associated  with Tropaeolum 

tube rs .  The known bio logical  e f f e c t s  of isothiocyanates  do support 

the d i u r e t i c  and a n t i - b i o t i c  e f f e c t s  a t t r i b u t e d  to Tropaeolum tubers 

(Johns e t  a l .  1982).

In f ieldwork conducted as par t  of t h i s  research the majori ty of 

tuber  v a r i e t i e s  were not considered as medicine but used only as 

food. The medicinal a c t i v i t y  a t t r i b u t e d  to  some v a r i e t i e s  of  

Tropaeolum tubers  i s  a f asc ina t ing  area of  ethnomedicine t h a t  deserves 

fu r th e r  a t t e n t io n .

Ullucus tuberosus 

There are few references  in the l i t e r a t u r e  to Ullucus tuberosus 

being used as medicine. The presence of  saponins (Table XXIV) in 

Ullucus tuberosus has been reported by Hegnauer (1964) and Johns 

(unpublished r e s u l t s ) .  Briicher (1967) has suggested th a t  the 

c u l t iv a ted  Ullucus tuberosus has been se lec ted  fo r  reduced b i t t e r n e s s ,  

a common t a s t e  assoc ia ted  with saponins. The tubers of  the cu l t iva ted  

and wild subspecies have not been termed " b i t t e r "  by informants during 

the course of  t h i s  research .  The level  of saponins present  i s  l i k e ly  

to be low but saponin leve ls  were not measured.
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Pat i no (1963) c i ted  Cobo (1956) as a source fo r  the medicinal use 

of  Ullucus tuberosus to ease c h i ld b i r t h  and t r e a t  traumatic internal  

i n j u r i e s .  Saponins are not known to be employed for  e i th e r  of these 

purposes,  and the medicinal b e l i e f s  associated  with Ullucus tuberosus 

are l i k e ly  r e la ted  to  other  unknown compounds in the tubers .

Both c u l t iv a ted  and wild Ullucus tuberosus both contain mucilage. 

This may account fo r  the l imited medicinal assoc ia t ion  of Ullucus 

tubers  with easing c h i ld b i r t h ,  the mucilage being viewed as an 

in terna l  lu b r i can t .  Such an associa t ion  could well have developed as 

a type of  doct r ine  of  s igna tures .
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Table XXIV

Secondary Compounds and Medicinal 
U t i l i z a t io n  of  the Four Species

Species Compound(s)
Use in Andean 
Ethnomedicine

Leoidium mevenii benzyl & p-methoxybenzl 
iso thiocyanate  
(Johns, 1981)

Increase f e r t i l i t y ,  
reduce swollen ovaries 
(Leon, 1964b; King, 
(1986)

Oxalis tuberosa oxal ic  acid 
(King, unpublished)

No use reported

TroDaeolum tuberosum 
subsp. tuberosum

p-methoxybenzl
isothiocyanate

(Johns & Towers, 1981)

Male an t i -aph rod is iac ,  
female f e r t i l i t y  
increase,  d iu r e t i c ,  
a n t i - b i o t i c ,  t r e a t  
kidney ai lments,  
lung & ches t  problems, 
(Johns e t  a l . , 1982; 
Garcia Barriga,  1975;) 
White, 1975).

TroDaeolum tuberosum 
subsD. s i l v e s t r e

benzyl, 2-propyl & 
2-butyl iosth iocyanates  
(Johns & Towers, 1981)

No use reported

Ullucus tuberosus 
subsD. tuberosus

Saponins 
(Hegnauer, 1964)

F a c i l i t a t e  b i r th ,  
t r e a t  in ternal  
i n j u r i e s .  (Patino,  
1963).

Ullucus tuberosus 
subso. aboriaineus

Saponins 
(Hegnauer, 1964)

No use reported
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Table XXV

Oxalic Acid Content of  Oxalis tuberosa
From Bolivia,  Mexico & New Zealand

Country of  Origin Oxalic acid per  sample (ppm) Mean

Bolivia 12 37 50 261 t0000 170

New Zealand 203 242 316 390 488 495 513 378

Mexico 79 - - - - 79

Table XXVI

Comparative Oxalis Acid Content 
of  Oxalis tuberosa & o the r  Foods

Species
Level of  Oxalic Acid Content 

(mg/100 g f resh mate r ia l)

Oxalis tuberosa 
Bolivia

1.2 - 48.8 (n = 5)

Oxalis tuberosa 
New Zealand

20.3 - 51.3 (n = 7)

Oxalis tuberosa 
Mexico

7.9 (n = 1)

Solanum tuberosum* 
(Potato)

2.3 - 7.1

SDinacia s d . 
(Spinach, boiled)

356.0 - 780.0

Zea mays 
(maize, f resh)

7.1

Tri t icum aestivum 
(bread,  white)

4.9 - 13.8

*This and fol lowing values from Hodgkinson (1977).
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Chapter 8 - Oxalis tuberosa in The 

Transverse Neovolcanic Axis of Mexico

Introduction and Methods 

A survey of  the Mexican Transverse Neovolcanic Axis was undertaken 

in co l labora t ion  with a Helio Bastien,  a Mexican agronomist.  Numerous 

farm s i t e s  were v i s i t e d  and farmers interviewed.  The data in tab le  

XXVI records the l o c a l i t i e s  where voucher specimen and tubers fo r  

n u t r i t io n a l  ana lysi s  were co l lec ted .  Fresh tuber material  was also 

co l lec ted  and sent to the Hazelton Biomedical Laboratories in Madison, 

Wisconsin, fo r  n u t r i t io n a l  ana lys is .  Areas to be surveyed were 

se lec ted  on the basis  of  information provided by regional  f i e l d  

agronomists,  market vendors and the ag r icu l tu ra l  knowledge of  our 

Mexican team. A to t a l  of  16 farms were surveyed in th ree  s t a t e s  of  

Central Mexico: Veracruz, Michoacan and Mexico. Oxalis tuberosa was 

found in c u l t iv a t io n  in fourteen of  these  farms. To discover the 

ex tent  of  tube r d iv e r s i t y  in these areas a color  photograph of  the 

va r ia t ion  of  Andean Oxalis tuberosa was used as a comparative tool for  

di scuss ion .  This technique proved very useful as many informants were 

highly in t e re s t e d  in the  d iv e r s i ty  present  in the Andes.

Oxalis tuberosa in Mexico 

Martinez (1936) does not include Oxalis tuberosa in h is  book on 

useful p lan ts  of  Mexico but he does mention i t  as being an ed ib le  

tuber from Peru, in h is  catalog of  common and s c i e n t i f i c  names of  

Mexican p lan ts  (1937). Bukasov (1930) was f i r s t  to  note the presence 

of Oxalis tuberosa in Mexico and he pointed out the morphological

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-196-

Table XXVII

Herbarium Voucher & Tuber 
Specimen Collect ion Data

Col lec­
t ion  #

Eleva­
t ion  m

Date Locali ty 
D/M

Material
co l lec ted

I n s t i t u t io n
deposited

K-682 2760 8/9/86 Approx. 19*32' North HBV-tubers 
and 97*08' West. fo r  Lab. 
Tembladeras, Veracruz.

NY, MEXU & 
CHAPA.

K-683 2500 10/9/86 Approx. 19*58' North 
and 97*20' West. 
Xometla, Veracruz.

HBV-tubers 
for  lab .

NY, MEXU & 
CHAPA.

K-684 2500 10/9/86 Approx. 19°58' North 
and 97°20' West. 
Xometla, Vercruz.

HBV-tubers 
for  lab .

NY, MEXU & 
CHAPA.

K&B-687 2400 18/9/86 Approx. 19°40' North 
and 1 0 r 4 0 '  West.
San Gregorio, 
Michoacan.

HBV-tubers 
for  la b .

NY, MEXU & 
CHAPA.

K&B-689 2850 21/9/86 Approx. 19*38' North 
and 100*41' West.
La Garnica, 
Michoacan.

HBV-tubers 
for  la b .

NY, MEXU & 
CHAPA.

K-690 3300 25/9/86 Approx. 19*35' North 
and 99*58' West.
Ojo de Aqua, Mexico.

HBV-tubers 
for  lab .

NY, MEXU & 
CHAPA.
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d i s t i n c t i o n s  between the Andean and Mexican Oxalis tuberosa .

Subsequent research on Oxalis tuberosa from Mexico and six Andean 

count ries  has revealed th a t  the d i f fe rences  noted by Bukasov re f le c ted  

more the l imited v a r i a b i l i t y  he observed r a th e r  than regional 

morphological d i s t i n c t i o n s  (Cardenas, 1958). Bukasov provided no data 

on the importance of  Oxalis tuberosa in Mexican a g r i c u l tu r e .  Leon 

(1958) reported Oxalis tuberosa being introduced to Mexico and 

Williams (1978) in c o r re c t ly  id e n t i f i ed  Oxalis tuberosa in Mexico as 

Tropaeolum tuberosum, because of  tuber s im i l a r i t y .  This mistaken 

id e n t i f i c a t i o n  was based on l iv ing  tuber specimens as these two 

species are in d i f f e r e n t  famil ies  and are qu it e  d i s t i n c t .  No fu r th e r  

research on the cu l tu ra l  and ag r ic u l tu ra l  importance of  Oxalis 

tuberosa in Mexico i s  ava i lab le .

Mexican Dis t r ibu t ion  of  Oxalis tuberosa

We encountered Oxalis tuberosa (Fig.  29) throughout the Mexican 

Transverse Neovolcanic Axis between the e leva tions  of  2400-3300 m The 

highest  dens i ty  o f  cu l t iv a t io n  was encountered in the v i c in i t y  of  

Toluca a t  an e levation  of  2500-2800 m, where f i e ld s  of  up to  one h a l f  

hectare were not uncommon.

The f i e l d  research ind ica tes  (Fig.  30) t h a t  t h i s  c u l t iva ted  species 

is  a common minor crop throughout the Tranverse Neovolcanic Axis. We 

found no specimen of t h i s  cu l t igen  in the co l lec t io n s  of  the UNAM 

herbarium (MEXU). This i s  not unusual as most major herbar ia  contain 

very few cu l t iv a t e d  p lan ts  (Prance, 1987). The herbarium a t  the 

Colegio de Postgraduados in Chapingo (CHAPA) did include one specimen, 

co l lec ted  by Efraim Hernandez-X. near  Chapingo.
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Fig. 29. Variat ion of  Oxalis tuberosa co l lec ted  in one f i e l d ,

co lor  red to  pink. Tembladeras, Veracruz, 2700 m (Kina & 

Bastien 6821.
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Fig. 30 Map of study regions where Oxalis tuberosa was 

encountered in the transverse  neovolcanic axis of 

Mexico.
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Botanists  working in the northern and southern highland regions of 

Mexico have not reported seeing Oxalis tuberosa in c u l t iv a t io n  or in 

markets (M. Nee and D. Stevens, pers .  comm.). I t  should be possib le,  

however to c u l t i v a t e  Oxalis tuberosa in areas above 2000 m which have 

enough moisture to support i t s  development. Further inves t iga t ions  in 

other  highland regions needs to be ca r r i ed  out.

Cult ivar  Divers i ty

The c u l t i v a r  d iv e r s i t y  of  Oxal i s  tuberosa in Mexico appears to be 

low, e spec ia l ly  when compared to  the var ia t ion  presen t  in the Andes.

In the present  study we encountered two c u l t iv a r s  based on tuber 

y ie ld ,  t a s t e ,  t e x tu re  and subt le  co lor  d i f fe rences  in the phloem.

In the  v i l l a g e  of  Xometla, Veracruz a t  2500 m farmers recognized 

two types of  tu be rs :  yellow and white.  The co lor  d i f fe rence  was only 

present  in the phloem of the tube r and not in the epidermis, which in 

both v a r i e t i e s  was red.  When these  two v a r i e t i e s  are viewed in cross 

sect ion side by side  i t  is  possible  to note a s l i g h t  co lor  d i f fe rence  

(Fig 31).

The d i s t i n c t i o n  between the c u l t i v a r s  was explained as follows by 

a farmer.  The yellow var ie ty  produces b e t t e r  y ie ld s  than the white 

va r ie ty  and the tubers  are l a rg e r ,  in both length and width. The 

white v a r i e ty  was al so  said to be more "agria" (sour) than the yellow 

and was the re fo re  not as des i rab le  as the l a t t e r .  These two v a r i e t i e s  

repor ted ly  could be d is t inguished  by the farmers on the bas is  of  the 

ae r i a l  port ion  of  the p la n t .  Herbarium vouchers of  the  two v a r i e t i e s  

are not e a s i l y  d is t ingu ishab le  (Kino 683. 684).
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Fig. 31. Two v a r i e t i e s  of  Oxalis tuberosa recognized by farmers 

of  Xometla, Veracruz 2500 m. Cross-sect ional  view of 

yellow var ie ty  top tuber  (King 6831 and bottom four 

tubers  white var ie ty  (King 6841. The co lor  d i s t i n c t i o n  

r e f e r s  to the phloem t i s s u e ,  the epidermis of  both 

v a r i e t i e s  was red.
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There were repor ts  from other informants of  tubers in the above 

mentioned yellow and white co lors .  Two informants in the c i t i e s  of 

Orizaba and Toluca reported th a t  p lan ts  were inf requently  harvested 

with yellow and white tubers ,  intermixed with red tubers ,  al l  as part  

of  one individual  p lan t .  As t h i s  research was conducted two months 

p r io r  to the harvest  season these accounts wil l  requ i re  v e r i f i c a t io n .

A th i r d  informant also mentioned th a t  the red tubers  are a t  times 

placed in the sun fo r  f ive  to seven days and th a t  they then turn  

white.  This i s  according to our informant, to sweeten the tu be rs .  

This p rac t ice  also  has been observed in the Andean region,  where i t  is 

also reported to sweeten the t a s t e  of  the tubers (Cortes,  1977).

In the other  regions of  Mexico, where Oxalis tuberosa is  

c u l t iv a t e d ,  only the one red va r ie ty  was mentioned. While fu r th e r  

f ieldwork i s  needed during the harvest  season, i t  does appear t h a t  

the re  i s  l imited  d iv e r s i t y  of  c u l t i v a r s  of  Oxalis tuberosa  in Mexico, 

espec ia l ly  when compared to  the Andean zone.

Soils  and Vegetation 

The s o i l s  of  the Transverse Neovolcanic Axis have been termed 

andosol and volcanic (Ugent, 1968). The s o i l s  are genera l ly  dark 

brown to  black,  s l i g h t l y  ac id ic ,  and are considered f e r t i l e  (Ugent, 

1968). I t  has been reported t h a t  the pH in potato f i e l d  s o i l s  in the 

region of  the Nevado de Toluca range from 5 .0 -5 .7  (Ugent, 1968).

Ugent al so  reported th a t  the pH in the Pinus and r.bies f o r e s t  s o i l s  

were l e ss  a c id ic ,  ranging from 5 .8 -6 .0 .  The natural  vegetat ion of
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the highland regions where Oxalis tuberosa i s  c u l t iva ted  consis ts  of 

f o re s t  s tands of  Pinus and Abies combined with grassland dominated by 

Festuca, Muhlenberqia. St ipa and A oros t i s .

Ecogeographic Limits of  The Crops

We encountered Oxalis tuberosa under cu l t iv a t io n  between 19° 20' 

and 20° 30'  North and 96°50' and 102*18' West. Our research suggests 

however, t h a t  Oxalis tuberosa i s  l i k e l y  to  be encountered throughout 

the Tranverse Neovolcanic Axis a t  e levat ions  of  2000 m and above. The 

lowest l im i t  fo r  succesful  c u l t iv a t io n  found in th i s  study was 2400 m 

in the v i l l a g e  of  San Gregorio, Michoacan. Researchers a t  the 

I n s t i t u t o  Nacional de Inves t igaciones sobre Recursos Biot icos (INIREB) 

in Ja lapa ,  Veracruz have t r i e d  unsuccessful ly to c u l t i v a t e  Oxalis 

tuberosa as par t  o f  t h e i r  co l lec t ion  of  useful p lan ts  a t  t h e i r  

Francisco J av ie r  Clavije ro  Botanical Garden a t  an elevat ion  of  1300 

m. Plants  grown from tube rs outdoors a t ta ined  a height  of  300 mm, 

then wil ted and died,  primar i ly  due to  the heat .

The upper l im i t  of  cu l t iv a t io n  fo r  Oxalis tuberosa observed was 

3300 m. In the v i l l a g e s  of  Conejo, Veracruz and Raices, Mexico, 

potatoes were the main crop,  but th ree  to nine plants  of  Oxalis 

tuberosa were planted a t  the edge of  several potato f i e l d s .  Local 

farmers to ld  us t h a t  Oxalis tuberosa did not grow or y ie ld  well a t  

t h i s  e leva t ion  and th a t  in v i l l ag es  a t  lower elevations  we would 

encounter many people growing i t .  The temperature a t  these e leva tions  

was more severe,  with f r o s t s  and snow occurring occasional ly .  I t  i s
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l i k e l y  t h a t  t h e  c l o n e s  o f  O x a l  i s  t u b e r o s a .  c u l t i v a t e d  i n  M e x i c o ,  

r e p r e s e n t  a  v a r i e t y  t h a t  a r e  n o t  w e l l  a d a p t e d  t o  f r e e z i n g  

t e m p e r a t u r e s ,  a n d  t h a t  t h e  n o r t h e r n  l a t i t u d e  l e n g t h e n s  t h e  c u l t i v a t i o n  

c y c l e ,  i n c r e a s i n g  t h e  e x p o s u r e  t o  s e a s o n a l  l o w  t e m p e r a t u r e s .

Agricultura l  Cycle of  Oxal i s  Tuberosa 

Oxalis tubers  are planted from February to  March, and harvested 

from October to  December. The maturation time ranges from seven to 

nine months; p lan tings  above elevations  of  3000 m take up to  eleven 

months to  mature. In August, s ix  months a f t e r  p lan ting ,  we 

encountered p lan ts  with numerous stolons t h a t  were in the process of  

forming tubers  (Fig.  32).

In Mexico, Oxalis tuberosa i s  propagated vege ta t ive ly ,  as i t  i s  in 

the Andes, from tubers  se lec ted  from the previous y e a r ' s  harves t .  In 

the region of  Toluca several  small tubers ,  20-40 mm in diameter  are 

placed in each hole 50-100 mm deep. These small tubers are known as 

"el r i p i o " ,  which means the waste or  unusable por t ion .  Seed tubers 

are se lec ted  not fo r  t h e i r  la rge  s ize ,  but because they are l e f t o v e r s ,  

unsui table  fo r  consumption, but j u s t  as useful for  propagation.

Farmers repor ted t h a t  Oxalis tuberosa does not produce f r u i t .

Cul t iva t ion  Systems 

In t h i s  inves t iga t ion  we observed ten d i s t i n c t  va r ia t ions  of 

in te rp lan t in g  Oxalis tuberosa . each u t i l i z i n g  a s p ec i f i c  mixture or  

conf igura t ion o f  crops.  The fu l l  l i s t  presented in Table XXVII
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Fig. 32. Stolons of Oxalis tuberosa forming tubers ,  s ix months 

a f t e r  plan ting .  San Gregorio, Michoacan 2670 m (Kina & 

Bastien 6871.
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Table XXVIII

In te rp lan t ing  Systems of 
Oxalis tuberosa in Mexico

Location Elevation
M

Mode Other Plants

Los Raices,  Mexico 3300 5-10 0. tuberosa 
plan ts  a t  the end of  
each row of potatoes .

Solanum
tuberosum

Oje de Aqua, Mexico 3300 Mostly 0. tuberosa 
with o ther  food p lan ts  
a t  low densi ty .

Pisum sativum. 
Avena sa t iva  
Tri ticum. 
aestivum.

La Garnica, Michoacan 2850 0 . tuberosa in rows 
with cucurb it  vines 
t r a i l i n g  around.

Cucurbita 
f i c i f o l i a

San Gregario,  Michoacan 2400 0 . tuberosa between 
rows of  miaze.

Zea mays

San Gregario, Michoacan 2580 0 . tuberosa in same 
row as maize, spaced 
between corn.

Zea mays

El Conejo, North slopes 2800 
of  Cofre de Perote,
Veracruz

0 . tuberosa d! anted 
in dooryard garden 
with herbs.

Medicinal and 
cu l inary  herbs

Tembladeras, Veracruz 2755 0 . tuberosa mixed i 
low densi ty  dooryard 
garden.

Vicia faba

Tembladeras, Veracruz 2760 high dens i ty  monocrop. none

Xometla, Veracruz 2500 0 . tuberosa olanted 
in same hole as maize.

Zea mays

Xometla, Veracruz 2580 0 . tubersoa mixed 
with ornamental,  maize.

ornamentals 
Zea mays
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describes these va r ia t ions  observed a t  fourteen farm or house garden 

s i t e s .  One of  the most unusual methods involved plan ting  Oxalis 

tubers with maize in the same hole.  The two plants  grow toge ther,  

maize rap id ly  overtopping Oxalis tuberosa (Fig.  31 & 32).  Farmers 

u t i l i z i n g  t h i s  system explained th a t  the maize p la n t  p ro tec ts  Oxalis 

tuberosa from damage due to per iodic hai l  storms. In t h i s  system the 

Oxalis tubers  are harvested before the maize i s  f u l l y  mature. To my 

knowledge Andean tubers  are never planted in t h i s  in t h i s  manner.

Crop spacing var ie s  according to  the method employed, each farmer 

applying hi s  own experience and exper t i s e  to  p lan t ing .  One 7 by 15 m 

plo t  was densely planted ,  with almost ind i s t ingu ishab le  rows. This 

dense p lant ing of  Oxalis tubers cont rasted  sharply with the well 

spaced rows of  potatoes growing in the area .  This densely planted 

s i t e  was, however, the exception among the ten methods observed. The 

average spacing between plants  was 150-400 mm. and the average 

d is tance  between rows was 900-1000 mm. The l a rg e s t  p lo t  we observed 

was one-hal f  hec tare .  Yields reported by a Mexican farmer fo r  a one 

quar te r  hectare  p lo t  varied from 500 to 1000 kg.

Inputs ,  Insec ts ,  and Diseases

None of  the farmers interviewed used f e r t i l i z e r  on t h e i r  p lo t s  of 

Oxalis tube rosa . They did repor t  using manure and f e r t i l i z e r  on t h e i r  

other  crops,  most of  which were grown fo r  t h e i r  cash value.  The low 

market pr ice  of  Oxalis tuberosa was one of  the reasons c i t e d  fo r  not 

applying f e r t i l i z e r .
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Fig. 33 Oxalis tuberosa and Zea mays sown in the same hole; the 

corn i s  pro tec t ing Oxalis tuberosa from hail damage. 

Xometla, Veracruz 2550 m.
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Fig. 34. Field of  Oxalis tuberosa in te rp lan ted  with Zea mays as 

in f igure  33. Xometla, Veracruz.

i
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Insect  predation was not reported to be a problem fo r  Oxal is 

tube rosa . None of  the plants  we examined showed indicat ions  of insect  

a t tack .  No farmers reported using in sec t ic id e  on t h e i r  plants .  

Screening of  the Mexican Oxalis tuberosa for  the presence of  viruses 

found among the Andean v a r i e t i e s  has not yet  been undertaken.

Research on the v i ra l  s t a tu s  of  Mexican Oxalis tuberosa is  important 

in view of experiments by Brunt and co-workers (Brunt e t  al.. ,  1982a, 

1982b; Atkey & Brunt 1982) th a t  ind ica te s  th a t  v i ru s - f r e e  p lan ts  may 

show dramatic y ie ld  increases.

Fasciat ion  of  Oxalis tuberosus stems was common in six of  the 

fourteen s i t e s  inves t iga ted  (Fig. 35) (Kino 6841. We were unable to 

observe tubers of  these p lan ts .  Mexican farmers repor ted th a t  

f a sc ia ted  Oxalis tuberosa plants  produced as well as the  non-fascia ted  

plan ts  and th a t  t h i s  anomaly was not considered de t r imenta l .

U t i l i z a t i o n ,  Market Value and Cultural  Acceptance

In many areas of  i t s  c u l t iv a t io n  in Mexico Oxalis tuberosa was 

regarded to be more l ik e  a " f ru i t "  than a "vegetable".  In the markets 

i t  is  of ten  sold in the f r u i t  sec t ion ,  not in the area where tubers ,  

such as potatoes are sold .  I t  i s  commonly eaten raw with a small 

amount o f  s a l t ,  lemon and powdered c h i l i  pepper (Capsicum). Oxalis 

tuberosa i s  also  used to  make preserves ,  and in some instances i s  

combined with roots  of  Pachvrhizus erosus,  ( jicama, Leguminosae) and 

f r u i t s  such as apples,  peaches or  pears .  A second type of  preserve is  

also prepared using vinegar,  cucumbers and onions. I t  was also 

reported to  be used in a pork stew, f r i e d  in a manner s im i la r  to f r i e d  

pota toes.
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Fig. 35 Stem of f a sc ia ted  Oxalis tube rosa . s ix months a f t e r  

p lan ting .  Numerous plants  observed in th i s  condit ion.  

Tembladeras, Veracruz, 2760.
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In Mexico the tubers are sold in the markets from November to 

February. The pr ice  i s  always le ss  than potatoes by twenty to f i f t y  

percent .  The pr ice  ranged from seventy to one hundred pesos per Kg.

($ US 0.10 to 0.30 $ ) in August, 1986. Several farmers reported th a t  

they planted only a small amount to  ea t  and s e l l  because there was not 

enough demand fo r  i t  a t  the markets. One farmer, near the v i l l ag e  of 

Tanci taro ,  Michoacan reported t h a t  twenty years ago he planted a 

hectare  but t h a t  i t s  populari ty  and cash value has declined since tha t  

t ime.  In the markets of Orizaba and Patzcuaro,  Oxalis tubers are sold 

both ins ide  the market by middle men and outside on the s t r e e t  by the 

producers themselves.

In the market in Toluca several vendors ca r r ied  Oxalis tuberosa 

when i t  was in season.  They claimed th e re  was a la rge  demand fo r  i t  

during the Christmas season. These vendors and some farmers reported 

the tubers to be used in p ina tas  a t  f e s t i v a l s ,  suggesting a possib le 

cu l tu ra l  ro le  of  Oxalis tube rosa .

Comparative Nutr i t ional  Value 

Fresh tuber  material  was submitted fo r  n u t r i t io n a l  analysis  to the 

same independent labora to ry  reported in Chapter 5. Results are 

presented in Table XXVIII and compared with pooled data from c u l t iv a r s  

of  Andean Oxalis tubers  (King & Gershoff , 1987). Table XXVIII 

presents  the  approximate n u t r i t io n a l  composition of  four samples of  

Oxalis tuberosa from th ree  d i s t i n c t  l o c a l i t i e s  in Mexico. The percent  

pro te in  value shows a range
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from 4 - 4.7 %, which is  50 % lower than the maximum value of  8.4 % 

fo r  Andean c u l t i v a r s .  The Mexican Oxalis tuberosa also shows a much 

lower degree of n u t r i t io n a l  va r ia t ion  in pro te in  content compared to 

the pro te in  va r ia t ion  present  in the Andean c u l t i v a r s .

Other apparent d i s t i n c t i o n s  between the Mexican and Andean 

proximate analyses are higher ash content in Mexico and a higher 

percentage of  crude f i b e r .  The crude f i b e r  in Mexican samples had a 

maximum of 21.5 % compared to the Andean maximum of 5.1 %. The 

carbohydrate value of  the Mexican samples i s  also  s l i g h t l y  lower than 

the Andean Oxalis tube rosa .

Origin and Introduction to  Mexico

I t  i s  beleived th a t  Oxalis tuberosa is  a post-Conquest in t roduction 

to Mexico. One Andean tuber s p e c i a l i s t  has s ta ted  t h a t  a red va r ie ty  

was introduced to  Mexico during the colonia l  period but provided no 

support ing da ta  or  references  (Leon, 1958). The Spanish did send 

orders to  t h e i r  ships request ing t h a t  they bring p lan ts  from the Old 

World to  the New world and in the s ix teen th  century miss iona ries  also 

sent  p lan ts  and animals to  the New World (Crosby, 1972). I t  i s  

probable t h a t  numerous p lan t  species were transpor ted  between South 

American por ts  and the Mexican ports  of  Acapulco and Veracruz. Our 

hypothesis ,  based on the combined evidence presented below, is  t h a t  

Oxalis tuberosa was introduced during the post-Conquest period.
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TABLE XXIX

Nutr i t iona l  v a r i a b i l i t y  of 
Andean and Mexican Oxalis tuberosa

Component (7») 100 /g
Andes 

• Min. Max. 1
Mexico 

2 3 4

Protein 3.0 8.4 4.0 4.4 4.7 4.7

Moisture 80.2 84.6 87.8 95.5 95.8 87.4

Fat 0.5 0.6 1.6 <0.1 <0.1 1.5

Ash 1.9 3.5 4.9 11.1 9.5 5.5

Crude f i b e r 4.0 5.1 11.4 17.7 21.4 9.5

Carbohydrates 80.2 84.6 75.3 66.6 64.0 79.3

Calories/100 g 368.7 364.0 326.0 284.0 276.0 343.0

All values are presented on a dry weight bas i s ,  except moisture,  
which presented as fresh  weight bas is .
Andean da ta  from King & Gershoff (1987).
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One of the most important sources for  evaluating the h is to ry  and 

an t iqu i ty  of  Mexican food, medicinal,  and useful p lan ts  i s  the 

b eau t i fu l ly  i l l u s t r a t e d  Florentine Codex (Sahagun, 1979). This 

c l a s s i c  work was produced shor t ly  a f t e r  the a r r iva l  o f  the Europeans 

in Mexico. I t  is  an important reference  for  s tudents  and scholars  of  

Mexican natural  h is to ry .  We found no mention of  any type of  root crop 

s im i la r  to Oxalis tube rosa : the same lack of  data was also noted by 

Dr. Hernandez-X. There i s  also no evidence of  a p la n t  tha t  matches 

Oxalis tuberosa in the De La Cruz - Badiano Aztec Herbal (Gates,

1939), a chronic le  of  Mexican plan t  resources w r i t t en  in 1552.

A second major f ac to r  th a t  poin ts  toward a post-Conquest 

in troduct ion i s  the low d iv e r s i t y  of  c u l t i v a r s  encountered in Mexico. 

In the Andes more then 600 germplasm accessions have been co l lec ted  in 

Peru and Bolivia (Tapia, 1984). There i s  also  a la rge  germplasm 

c o l lec t ion  of  91 germplasm accessions of  Oxalis tuberosa in Ecuador 

(Tola Cevallos e t  al. . ,  1987). A number of  these germplasm co l lec t ions  

are l i k e ly  to  be dupli ca te s  but the re  is  a tremendous documented 

d iv e r s i t y  compared to the Mexican Oxalis tube rosa . The n u t r i t io n a l  

v a r i a b i l i t y  o f  Oxalis tuberosa in Mexico i s  also  l im i ted .  As was 

ind ica ted  above, Andean landraces exh ib i t  a much g r e a t e r  nu t r i t io n a l  

v a r i a b i l i t y  than the Mexican samples.
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A th i rd  f a c to r  suggesting the recent  int roduction of  Oxalis 

tuberosa i s  the number of  d i f f e r e n t  local vernacular  names associated 

with the same va r i e ty .  The following names were used by farmers and 

vendors to iden t i fy  the Mexican p lan ts :  "papa ex t ran je ra" ,  (foreign 

po ta to ) ,  "papa Colorado" (colored or  red po ta to ) ,  "papa zanahoria" 

( ca r ro t  po ta to ) ,  "papa roja" (red pota to ) ,  "papa yuca" (manioc 

potato)  "papa c a s t i l l a n a "  (Spanish po ta to ) ,  and "papa ch i r iv ia "  (not 

t r a n s l a t e d  po ta to ) .  All of  these names were applied to  the red 

va r ie ty  which we encountered and each of  the names r e fe r s  to Oxalis 

tuberosa as a type of  potato.  Only in the v i l l a g e  of  Xometla, 

Veracruz, was a d i s t i n c t i o n  made between a yellow and white type.  By 

co n t ra s t  in Andean Peru, Oxalis tuberosa is  known as "oca" and 

c u l t i v a r s  bear d i s t i n c t  Quechua or  Spanish names used to descr ibe the 

c h a r a c t e r i s t i c s  of  each c u l t i v a r  (Rea & Morales, 1980). I f  Oxalis 

tuberosa had been c u l t iv a ted  in Mexico for  several  cen tu r ie s  before 

the  a r r iv a l  of  the Spanish i t  i s  l i k e ly  tha t  indigenous and/or 

regional  names, not based on the Spanish word "papa" (po ta to ) ,  would 

now s t i l l  be used. We encountered no such names, only those l i s t e d  

above.

One f i n a l ,  important pa r t  o f  t h i s  question involves the l i t e r a t u r e  

on the o r ig in ,  c u l t iv a t io n  and d iv e r s i t y  of  potato c u l t iv a r s  in 

Mexico. Ugent (1968) c i ted  the same Transverse Neovolcanic Axis as 

being the dominant region of  potato cu l t iv a t io n  in the l a t e  1960's.

In t h i s  area he documented 22 d i s t i n c t  potato c u l t i v a r s  and examined 

the quest ion of  the h i s to ry  of  the potato in Mexico.
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Based on taxonomic, l i n g u i s t i c  and h i s to r i c a l  data he concluded 

th a t  there i s  l i t t l e  or  no evidence to support potato cu l t iva t ion  

p r io r  to  the Spanish conquest.  Given th a t  a f a i r l y  large  d iv e rs i ty  of 

potato v a r i e t i e s  i s  presen t  today and th a t  they were introduced a f t e r  

the Spanish entered Mexico, i t  seems unl ikely  t h a t  Oxalis tuberosa 

could have preceded the potato and s t i l l  exh ib i t  such a low degree of 

c u l t i v a r  va r ia t io n .

Germplasm Status  of  Oxalis tuberosa 

There i s  no c o l lec t io n  of  Mexican Oxalis tuberosa germplasm in 

Mexico. Germplasm material  from our f i e l d  research has been sent to 

an i n  v i t r o  t i s s u e  cu l tu re  germplasm c o l lec t ion  of  Andean tubers a t  

the Univers i ty of  San Marcos, in Lima, Peru. Farmers of  Mexico who 

c u l t i v a t e  Oxalis tuberosa are in te re s ted  in rece iv ing germplasm of the 

Andean v a r i e t i e s  fo r  experimentation.  This i n t e r e s t  has also  been 

expressed by the researchers  a t  the Colegio de Postgraduados at  

Chapingo. The request  fo r  Andean Oxalis tuberosa germplasm fo r  

experimentat ion in Mexico has been forwarded to the germplasm banks in 

Peru.

Extensive c o l lec t io n  of  Mexican Oxalis tuberosa during the harvest 

season would perhaps discover,  as ye t  unrecognized, v a r i e t i e s  and/or 

increase  the range in which they are p resen tly  known to  occur. The 

maintenance of  these co l lec t io n s  in Mexico would be the next logical  

s tep towards sys tematica l ly  evaluat ing the d iv e r s i t y  of  Oxalis 

tuberosa from d i s t i n c t  geographic a reas.
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Implicat ions for  In te rna tional  Agriculture

Before we examine the signif icance  of  Oxalis tuberosa in world 

ag r ic u l tu re  i t  is  useful to  mention the cu rrent  ro le  of a b e t t e r  known 

tuber crop of  Andean o r ig in .  The potato i s  now a major world food 

crop under c u l t iv a t io n  in 130 countr ies  with a world production of 

290 mi l l ion  tons annually ( In te rna tional  Potato Center , 1984). This 

production f igu re  ranks potatoes fourth in volume a f t e r  wheat, maize 

and r i c e .  To understand why, up to now, only the potato has become a 

major crop of  world importance while other  n u t r i t i o u s  tuber crops from 

the Andean region have not,  i s  ou tside the scope of  t h i s  th e s i s .  What 

is  important to  take in to  account is  th a t  the potato was unknown 

outside  of  the Andes only 400 years ago.

The f a c t  th a t  Oxalis tuberosa i s  a widespread minor crop in the 

cent ra l  highlands of  Mexico demonstrates th a t  i t  i s  adaptable to 

mountainous environments outside of  the Andes. As was mentioned 

e a r l i e r ,  Oxalis tuberosa has been c u l t iva ted  as a minor crop fo r  the 

pas t  20 years  in New Zealand. Small sca le  growers are also beginning 

to  experiment with i t  on the northwestern coast of  the United Sta tes  

(Vietmeyer, pers .  comm.)

Currently the ag r ic u l tu ra l  research and development p r i o r i t i e s  of  

the In te rna tiona l  Potato Center in Lima, Peru do not include p ro jec ts  

focusing on Oxalis tuberosa or  o ther  Andean tuber  crops.  The 

development of  t h i s  crop wil l continue fo r  the presen t ,  only through 

the i n t e r e s t  and e f f o r t s  of  individual s  and agronomic research 

programs in t e re s t e d  in new crops.
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Conclusion

Oxalis tuberosa i s  a widespread minor crop in the Central Volcanic 

Cord il le ra  of  Mexico. There appears to be very few c u l t i v a r s  present  

in the the region.  Oxalis tuberosa has been in tegra te d  into a number 

of  d i s t i n c t  c u l t iv a t io n  systems and is  e spec ia l ly  well su i ted to 

elevations  between 2400 and 3000 m. I t  i s  u t i l i z e d  in a va r ie ty  of  

dishes and preparat ions  and i s  of  f a i r  to  good n u t r i t io n a l  value but 

amino acid analyses s t i l l  need to  be performed. I t  i s  probable tha t  

Oxalis tuberosa was introduced through Spanish tr ade  networks from 

South America during the past  200 to 300 years .  F inal ly ,  researchers  

are encouraging the cu l t iv a t io n  and u t i l i z a t i o n  of  Oxalis tuberosa in 

o ther  areas of  the world. I f  given research and development p r i o r i t y ,  

t h i s  crop could serve u l t imate ly  to expand the food base th a t  supports 

the global community.
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Chapter 9 - Germplasm Conservation and 

Agricultura l  Research P r i o r i t i e s

Collect ions of  The Divers i ty of  Andean Tuber Crops

There have been several  germplasm c o l lec t in g  expedit ions in 

Ecuador, Peru, and Bolivia .  Germplasm of a l l  four of  the species is 

now being sto red and evaluated in germplasm banks in Ecuador and 

Peru. Table XVI l i s t s  the numbers of  co l lec t io n s  fo r  each species .  

There have been germplasm co l lec t ing  expedi t ions  in Bolivia but these 

co l l e c t io n s  have not survived (M. Holle pers .  comm.). Duplicates of  a 

por t ion  of  these Bolivian co l lec t ions  were sent  to Peru and are being 

maintained.

The Ecuadorian germplasm co l lec t io n  i s  being evaluated a t  the Santa 

Catal ina research s t a t i o n .  The l a rg e s t  number of  germplasm accessions 

is  in Peru. There are a to ta l  of  5 Peruvian germplasm banks th a t  

contain Andean tube r germplasm, located  in Cajamarca, Huancayo, 

Ayacucho, Cuzco and Puno.

Lepidium mevenii i s  the l e a s t  well represented of  the four species,  

with only 4 c o l l e c t io n s  in Ayacucho. Germplasm co l l e c t io n  of  th i s  

species i s  now being conducted J .  Rea (pers .  Comm.). Oxalis tuberosa 

is  the most well represented of  the crops,  with 1205 accessions being 

maintained in 6 germplasm banks in Ecuador and Peru. The next l a rg e s t  

in number of  co l l e c t io n s  i s  Ullucus tuberosus . followed by Tropaeolum 

tuberosum.

In Peru the re  i s  al so  a co l lec t ion  of  Oxalis tube rosa . Tropaeolum 

tuberosum and Ullucus tuberosus a t  the  Universi ty of  San Marcos 

labora to ry  o f  genet ic  resources and biotecnology.  This duplica te
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Table XXX

Germplasm Collect ions of  The Four Species*

Species Ecuador Peru Total

L e D i d i u m  m e v e n i i - 0 4 4

O x a l i s  t u b e r o s a 5 5 1 0 5 0 1 2 0 5

T r o D a e o l u m  t u b e r o s u m 4 3 2 3 3 2 7 6

U l l u c u s  t u b e r o s u s 9 6 2 5 5 3 5 1

*Ecuador da ta  from (INAIP/CIRF, 1985). Peru data from (Tapia & Mateo, 
in p ress ) .
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co l lec t ion  from Peruvian germplasm banks is  preserved in v i t r o . One 

of  the primary aims of  t h i s  research group i s  to el iminate  viruses 

from v a r i e t i e s  of the th ree  species.  The Viral f ree  germplasm would 

then be released  to farmers and the expected increased vigor of the 

p lan ts  would r a i s e  the productiv i ty  of  the crop (Estrada,  in press ) .

The la rge  number of  germplasm accessions of  Oxalis tuberosa . 

Tropaeolum tuberosum and Ullucus tuberosus are l i k l e y  to contain 

tubers  t h a t  are genet ic  dup lica te s  of  o ther  accessions.  Research on 

the biochemical d i f f e r e n t i a t i o n  of  potato c u l t i v a r s  has proved 

successful in e l iminat ing dup lica te  material  in potato germplasm 

c o l l e c t io n s .  Stegemann e t  aT. (1985) u t i l i z e d  polyacrylamide 

e lec t rophores is  to  c l a s s i f y  potato tube r p ro te ins .  Stegemann and 

co-workers showed th a t  80% of the of  the 12,000 germplasm co l lec t ions  

of  Andean pota to c u l t i v a r s  were genet ic  dup l ica te s .  This dramatical ly  

reduced the number of  accessions th a t  needed to be maintained for  

breeding programs. A s im i la r  approach i s  being developed for  

app l ica t ion  to  the la rge  number of  germplasm accessions of Oxalis 

tuberosa (Stegemman e t  al.. 1988). This type of  work is  important 

because i t  reduces the number of  accessions th a t  must be maintained in 

germplasm banks.

There i s ,  however, a high degree i n t r a s p e c i f i c  d iv e r s i ty  within 

Oxalis tube rosa . Tropaeolum tuberosum and Ullucus tuberosa and 

agronomic c h a ra c te r i za t io n  of  these  v a r i e t i e s  i s  being conducted a t  

germplasm banks. Analysis of  the d iv e r s i t y  of  each species i s  task  

th a t  wil l  involve numerous s c i e n t i s t s  and several years .  I f  adequate 

resources are a l loca ted  conservation e f f o r t s ,  crop breeders wil l  have 

a wide degree of  v a r i a t io n  to  grow and improve.
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Andean Tubers and Agr icu ltural  Research P r i o r i t i e s

As mentioned, the In te rna tiona l  Board of Plant  Genetic Resources 

(IBPGR) has supported the co l lec t ion  of  Andean crops,  including Oxalis 

tube rosa . Ullucus tuberosus . Tropaeolum tuberosum and Lepidium 

mevenii . Recently,  however, in 1987 the IBPGR has declared th a t  these 

Andean tuber crops are not a high p r io r ty  for  germplasm c o l lec t ing  at  

t h i s  time (IBPGR pers .  comm.). A S c i e n t i s t  (D. Horton pers. comm.) at  

the In te rna tiona l  Potato Center (CIP) in Lima has also  s ta ted  th a t  

these  endemic tuber  crops are not part  of  t h e i r  research mandate as 

determined by the Consultat ive Group on In te rna tiona l  Agr iculture 

(CGIAR). The reasons t h a t  these important minor food crops of  the 

Andean region are rece iv ing research a t t en t io n  of  the in te rna t iona l  

a g r ic u l tu ra l  research community are r e l a t e d  to the o r ig ins  of  t h i s  

research system.

While the re  has been much c r i t i c i s m  of the po l i c i e s  and 

achievements of  In te rna tiona l  Agricultura l  Research Centers (IARCs) 

and the Green Revolution th a t  these  cen ters  f a c i l i t a t e d  (Chambers, 

1983; Pacey & Payne, 1985; Richards, 1985), the work of  the cen ters  

has d ramatica l ly  increased the p roductiv i ty  of  the major world food 

s t a p l e s .  The i n i t i a l  meetings focusing on ag r ic u l tu ra l  development a t  

Bellagio,  I t a l y  in 1969 included o f f i c i a l s  from the Food and 

Agriculture  Organization of  the United Nations (FAO), UNDP, World 

Bank, the Inter-American Bank, Asian Development Bank, Ford and 

Rockefel ler  Foundations, r ep resen ta t ive s  of  aid organizat ions  from the 

United S ta t e s ,  Canada and Sweden (Baum, 1986).
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This d is t inguished  group met with the in ten tion  of inves t iga t ing  

the ways world food production could be increased through global 

cooperation u t i l i z i n g ,  in pa r t ,  the highly successful  model of 

c rop-spec i f ic  research centers  supported by Ford and Rockefel ler 

Foundations th a t  were developing high y ie ld ing  v a r i e t i e s  of  wheat and 

r i c e .

From 1969 to the present  the emphasis has been on the major crop 

p lan ts ,  on which th a t  the majori ty of  the Earths population depends 

fo r  food. I t  is  not su rpr is ing  th a t  the emphasis of  these IARCs s t i l l  

r e f l e c t s  the p r i o r i t i e s  of  t h e i r  in te rna t iona l  donors, p r i o r i t i e s  th a t  

do not include the d iv e r s i ty  of  the minor crops t h a t  also  con t r ibu te  

to the basic food needs of  mil l ions  of  people.

In the ea r ly  1970's,  the y ie ld s  of  improved v a r i e t i e s  of  maize 

wheat and r i c e  continued to  increase to  a point  where a few developing 

nat ions  such as India,  Mexico and the Phil ippines  became 

s e l f - s u f f i c i e n t  in grain  production (Doyle, 1985). This important 

achievement was, however, dependent in pa r t  on expensive imported 

f e r t i l i z e r s ,  the cos t  of  which was in tu rn dependent upon petroleum 

p r ice s .  When the energy c r i s i s  in 1973 ra ised  the pr ice  of  o i l ,  the 

cos t  of  ni trogen f e r t i l i z e r s  also  increased.  The nat ions th a t  had 

adopted the  Green Revolution a g r i c u l tu re  were forced to pay more in 

order to  keep t h e i r  food production s t a b l e .  The burden of  t h i s  

increased cos t  was heav ies t  upon the small farmer, the person who the 

world leaders  a t  the the f i r s t  Bell agio conference in I t a l y  viewed as 

one of  the important b e n e f i c ia r i e s  of  t h e i r  global plan.
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The e f f e c t s  of improved v a r i e t i e s  on the d iv e r s i t y  of  regional 

c u l t i v a r s  of  minor crops has been the subject  of  many papers on crop 

genet ic  resources (Frankel,  1974; Harlan, 1975; Ochoa, 1975, and 

Oldf ie ld ,  1984). These repor ts  conclude th a t  genet ic  erosion of 

t r a d i t i o n a l  c u l t i v a r s  i s  the r e s u l t  of  the adopting experimental ly 

improved crop c u l t i v a r s .  These t r a d i t i o n a l  crops,  including Andean 

tubers ,  have been se lec ted  over cen tu r ies  fo r  t h e i r  adaptat ion to  

environments t h a t  of ten will  not support la rge  sca le  temperate 

a g r i c u l tu re  or  the improved high y ie ld ing  v a r i e t i e s  developed for  

la rge  sca le  mechanized c u l t iv a t io n .

The goals  of  the in te rna t iona l  ag r ic u l tu ra l  research  community do 

in f ac t  include subs is tence farmers, and recent  work has been aimed at  

t a i l o r i n g  major crops fo r  environmental l im i t a t i o n s ,  such as a r id  

lands,  low f e r t i l i t y  s o i l s  and short  growing seasons (Baum, 1986).

The in ten t  of  t h i s  sect ion is  not to  point  out the problems of  the 

IARCs but r a th e r  to ou t l ine  complementary research p r i o r t i e s  and the 

ac t ions  t h a t  are necessary i f  these p r i o r i t i e s  are to be implemented.

I f  we accept t h a t  a s i g n i f i c a n t  number c f  people in the developing 

world are engaged in subsistence  farming in mountainous environments, 

then i t  i s  reasonable to  suggest th a t  in te rna t iona l  ag r ic u l tu ra l  

research p r i o r i t i e s  should include research aimed a t  improving the 

welfare o f  these people.  One method o f  achieving t h i s  goal without 

c rea t ing  externa l  economic dependence i s  to  work on improving the 

regional  crop v a r i e t i e s  th a t  are already in teg ral  p a r t s  of  the 

ex i s t ing  a g r ic u l tu ra l  complex.
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The an t iqu i ty  of  the crops domesticated in the Andes suggests tha t  

the Andean tuber crops,  among o thers ,  would be exce l len t  candidates 

for  ag r i c u l tu ra l  research aimed a t  improving y ie ld ,  disease 

r e s i s t a n c e ,  s torage c h a r a c t e r i s t i c s  and c u l t iv a t io n  techniques.  In 

order to achieve t h i s  goal ,  crop s c i e n t i s t s  wil l  need to work with as 

wide a d i v e r s i t y  of genet ic  material  as poss ib le .  This p o s s i b i l i t y  

wil l  become increas ingly  d i f f i c u l t  to ca rry out as the d iv e rs i ty  of  

landraces of  minor Andean crops i s  reduced (Plucknett  e t  al.. ,  1987).

Germplasm Conservation 

The germplasm co l l e c t io n s  of  the four Andean tuber  taxa included in 

t h i s  study are subjec t  to a number of  the problems th a t  a f f e c t  most ex 

s i t u  germplasm storage  systems. Ex s i t u  storage  systems have several 

l im i t a t i o n s  th a t  are e spec ia l ly  c r i t i c a l  in the case of  vegetat ively  

propagated crops and r e c a l c i t r a n t  seeds.  A few of the known dangers 

in s ing le  s t r a t eg y  ex s i t u  germplasm conservation are pointed out in 

t h i s  chap ter .  This i s  followed by a descr ip t ion  of  common responses 

the proposal of  j n  s i t u  germplasm conservation and the pos i t ion of  the 

IBPGR on i n  s i t u  conservation.  The reasons fo r  developing i_n s i t u  

conservation systems and the cu rren t  s t a tu s  of  the few th a t  have been 

crea ted i s  then d iscussed .  Recent North-South concerns regarding 

germplasm and farmers r ig h t s  are then discussed in reference  to in  

s i t u  conservation s t r a t e g i e s .  In the  f ina l  sect ion a hypothetical  

system fo r  implementing in s i t u  preservat ion  of  Andean tubers  i s  

ou tl ined  as pa r t  o f  the  applied recomendations of  t h i s  research .
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Limitat ions of  Ex Situ  Germplasm Storage

The conservation of  germplasm in seed banks, often f a r  from the 

source of  or ig in  of  the co l l e c t io n s ,  has become the major method of 

preserving crop gene tic  resources (Wilkes, 1983). This method is  

highly conducive to  the needs of  breeders s ince the material  in these 

banks has been already grown and evaluated.  The d i s t i n c t  

c h a r a c t e r i s t i c s  of  each co l lec t io n  and the seed material  i t s e l f  i s  

usually ea s i l y  obtained fo r  research aimed a t  improving crops.

A number of  the methods u t i l i z e d  fo r  medium and long term storage 

requ ire  t h a t  germplasm be stored a t  low temperatures to extend the 

period of  time between mandatory regenera t ion of  the mate r ia l .  

Select ion fo r  v a r i e t i e s  th a t  respond well to cold storage may not 

correspond with o ther  des i rab le  crop t r a i t s  (Oldfie ld ,  1984). Growing 

out and renewing germplasm material  i s  usua lly  expensive and requi res 

t r a ined  personnel to  assure t h a t  the material  is  properly handled and 

evaluated fo r  acceptable v i a b i l i t y  ra t e s  and plan t  hea l th .  Some 

workers have also noted th a t  unwanted changes can take place when 

plan ts  are grown, out due to  genet ic  d r i f t ,  unintentional  

hybr id iza t ion  and new se lec t ion  pressures  t h a t  were not presen t  in the 

c u l t i v a r s ,  region of  o r ig in  (Plucknett  e t  a].., 1987).

One o f  the o ther  dangers,  also  pointed out by Plucknett and 

co-workers include the po ten t ia l  damage or  complete lo ss  of  

co l l e c t io n s  due to e l e c t r i c a l  f a i l u r e ,  natural  d i s a s t e r  and p o l i t i c a l  

i n s t a b i l i t y .  While many important co l lec t io n s  of  germplasm are 

conserved in a t  l e a s t  two p laces ,  due to  f inanc ia l  c o n t ra in t s  others
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are not .  One f i r e  s t a r t e d  by poor wiring caused a nearly complete 

loss  of  a Braz i l ian  Lima bean co l lec t ion  (Plucknett e t  a].., 1987).

An e n t i r e  co l lec t ion  of  Bolivian germplasm of Oxalis tuberosa . 

Ullucus tuberosus and Tropaeolum tuberosum was also destroyed (M.

Hoi 1e pers .  comm,). A port ion of  t h i s  c o l lec t ion  i s  duplicated in 

Puno, Cuzco and Ayacucho, Peru but much of  i t  must be reco l lec ted  i f  

i t  s t i l l  e x i s t s .  Germplasm maintained in such a r t i f i c i a l  environments 

is  also  removed from the natural  s e lec t ion  pressures  th a t  generated 

i t ,  and th i s  el iminates  the p o s s i b i l i t y  of  genet ic  in te rac t ion  with 

r e l a t e d  wild crop r e l a t i v e s .  F ina l ly ,  as Brush (1986) has pointed 

out ,  crop p la n t  germplasm has been se lec ted  fo r  c u l t u r a l ,  social  and 

economic f ac to rs  as well as for  b io logical  c h a r a c t e r i s t i c s .  This type 

of information i s  d i f f i c u l t  or  impossible to convey on present 

passport  data forms, ye t  i t  often g re a t ly  increases  the value of  the 

germplasm. These types of  problems reveal the need to  develop a 

s e r ie s  of  complementary i n  s i t u  germplasm s i t e s  crea ted in 

co l labora t ion  with the cura to rs  of  ex s i t u  germplasm banks.

In S itu  Germplasm Maintainance

The establ ishment of  in s i t u  germplasm banks is  a t  present a 

th e o re t i c a l  sub jec t .  I t  has been noted th a t  the concept is  important 

to implement (FAO, 1985), but few in te rna t iona l  agencies have been 

w i l l ing  to  provide the support necessary to c rea te  in s i tu  

conservation s i t e s .
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Several other  c r i t i c i sm s  of  in  s i t u  conservation have been analyzed 

by Oldf ield and Alcorn (1987). They discussed the o f t - c i t e d  

socioeconomic problems associated with in  s i t u  conservation.  C r i t i c s  

of  in  s i t u  conservation maintain th a t  i t  i s  cont rad ic tory  for  national 

policy makers to  promote the preservat ion of  t r a d i t i o n a l  c u l t iv a r s  

when there  are usual ly  other  p o l i t i c a l  pressures  to  adopt improved 

crop v a r i e t i e s  and associa ted f e r t i l i z e r s  and inputs .  The preservat ion 

of  crop germplasm as par t  o f  t r a d i t i o n a l  ag r ic u l tu ra l  systems may also 

be viewed as an attempt to keep indigenous groups and small rural  

farmers in a s t a t e  of  ag r icu l tu ra l  suspended animation.  I t  has also  

been suggested t h a t  the necessary f inanc ia l  subs id ies  th a t  would be 

payed to  farmers would be p roh ib i t ive  (Frankel ,  1974).

The IBPGR and In S itu  Conservation 

The pos i t ion  of  the IBPGR on in s i t u  conservation i s  complex, and 

i t  r e f l e c t s  the mandates of  the donor organ izat ions  t h a t  support i t .

To begin with,  the a b i l i t y  of the IBPGR to  focus i t s  resources on the 

question minor crops i s  l im ited .  The IBPGR has s ta ted  th a t :  "with the 

budget running cu r ren t ly  a t  about 4 mi l l ion  d o l l a r s  per year ,  we are 

un like ly  to  be able to  expand to  cover minor s p e c i e s . . .  and, one of  

the paradoxes of  work a t  the regional  level  i s  t h a t  many minor species 

assume g re a t  importance and the board with i t s  small budget and s t a f f  

has to  l i m i t  i t s  support to  such crops" (Williams, 1983). This 

pos i t ion  i s  understandable given the global d r ive  to  c o l l e c t ,  conserve 

and evaluate the major c u l t iva ted  food s t a p l e s .
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In Ju ly  1984 the IBPGR convened a task  force for  two days in 

Washington, D.C., to help develop a policy fo r  the use of ecological 

and geographical data in explorat ion and employment of  in  s i tu  methods 

for  conservation of  germplasm (IBPGR, 1985). The reason for  t h i s  

meeting was based in par t  on the board 's  emphasis on the importance of 

wild r e l a t i v e s  as genet ic  resources.  As a r e s u l t  most of  the 

recommendations of  the t a sk  force r e f l e c te d  i t s  perception of  the 

p r in c ip le s ,  methods, goals  and p r i o r i t i e s  fo r  conserving the gene 

pools of  wild crop r e l a t i v e s  based on s c i e n t i f i c  study using the tools  

of  ecogeographic surveying and in  s i t u  conservation.

One of  the f i r s t  ob jec t ives  fo r  in s i t u  conservation i s  "to 

maintain se l f -pe rpe tua t ing  populations in na tural  ecosystems. For 

crop germplasm, i n  s i t u  methods wil l  the re fo re  be employed la rge ly  for  

wild spec ies . "  Further:  "The in terventions  required  to p ro tec t  the 

survival  o f  landraces in ag r ic u l tu ra l  landscapes would be too 

extensive to  be considered" (IBPGR, 1985). I t  was added, however, 

tha t  model "evolution gardens" might be considered under special 

circumstances.

The conclusions of  the group were af fec ted  to some extent  by the 

composition of  i t s  members, and t h e i r  views did not r e f l e c t  a 

fundamental d i v e r s i t y  of  philosophy from which to approach the i s sue .  

The e f f e c t  of  such lack of  d iv e r s i t y  has been described by Doyle 

(1985): "In many policy-making and s c i e n t i f i c  proceedings in 

Washington and o the r  p laces ,  i t  i s  inc reas ingly  a handful of  

indus t r i a l  and s c i e n t i f i c  r ep resen ta t ive s  cut  from a very s im i la r  

cloth  who se t  and e s t a b l i s h  the tone and content  f o r  much of
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officialdom th a t  eventually influences l e g i s l a t i o n  and government 

act ion .  In the course of  these various s tudies  and s c i e n t i f i c  

proceedings,  consumers, farmers, and environmental in t e r e s t s  are not 

equally represented nor are t h e i r  views usually accorded the same 

weight as s c i e n t i s t s  or  industry rep re sen ta t ive s . "

The statement of  the special  ta sk  force on ecogeographic surveying 

and in s i t u  conservation does r e f l e c t  the l a rg e r  mission of  the IBPGR 

as mandated by the CGIAR. The in s i t u  conservation of  minor crop 

landraces was considered unfeas ib le  and the group offered some 

suggestions concerning the 1im i t i t a t i o n s  of  in  s i t u  conservation.  In 

e f f e c t  a pol icy precedent was s e t  when the IBPGR s ta ted  tha t  i t  i s  not 

f ea s ib le  to  consider  the in  s i t u  conservation of  landraces.  I t  i s  now 

up o ther  organ izat ions and individuals  to c rea te  innovative approaches 

to the chal lenge of  preserving the d iv e r s i t y  of  landraces in  s i t u .

Rationale fo r  In Situ  Conservation of  Crops 

Pr io r  to  d iscuss ing the advantages and benef i t s  of  in  s i tu  

conservation,  i t  i s  important to  note t h a t  such methods should be 

crea ted in co l labora t ion  with ex i s t ing  ex s i t u  germplasm banks and 

th a t  these  should be complementary to one another.

The most powerful reasons fo r  e s tab l i sh ing  systems th a t  conserve 

t r a d i t i o n a l  farming systems involve the ongoing evolutionary 

in te rac t io n  of  humans, crops, wild r e l a t i v e s ,  pes ts  and pathogens 

(Oldf ield & Alcorn, 1987). The continued manipulat ion of  crop p lan ts  

in the natural  environment i s  s im i la r  to  a f i e l d  labora tory where new
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experiments are cons tan t ly  being te s t e d .  The continued maintenance of 

crops th a t  demonstrate r e s i s tan c e  to diseases  and insec ts  are highly 

valuable to regional  farmers and plant  breeders.  Farmers often 

in teg ra te  the production of  l i ves tock  into t h e i r  ag r ic u l tu ra l  systems 

and the value o f  the crops se lec ted  fo r  such systems i s  of ten  s i t e  

sp e c i f i c  (A l t i e r i  & Merrick, 1987).

Many c u l t i v a r s  are well adapted to sp ec i f i c  local ecogeographic 

condi t ions ,  such as v a r i e t i e s  of  Andean tubers t h a t  th r iv e  a t  high 

a l t i t u d e s ,  and these c h a r a c t e r i s t i c s  are important to people th a t  l ive  

in such environments. The cu l tu ra l  p rac t ices  th a t  are assoc ia ted with 

t r a d i t i o n a l  subsis tence farming also  c rea te  d i f f e r e n t i a l  s e lec t ion  

pressures th a t  con t r ibu te  to a cons tant  biological  in t e rac t io n  between 

farmer, crop and environment. The t r a d i t i o n a l  crop exchange network 

of  farmers i s  another mechanism t h a t  f a c i l i t a t e s  a continual flow of 

genet ic  m a te r ia l ,  a flow th a t  i s  reduced i f  material  i s  only preserved 

in ex s i t u  banks.

The importance of  the in t e rac t io n  of  crops, weeds and wild 

r e l a t i v e s  was pointed out by the IBPGR ta sk  force on ecogeographic 

surveying and in s i t u  conservation (IBPGR, 1985). By encouraging the 

maintenance of  c u l t i v a r s  in s i t u , t h i s  important evolutionary 

re l a t io n s h ip  wil l  not be l o s t .  One recent  approach to  the in s i t u  

conservation of  the wild r e l a t i v e s  of  maize has been implemented by 

one of  the CIAGR cen te rs  in Mexico. The In te rna tiona l  Maize and Wheat 

Improvement Center (CIMMYT) has es tab l i shed  an in  s i t u  monitoring 

system of  wild populat ions of  the t e o s in te  and Triosacum species found 

in Mexico and Guatemala. In t h i s  p ro je c t ,  CIMMYT s c i e n t i s t s  wil l  make
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year ly  v i s i t s  to monitor wild populat ions of  the these wild r e l a t iv e s  

of  maize (Wilkes & Taba, 1986). This is  an experimental approach tha t  

wil l  seek to observe the s ta tu s  of  wild r e l a t i v e s  of  a crop of  major 

world importance. This method i s  not cos t ly ,  but i t  i s  not a p ro jec t  

th a t  is  able to  incorpora te regional farmers into a long term 

conservation s t ra t egy .  Projec ts  t h a t  include humans as par t  of  the 

natural  landscape are important i f  both wild r e l a t i v e s  and landraces 

of  minor crops are to  survive.

The goals  of  in te rna t iona l  aid organiza t ions  t h a t  work to promote 

in tegra ted  ru ra l  a g r ic u l tu ra l  development p ro jec ts  can be enhanced by 

including in  s i t u  conservation p ro jec ts  fo r  local  indigenous minor 

crops.  This serves mul t ip le  functions fo r  ag r ic u l tu ra l  communities 

and keeps a sample of  any germplasm co l lec ted  in a s p ec i f i c  area in 

the hands of  in t e re s t e d  farmers.  In s i t u  conservation systems can 

serve as focal point  fo r  the community and act as a teaching to o l ,  so 

th a t  farming p rac t ice s  and associa ted c u l t iv a r s  can be passed on to 

the next genera t ion of  farmers.

Increasing the involvement of  local  farmers al so  serves to  increase  

the awareness of  regional  food producers about the importance of  t h e i r  

ag r i c u l tu ra l  achievements. This awareness can also  be useful for  

farmers as they work with regional  ag r ic u l tu ra l  extension agents who 

are supposed to  promote improved v a r i e t i e s  of  major crop p la n ts .  The 

idea of  communities taking an ac t ive  ro le  in the conservation of  t h e i r  

regional  genet ic  resources i s  being incorporated a t  an in te rna t iona l  

level  in several ways. One of  the  developments in t h i s  area i s  the 

community seed bank k i t ,  which descr ibes  in simple language why and
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how people in ag r ic u l tu ra l  communities should and can preserve t h e i r  

own regional genet ic  resources (Rural Advancement Fund In te rna t iona l ,  

1985). There are several ex i s t ing  i n - s i t u  conservation approaches, 

each working with d i f f e r e n t  s izes  of  area and each with pos i t ive  and 

negative fea tu re s .

Examples of  In s i t u  Conservation Programs

The l a rg e s t  and most comprehensive attempt to  i n i t i a t e  in  s i t u  

conservation e f f o r t s  was th a t  of UNESCO'S Man and the Biosphere 

Programme (MAB), which i n i t i a t e d  an in te rna t iona l  network devoted to 

the conservation of  genet ic  resources within long inhabited human 

landscapes (Oldfield & Alcorn, 1987). The MAB program works a t  

in t eg ra t ing  ru ra l  development with wilderness conservat ion ,  and humans 

are always an in tegra l  component. The i n  s i t u  conservation  of  

c u l t i v a r s  landraces and wild r e l a t i v e s  has been only recen t ly  added to 

the MAB biosphere reserve system, and each geographic area requ ires  a 

d i s t i n c t  approach t a i l o r e d  in par t  to the development needs of  the 

people inhabi t ing  t h a t  area.  A reserve of  the Kuna Indians of  Panama 

is  l i k e l y  to become one of  the MAB biosphere rese rves ,  and i t  will  

serve as an exce l len t  model of in  s i t u  conservation in tegra ted  with 

the development needs of  na t ive people.

In Ecuador a s im i la r  p ro jec t  i s  being developed with the 

Siona-Secoya, a group th a t  has been co l labora t ing  with the nat ional  

government, the U. S. based groups Cultural  Survival and the World 

Wildl ife  Fund. In t h i s  case conservation i s  d i r e c t l y  l inked to 

e s tab l i sh ing  a natural  preserve t h a t  wil l  both meet the fu tu re  needs 

of  t h i s  group and p ro tec t  the natural  environment from unnecessary
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des t ruc t ion .  Both of  these serve as examples of  the integrated 

approaches to in  s i t u  conservation th a t  need to be es tablished  for 

both crop landraces and t h e i r  wild r e l a t i v e s .

The methodological approach of  involving farmers d i r e c t l y  in the 

process of  the preservat ion of  germplasm i s  not new or untested .  In 

the United S ta te s ,  the Native Seeds/Search,  based in Tucson Arizona, 

is  working with nat ive amerindian farmers and encouraging them to grow 

t r a d i t i o n a l  crop c u l t i v a r s .  The organiza t ion also works to involve 

older  farmers,  so th a t  they can pass on the t r a d i t i o n a l  information 

associated  with c u l t iv a t io n  of  these crops (Nabhan, 1985).

Other organizat ions  l i k e  the Seed Savers Network have en l i s ted  

in te re s ted  food producers across the United Sta tes  in a large  informal 

network of  people who are growing and exchanging landraces of 

c u l t iva ted  crops which would might have been otherwise l o s t  due to 

lack of  i n t e r e s t  by most seed companies (Whealy, 1987). These two 

methods of  conserving landraces of  crop germplasm a l l  involve people 

as ac t ive  p a r t i c ip a n t s  and function in a complementary way to 

es tab l i shed  ex s i t u  germplasm banks. Jn s i t u  conservation systems 

th a t  involve people serve another very important func tion,  e spec ia l ly  

in developing na t ions .

In terna tiona l  Germplasm Issues

The cur ren t  in te rna t iona l  debate over the r ig h t s  of  mult i-nat ional  

seed companies and t r a d i t i o n a l  farmers has crea ted both legal and 

e th ica l  c o n f l i c t s  t h a t  have powerful repercussions fo r  indiv iduals  and 

organizat ions  in t e re s t e d  in the conservation of  the  Ear th ' s  crop 

genet ic  resources .
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The 23rd FAO conference,  held in Rome, marked the 40th anniversary 

of  the FAO, and gene tic  resources was one of  the key issues under 

discuss ion .  At the previous FAO conference,  an intense debate over 

germplasm issues led to the passage of  two reso lu t ions  tha t  ca l led  for  

the establishment of  the In te rna tional  Undertaking on Plant Genetic 

Resources and the Commision on Plant  Genetic Divers i ty .  At the 23rd 

FAO conference r ep resen ta t ive s  from 156 count ries  discussed the 

va r iab le  needs and perspect ives of both developed and developing 

coun t ri es .  Numerous concerns were ra ised  regarding the curren t  s ta tu s  

of germplasm c o l lec t in g  a c t i v i t i e s  and d i r e c t io n s  as expressed by the 

IBPGR. Many developing nations ca l led  fo r  a global system of "seed" 

genebanks, which were to  be con t ro l led  by the FAO. These countr ies  

also asked fo r  add it ional  t r a in in g  oppor tun i t ies  fo r  germplasm 

cura to rs  and p lan t  breeders.  The proposed global system ca l led  upon 

the in te rna t iona l  donor community fo r  the necessary f inanc ial  

support.  Many of  the developed countries  opposed th i s  idea, saying 

th a t  the  new fund was unnecessary and un like ly  to  f ind  support (Witt,  

1585). Much of  the concern expressed by developed count ries is  

fueled by the b e l i e f  th a t  in te rna t iona l  seed companies are using 

developing country genet ic  resources as the base fo r  the development 

of  t h e i r  improved v a r i e t i e s ,  which are then sold a t  a p r o f i t  back to 

developing na t ions .  I t  has been agreed,  however, t h a t  one of  the 

major problems in t h i s  issue i s  the lack of  information about ex i s t ing  

gene banks, and about freedom of  access and ownership of  ma te r ia l .

One of  the major concerns of  the developing na tions  involves the 

d i s pos i t ion  of  germplasm m ater ia l .  To da te ,  25% of  a l l  the material
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co l lec ted  has gone to the United S ta te s ,  roughly f ive  times the 

quan t i ty  th a t  has been received by other  developed nat ions .  The 

overal l  balance of  the conservation cente rs  i s  weighted heavily to the 

in d u s t r i a l i z e d  na t ions.  This may be logical  in terms of  s torage 

f a c i l i t i e s  and p o l i t i c a l  s t a b i l i t y ,  but i t  engenders problems when 

developing nations experience d i f f i c u l t i e s  in obtaining germplasm from 

other  coun t r i e s .  There have also  has been examples of  confusion in 

the subsequent r e lease  of unimproved germplasm. The In te rna tiona l  

Genetic Resources Program (IGRP, 1986) has repor ted th a t  both Chile 

and Bolivia had experienced d i f f i c u l t y  in obta ining d isease r e s i s t a n t  

s t r a i n s  of  Phaseolus from IVRO in Holland.

The response to t h i s  type of  problem may inc reas ing ly  r e f l e c t  the 

policy o f  the governments of  Brazi l and Ethiopia .  Ethiopia expressed 

t h e i r  pos i t ion  a t  the 23rd FAO meeting saying "we f a i l  to understand 

why p lan t  gene tic  resources should be any d i f f e r e n t  from other  

resources .  I t  i s  the sovereign r i g h t  of  any country to  use i t s  

genet ic  resources as i t  sees f i t ,  and anybody who wants to acquire 

them should agree upon a mode of  acqu is i t ion  with the p ro p r ie to r . "  I f  

t h i s  a t t i t u d e  becomes widespread i t  could adversely a f f e c t  the work of  

the  CGIAR cen ters  and p lan t  s c i e n t i s t s  around the world. The issues  

ra ised  a t  the 23rd FAO conference ind ica te  the importance of  

e s tab l i sh ing  i n - s i t u  crop germplasm s t r a t e g i e s  th a t  emphasize both in 

s i t u  and ex s i t u  crop germplasm s t r a t e g i e s  t h a t  can serve both local  

and in te rna t iona l  food secu r i ty  concerns.
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During the second session of  the 1987 meeting of  the Commission on 

Plant Genetic Resources a t  the FAO, 61 of  the 84 member s ta t e s  

discussed the r ig h t s  of  both farmers and plant  breeders.  At th i s  

meeting the Commission agreed to  ask the Director  General to es tab l i sh  

an in te rna t iona l . fund  fo r  the conservation and u t i l i z a t i o n  of  plant  

genet ic  resources (RAFI, 1987). The fund would i n i t i a l l y  be 

cont r ibu ted to  by both governmental and non-governmental organizat ions 

on a voluntary bas is .  The idea was also discussed th a t  a more formal 

funding arrangement could be es tab l i shed  t h a t  would involve the  

taxa t ion  of  the in te rna tiona l  seed industry ,  involving the small 

percentage of  the r e t a i l  price of  seed and re la ted  planting mate r ia l .  

One of  the most s i g n i f i c a n t  developments of  the meeting was the 

at tempt to  recognize farmer 's  r ig h t s  as equal to  the r ig h t s  of  plant  

breeders.  The recent  meetings a t  the FAO also  suggested the urgency 

of  c rea t ing  i n  s i t u  regional conservation s t r a t e g i e s  th a t  wil l  serve 

the needs of  farmers who may not a t  t h i s  time be benef i t ing  from the 

e x i s t in g  global programs of  germplasm conservation.  By agreeing to 

support such national  i n  s i t u  conservation systems with an 

in te rna t iona l  genet ic  resources fund, the perceived d i s t r i b u t io n  

imbalance would be, in p a r t ,  addressed.

New models and experiments fo r  c rea t ing  such regional  germplasm 

conservation systems need to  be crea ted  and t e s t e d .  Such models wil l 

be d i f f i c u l t  to  genera te and t e s t  i f  in te rna t iona l  ag r icu l tu ra l  

experts  do not adopt a more innovative a t t i t u d e  to  the challenges of 

conserving the d i v e r s i t y  of  crop p la n t  germplasm.
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A Model For The In Situ  Germplasm Conservation of  Andean Tubers

In order to  bring th i s  discussion of  crop germplasm back into the

focus of  t h i s  research ,  a plan fo r  the experimental in s i tu

conservation of  Andean tubers i s  presented.  The emphasis of  th i s  

model i s  to c rea te  an in s i t u  germplasm conservation system th a t  both

compliments ex i s t ing  ex s i t u  s i t e s  and one th a t  serves both the

consumers of  nat ional  ag r icu l tu ra l  production and the producers.

One of  the c r i t i c a l  p re requ i s i te s  for  i n s t i t u t i n g  local j n  s i t u  

conservation s t r a t e g i e s  involves understanding the evolution of  

nat ional  a g r ic u l tu ra l  programs, e spec ia l ly  those t h a t  have focused on 

the crops t h a t  have been domesticated in the  region.  The s i tu a t io n  of 

the Andean crops is  complex, and each country has i t s  own d i s t i n c t  

crop domesticat ion h i s to ry .  I t  can be said t h a t  the Andean countries 

have, in the pas t  24 years ,  made considerable advances in 

in ves t iga t ing  ind promoting the products of  t h e i r  ag r ic u l tu ra l  

he r i t age .  In the case of t r a d i t i o n a l  Andean crops,  other  than the 

potato and the in te rna t iona l  ag r ic u l tu ra l  research cen ter  devoted to 

i t ,  t h e i r  have been continual  innovative th a t  seek to  maximize the 

food s e l f  su f f ic iency  of  Andean countr ies .

The research conducted to  date on Andean crops has been supported 

by several  in te rna t iona l  donor organiza t ions.  In Peru, one r e s u l t  is  

a widespread network of  Andean crop research cen ters  based in several 

nat ional  u n iv e r s i t i e s  and coordinated by the Programa Nacional de 

Sistemas Andinos de Produccion Agropecuaria (PISA) in Lima (Fr ies  and 

Tapia, 1986). The numbers of  germplasm co l l e c t io n s  and t h e i r  s ta tu s  

has been presented above, and t h i s  data suggest the degree of  nat ional
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involvement and commitment to these crops. The model for crea t ing in 

s i t u  conservation s i t e s  for  Andean tuber germplasm would be in tegra ted  

with t h i s  ag r ic u l tu ra l  research network and the rural  development 

programs operat ing in the d i f f e r e n t  regions of the country.  The range 

of  d iv e r s i t y  of  minor Andean tubers i s  s t i l l  incompletely known, but 

the re  are numerous plan t  s c i e n t i s t s  t h a t  have extensive experience 

working with these  crops.  I t  i s  t h i s  es tab l i shed  system, Andean 

s c i e n t i s t s  and one o ther  c r i t i c a l  group of  exper ts ,  the farmers,  tha t  

form the core of  t h i s  proposed i n  s i t u  conservation s tr a tegy .

The model in par t  i s  very s im i la r  to the working method developed 

by social  s c i e n t i s t s  a t  the In te rna tional  Potato Center, and i t  has 

been ca l led  the farmer-back-to-farmer model (Rhoades, 1982). In the 

case of  in s i t u  conservation fo r  Andean tu be rs ,  the farmers in the 

region of  each national  un ive rs i ty  would be the keys to  es tab l i sh ing  

s i t e s .  C r i t e r i a  fo r  s e lec t ing  sp e c i f i c  ecogeographic regions and 

farmers in them would be determined in par t  through the personal 

knowledge of  the plan t  s c i e n t i s t s  and the range of  d iv e rs i ty  t h a t  has 

been co l lec ted  fo r  the ex s i t u  germplasm banks. A range of a l t i t u d e ,  

moisture and temperature would be sought fo r  a t  l e a s t  four highland 

regions of  Peru. Within each of  these regions,  four farmers would be 

se lec ted  to  c u l t i v a t e  and maintain the d iv e r s i t y  of  th ree  to four of  

these crops.

A c r i t i c a l  aspect  of  the model would involve the se lec t ion  of  the 

individual  farmers,  which should be based on previously observed 

personal i n t e r e s t  in these  crops and t h e i r  r e l i a b i l i t y .  These 

indiv iduals  would work c lose ly  with the crop s c i e n t i s t ,  i n i t i a l l y
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exchanging ideas on the in ten t  and f e a s i b i l i t y  of the p ro jec t .  After

th i s  phase a maintenance plan,  with farmer-orig inated ideas

incorporated,  would be created.  No farmer would be involved unless he 

or she saw a d i r e c t  benef i t  to  t h e i r  household and community.

The individual  farmers would receive a f inancia l  subsidy t h a t  might 

o rd in a r i ly  be obtained through o f f  farm labor,  often pursued outside 

of  the demands of  the year ly  ag r ic u l tu ra l  cycle.  A system of tuber 

exchange would also  be implemented, following idealy the mechanism of 

t r a d i t i o n a l  food crop exchange. The v a r i e t i e s  to be c u l t iva ted  could 

be se lec ted  through a combination of  the following methods: 1) The 

farmer himself would be asked to  name the v a r i e t i e s  of  Ullucus 

tuberosus , Oxalis tuberosa and Tropaeolum tuberosum with which he was

fam i l i a r .  2) A se lec t ion  of  these  would be placed under h is  care for  

one season, with a mid growing season and pos t-harves t  inventory v i s i t  

made by the co l labora t ing  s c i e n t i s t .  3) Landraces fo r  p lan ting  could 

also  be brought from the nearest  germplasm bank, in some cases 

introducing the farmer to  new v a r i e t i e s  or poorly known v a r i e t i e s .  4) 

An addi t iona l  t a c t i c  would be to  s o l i c i t  information from the women of 

the v i l l a g e  about v a r i e t i e s  with which they were fam i l i a r .

The method of  c u l t iv a t io n  would be l e f t  up to the p a r t i c ip a t in g  

farmer, and these  methods would be recorded by the co l labora t ing  

s c i e n t i s t s ,  along with any verbal explanation fo r  plan ting  systems. 

Harvest and subsequent pos t-harves t  s torage  method would be 

documented. Any techniques learned by the co l labora t ing  s c i e n t i s t  

from other  farmers or  fel low s c i e n t i s t s  could be passed on to  the 

p a r t i c ip a t in g  farmers.  The same farmer could p a r t i c i p a t e  fo r  several
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ag r ic u l tu ra l  seasons, and the v a r i e t i e s  could be exchanged with other  

regions as mutually determined between the farmer and the s c i e n t i s t .

In the course of  the experiment, the e n t i r e  community could be 

introduced to  the idea behind crop germplasm conservation and the 

responsib le  farmers ro ta t ed  i f  so des ired .

In the course of  the c u l t i v a t i o n ,  problems th a t  the farmers were 

experiencing with these crops would be recorded,  and would then be 

relayed to the ag r i c u l tu r a l  s c i e n t i s t s  a t  the  regional  u n iv e r s i t i e s  

for  po ten t ia l  research p ro jec t s .  V ar ie t ie s  th a t  exhibited des i r ab le  

c h a r a c t e r i s t i c s ,  such as disease r e s i s t a n c e ,  high y ie ld  or r e s i s tan c e  

to unusual weather condi t ions ,  would also  be noted and th i s  da ta  added 

to the c ro p ' s  passpor t  data.

A f te r  two or th ree  ag r ic u l tu ra l  cycles farmers from several 

d i s t i n c t  ecogeographic areas could be brought toge ther fo r  d iscuss ion 

with the  regional  un ive rs i ty  agronomists to  evalua te the u t i l i t y  of  

the program to  the farmer, his  community and to the u n iv e r s i t i e s  goal 

of  maintaining the d i v e r s i t y  of  the landraces in complimentary i n - s i t u  

and ex -s i t u  systems. The work o f  Peru 's  Universi ty of  San Marcos 

t i s s u e  c u l tu re  labora to ry  could al so  be in tegra ted  with the system.

As y i r a l - f r e e  c u l t i v a r s  were ready fo r  d i s t r i b u t i o n ,  the regional 

agronomist and h is  farmer counterpar t  would receive and eva luate the 

m a te r ia l .  This mechanism could a lso  operate in the reverse:  as the 

farmer noted decreasing y ie ld s  o f  highly des i r ab le  v a r i e t i e s ,  he could 

reques t  t h a t  they be checked for  known v iruses  and then,  i f  detected  

they could be "cleaned" and returned to  him. This p a r t i c u l a r  se rv ice  

is  one t h a t  i s  o f ten  performed by the  IARC's fo r  v a r i e t i e s  of  the 

major crops.
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The cos t  of  the model described above would l i k e ly  be perceived 

i n i t i a l l y  as p roh ib i t ive ,  e spec ia l ly  considering th a t  the re are 

several  othe r  important minor crops in the Andean region th a t  would 

meri t  s im i la r  conservation schemes. Cr i t ic i sm of the high cos t  would 

have to  be c a r e fu l ly  examined before being accepted.  The actual cost 

necessary fo r  each farmer would not be e spec ia l ly  high,  p a r t i c u la r ly  

i f  a por t ion of  the harvested material  were ava i lab le  for  consumption 

by the family.  Even the cos t  of  the agronomists'  time and expenses 

would not be p ro h ib i t iv e  i f  count r ies  such as Peru were e n t i t l e d  to a 

port ion of  the in te rna t iona l  fund recommended to the  Director-General 

of  the FAO. The issue of  cos t ,  viewed on an in te rna tiona l  expenditure 

bas is ,  would in f ac t  be reasonable,  e spec ia l ly  i f  the per diem paid 

for  an in te rna t iona l  expert  from a developed country i s  matched 

agains t  the out lay  fo r  a farmer, an agronomist and t h e i r  minimal 

expenses fo r  one year .  A normal government per  diem fo r  an 

in te rna t iona l  expert  to  s tay in Lima, Peru fo r  consult ing  purposes is  

usually a t  l e a s t  one-hundred d o l l a r s  per day. The cos t  of one expert  

consult an t  fo r  14 days, not including fees ,  would e a s i l y  fund th ree  

s e ts  of  farmers and co l labora t ing  agronomists on a pa r t- t ime bas is  fo r  

one year .  The system would, by d e f in i t i o n ,  be an extension of  

ex i s t in g  research f a c i l i t i e s  and crop mandates. I f  the above f igure  

i s  close  to  the r e a l i t y ,  i t  would appear to  be e a s i l y  as valuable as 

the se rv ices  o f  an exper t  from outs ide  the country and probably over 

the long term a more useful expenditure from the perspect ive o f  the 

country in ques t ion.
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Discussion

In evaluating the above outl ined i n - s i t u  conservation i t  is  

important to remember th a t  i t  i s  an experimental design and th a t  i t  

wil l  surely  requ ire  modificat ions over time.  Neither  the model nor 

the Andean farmers e x i s t  as s t a t i c  components. Farmers have been and 

are always conducting t h e i r  own small scale experiments and change is 

a v i t a l  pa r t  o f  t h e i r  a b i l i t y  to  adapt to  f luc tua t ing  environmental,  

cu l tu ra l  and economic condi t ions ;  the same applies  to  c rea t ing  in 

s i t u  germplasm methods fo r  landraces of  Andean tu be rs .  Regular 

monitoring and system adjustment wil l  be a necessary component of the 

s t ra tegy .

The i n  s i t u  conservation s t ra tegy  described above would address 

several of  the germplasm conservation areas t h a t  are not cu r ren t ly  

addressed by maintenance of  germplasm in ex s i t u  storage banks. This 

system would al low for  the ongoing human se lec t ion  of  minor crop 

p lan ts  and d i r e c t l y  involve farmers in the process.  The method would 

also l i k e ly  improve the in te rna tiona l  communities' concerns about 

s ing le  s t ra t egy  germplasm conservation and the apparent imbalance in 

the loca t ion  of  germplasm storage f a c i l i t i e s  (IGRP, 1985). This issue 

of  access i s  a major concern of  the IBPGR, but i t  i s  important to 

recognize t h a t  the mandate of  the IBPGR mostly r e f l e c t s  the aims of  

the CGIAR and the donor organ izat ions  t h a t  support i t .  Developing 

nat ions  with an extensive d iv e r s i t y  of  landraces of  minor crops have 

p a r t i a l l y  d i s t i n c t  nat ional  p r i o r i t i e s .  Both goals should be 

encouraged by the nat ional  governments and the 

in te rna t iona l  donor community.
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The ult imate fa t e  of the d iv e r s i ty  of landraces of  Oxalis tube rosa . 

Ullucus tuberosus,  Trooaeolum tuberosum, Lepidium mevenii and other 

Andean crops,  wil l l i k e ly  be determined by the outcome of discussions 

now taking place a t  the FAO and in numerous count ries  th a t  are the 

guardians o f  these genet ic  resources.  Because these crops are par t  of  

our global ag r icu l tu ra l  he r i t age ,  i t  is  hoped th a t  the organizat ions 

cu r ren t ly  influencing the crea t ion of  in  s i t u  germplasm conservation 

systems wil l encourage the increased experimentation and adoption of 

germplasm management th a t  involves regional farmers and agronomists of 

many na t ions .  A wide d iv e r s i t y  of  these crops would then be ava i lab le ,  

fo r  u t i l i z a t i o n  in the o ther  mountainous count ries  (Fig. 36) of  the 

world, such as the United S ta tes ,  Kenya, Nepal, Tibet ,  Bhutan, India 

and China.
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Fig. 36 Regions of  the world su i ta b le  fo r  the exchange of 

mountainous-crop genet ic  resources.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 2 5 4 -

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 2 5 5 -

Appendix I

Collect ion Loca li t ie s  of  Herbarium Vouchers (HBV),

Tubers Submitted fo r  Nutr i t iona l  Analysis (TSA)

And Tubers Preserved in Alcohol (TPA).

Mexico Oxalis tuberosa

Coll .  # Date Locali ty Material I n s t i t u t i o n

__________ D/M_________________________________ Collected Deposited

K682 8/6/86 Tembladeras, Veracruz HBV, TSA HBV to  NY,

MEXU, CHAPA

K683 10/6/86 Xometla, Veracruz HBV, TSA " "

K684 10/9/86 Xometla, Veracruz HBV, TSA

K687 18/9/86 San Gregorio, Michoacan HBV, TSA " "

K689 21/9/86 La Garnica, Michoacan HBV, TSA

K690 25/9/86 Ojo de Aqua, Mexico HBV, TSA
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Col ombi a

Oxalis tuberosa (OT), Tropaeolum 

tuberosum (TT) and Ullucus tuberosus (UT)

Coll .  # Date . .Loca l i ty  

_________ D/M______________

Material I n s t i t u t io n  

Collected Deposited

K531 TT 4/6/84 Verada Cruzero, Boyaca HBV HBV NY, MEDL

K532 OT 5/6/84 Verada Cruzero, Boyaca HBV, TSA HBV NY, MEDL

K533 TT 8/6/84 Tunja Market, Boyaca TSA

K534 TT 8/6/84 Tunja Market, Boyaca TSA

K535 TT 8/6/84 Tunja Market, Boyaca TSA

K536 TT 8/6/84 Tunja Market, Boyaca TSA

K537 TT 8/6/84 Tunja Market, Boyaca TSA

K538 UT 8/6/84 Tunja Market, Boyaca TSA

K539 UT 8/6/84 Tunja Market, Boyaca TSA

K540 UT 8/6/84 Tunja Market, Boyaca TSA
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Col ombia Collect ions Cont.

K549 OT 22/8/85 Pasto Market, Nan no TSA, TPA TPA to NY

K550 OT 22/8/85 Pasto Market, Narino TSA, TPA I I  II

K551 OT 22/8/85 Pasto Market, Narino TSA, TPA I I  II

K552 OT 22/8/85 Ip ia le s  Market, Narino TPA I I  I t

K553 OT 22/8/85 Ip ia le s  Market, Narin TPA I I  II

K554a OT 22/8/85 Ip ia le s  Market, Narino TPA I I  II

K555a UT 23/8/85 Ip ia le s  Market, Narino TSA, TPA I I  II

Peru OT. TT. UT and LeDidium mevenii LM.

Coll .  # Date 

D/M

Locali ty Material

Collected

I n s t i t u t i o n

DeDosited

K530 LM 12/11/81 Carahuamayo, Pasco TSA, TPA TPA to  NY

K556 OT 9/3/85 Lima Wholesale Market TSA .
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Peru Collections Continued

K557 UT 9/3/85 Lima Wholesale Market TSA 

K153 OT 4/2/82 Chinchero, Cuzco HBV HBV to F

K154 OT 4/2/82 Chinchero, Cuzco HBV

K155 TT 4/2/82 Chinchero, Cuzco HBV

K156 UT 4/2/82 Chinchero, Cuzco HBV

K157 UT 4/2/82 Chincehro, Cuzco HBV

K158 UT 4/2/82 Chinchero, Cuzco HBV

K211 UT 5/2/82 Chinchero, Cuzco HBV

K231 OT 9/2/82 Chinchero, Cuzco HBV

K232 TT 9/2/82 Chinchero, Cuzco HBV

I I  ( I

II ll

II II

II ll

ll II

II II

ll ll

ll II

K233 UT 9/2/82 Chinchero, Cuzco HBV HBV to  NY, F

K234 UT 9/2/82 Chinchero, Cuzco HBV HBV to  F
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Peru Collections Continued

K235 UT 9/2/82 Chinchero, Cuzco HBV HBV to F

K236 UT 9/2/82 Chinchero, Cuzco HBV II II

K276 TT 12/2/82 Chinchero, Cuzco HBV (1 tt

K277 OT 12/2/82 Chinchero, Cuzco HBV II II

Bolivia Collect ions Oxalis tuberosa

Coll,, # Date Locali ty Material I n s t i t u t i o n

D/M Collected Deposited

K800 OT 28/10/87 La Paz, Market TSA -

K801 OT 28/10/87 La Paz, Market TSA -

K802 OT 28/10/87 La Paz, Market TSA -

K803 OT 28/10/87 La Paz, Market TSA -

K804 OT 28/10./87 La Paz, Market TSA -
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New Zealand Collections Oxalis tuberosa

Coll .  # Date Locali ty Material I n s t i t u t io n

__________ D/M__________________________________ Collected Deposited

K738a OT 15/3/87 Auckland Wholesale Market TSA ■

K738b OT 15/3/87 Auckland Wholesale Market TSA -

K739a OT 15/3/87 Auckland Wholesale Market TSA -

K739b OT 15/3/87 Auckland Wholesale Market TSA -

K740 OT 15/3/87 Auckland Wholesale Market TSA -

K741 OT 15/3/87 Auckland Wholesale Market TSA' -
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Appendix II

Methods Used By Hazelton Biochemical Laboratories 

for  Biochemical Analysis of  Tubers.

Promixate Analysis Methods

Protein (N x 6.25)

O ff ic ia l  Methods of  Analysis (1984) 14th ed i t ion ,  methods 2.057, AOAC, 

Arlington Virgin ia .

Moistrure,  100 degree vac oven

O ff ic ia l  Methods of  Analysis (1984) 14th e d i t ion ,  methods 15.259,

AOAC, Arlington Virgina.

Fat

O ff ic ia l  Methods of  Analysis (1984) 14th ed i t ion ,  methods 7.063, AOAC, 

Arl ington,  Virgina.

Ash

O ff ic ia l  Methods of  Analysis (1984) 14th ed i t ion ,  method 14.006,

AOAC.,

Arlington,  Virg in ia .

Crude Fiber

O ff ic ia l  Methods of  Analysis (1980) 13th ed i t ion ,  method 7.061-7.065,  

AOAC, Washington, D. C.
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Appendix II cont .

Carbohydrates

Composition of  Foods, Agriculture Handbook #8 Page 164, United States 

Department of  Agricul tu re .

Calories

Composition of  Foods, Agr iculture Handbook #8 Pages 159-160, United 

S ta tes  Department of  Agriculture.

Amino Acid Analysis

Amino Acid P ro f i le

Analytical Chemistry, Volume 30, Pages 1190-1206 (1958).

Performic Acid Hydrolysis

Journal of  Biological Chemistry; Page 238, (1963).

O ff ic ia l  Methods of  Analysis 1st supplement, 14th e d i t ion  (1985) 

method 43.A08-43.A13, VA.

Oxalic Acid

O ff ic ia l  Methods of  Analysis  (1984) 14th Edit ion,  methods 

32.044-32.047, 32.049, AOAC, Arlington VA.
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