


This book contains a study of
65 crops, mostly of American
origin, which for social,
agronomic or biological reasons
have lost their importance over
the last 500 years. Some of them
have been marginalized with
respect to their original
function or their potential uses;
others have practically been
forgotten.

They are plant species which,
at other times or under other
conditions, played a
fundamental role in the
agriculture and food supply of
indigenous peoples and local
communities. Their neglect was
in many cases the result of
the deliberate suppression of
self-sufficient ways of life
which characterized traditional
cultures.

This work, coordinated by Dr
J.E. Herndndez Bermejo (Spain)
and Dr J. Le6n (Costa Rica),
includes the contributions of 31
authors from nine countries. Its
preparation was promoted by
the Food and Agriculture
Organization of the United
Nations in collaboration with
the Botanical Garden of
Coérdoba (Spain) as a
contribution to the
Etnobotéanica 92 Programme.

The book comprises an
introductory section, which
deals with America’s plant
genetic resources and the
processes that caused the
marginalization of certain
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Foreword

Throughout history, human beings have used thousands of plant species for
food, many of which have also been domesticated. Today only 150 plant
species are cultivated, 12 of which provide approximately 75 percent of our
food and four of which produce over half of the food we eat. This involution
has increased the vulnerability of agriculture and impoverished the human
diet. As a result, many local crops that have traditionally been important
for feeding the poorest sectors of society are nowadays underutilized or
neglected.

There can be no doubt that the use, domestication and cultivation of the
most widespread plant species have to a great extent been brought about
accidentally and are conditioned by the social, economic and political values
of the dominant cultures. It is highly likely that, had the process been
carefully planned and the species selected on the basis of the scientific data
available to us today, the result would have been different. At present, new
biotechnologies constitute a powerful means of halting the involution
process and, consequently, of accelerating the domestication of other
promising plants as well as the genetic improvement of those that have been
neglected. However, the economic and political interest necessary to pro-
mote research that would benefit the poorest social strata with the least
purchasing power may be lacking.

The discovery of America, which brought into contact two different
worlds with their own history, cultures and traditions, at the same time
formed a bridge between two ecological macrocosms. When the settlers
arrived in America, as well as their language, religion and customs, they
brought with them plants that were cultivated on the Eurasian continent. In
return, together with tales of amazing riches, mysterious cultures and exotic
customs, they took back products of the earth that were unknown in the Old
World. Thus began a long-lasting exchange of plants and animals which
profoundly transformed eating habits on both sides of the Atlantic in the
following centuries.

In the course of this exchange, products that in the past had occupied a
prominent place in the economies and food supplies of vast regions,
particularly in Latin America, either disappeared or were set aside, giving
way to crops from the other continent. Eventually, the change in eating
habits that was triggered by the introduction of these plants, which were not
always well suited to local agro-ecological conditions, created a food and
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economic dependence in some countries of Central and South America
which, today, remains a serious obstacle to their development.

At a time when the world is experiencing an exponential increase in its
population and is anxiously wondering if it will be able to bring an end to the
hunger and scarcity of food that now exist in many regions without causing
fresh damage to our natural environment, it would seem logical to look to
the past for possible solutions in species that have fed humanity throughout
its history.

Such is the aim of this book which, beginning with an analysis of the
characteristics of these plants, attempts to identify possible areas of research
and development in order to facilitate, where possible, their reintroduction
in regions to which they had become so well adapted over the centuries. Its
purpose, therefore, is eminently practical and, in cooperation with institu-
tions active in this field and with possible donors, it aims at reawakening an
interest in the efficient exploitation and distribution of these crops.

This work is also a first step towards implementing the principles stated
at the United Nations Conference on the Environment and Development,
held recently in Rio de Janeiro, and is in keeping with FAO’s continuous
effort to find systems and methods of cultivation that make it possible to
combine development with a respect for the environment.

Edouard Saouma
Director-General
Food and Agriculture Organization
of the United Nations
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Preface

Conceived as a project by the Food and Agriculture Organization of the
United Nations, Neglected crops: 1492 from a different perspective was
copublished with the Botanical Garden of Cérdoba, Spain. This cooperation
came about as a result of the “Etnobotanica 92” congress, convened in
September 1992 by the Botanical Garden and the City of Cérdoba. The
contents and aims of the congress were fully consistent with the sentiment
behind the planned publication which would thus serve as an initial protocol
fordiscussion at a symposium onneglected crops, oriented towards defining
priorities, designing new projects for researching and improving these crops
and planning strategies to finance them.

The aim of the book is to analyse the present situation and the prospects
for improving certain traditional crops that were more important in other
times and have now either been completely forgotten or relegated to a
marginal role. After discussing the repercussions that 1492 had on natural
resources and ways of life, both in America and Spain, the discovery of
America and successive eras are studied, not as historic events that gave
rise to a great genetic and cultural flow but, on the contrary, as possible
immediate or delayed causes of certain crops being neglected.

The concept of aneglected or “marginalized” species in agricultural terms
needs to be made clear. It basically refers to cultivated crops and therefore
excludes those species which, in spite of their possible ethnobotanical or
economic interest, are taken directly from their wild populations. They are
crops which, at other times and under other conditions, were of greater
importance in traditional agriculture and in the diets of indigenous peoples
and other local communities. It does not necessarily imply promising crops.
This is because they have already been cultivated and because the aim of
their reinstatement is not to convert them into crops for intensive cultivation
or export. Marginalized crops are those whose use and productivity need to
be considerably increased as a means of raising the living conditions and
improving the diet of ethnic groups and populations accustomed to living in
economic systems that have engaged little interchange.

How has this situation of “marginalization” come about? There have been
various contributing factors: the introduction of species that supplanted
traditional ones; the loss of competitiveness of these species compared with
other more productive species; gradual changes in demand; economic,
cultural, political or religious prohibitions; and the disappearance of ethnic
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groups that understood the techniques and uses of the plants as well as their
cultivation methods. We need to recognize, as the present study does, that
among the social, agronomic and biological reasons for the neglect of such
plants, it is the social factors that predominate. In many cases this has been
a consequence of the premeditated eradication of self-sufficient ways of life
and their replacement by other foreign systems, based on outside interests.
Thus, in the traditional societies of Latin America, a dependence on external
forces developed and subsequently resulted in poverty.

Four main sections of this book basically deal with Latin America, where
three areas of anthropological action are identified, corresponding to the
three main centres of phytogenetic diversity and origin of agricultural
experiments: Mesoamerica, the Andean region and the Amazon. In keeping
with the general approach of “Etnobotanica 92” — organized to analyse the
consequences of 500 years of genetic and ethnobotanical exchanges be-
tween the two sides of the Atlantic — it seemed logical to include a final
section on the marginalization of crops in Spain and its possible connection
with 1492.

The list of species studied has been restricted to food crops and, with a few
exceptions, to those exclusively of interest as human food. This does not
mean that the same phenomenon of marginalization, as defined here, has not
occurred in other types of crops. Perhaps the most drastic cases are to be
found among industrial crops: dye, fibre or medicinal plants that have now
been replaced by synthetic products, whose cultivation is left to the poorest
communities which are unable to obtain the artificial substitutes, or which
survive to be used at times when, as a result of certain market contingencies,
the natural product once again can claim a limited consumption.

Some chapters are monospecific while others refer to groups of crops
which are taxonomically and agronomically close. With the aim of meeting
the basic objective of improving agricultural species in regions where they
are traditionally exploited, attention has been paid to the following points:

Importance of genetic resources. Emphasis is placed both on the direct use
of new germplasm with a superior yield, quality or resistance, and its
application in previous genetic improvement programmes, using more
sophisticated techniques. Mention is also made of conservation programmes
and germplasm banks as well as of national and international institutions
that coordinate conservation activities and the use of these resources.
Genetic variability or biodiversity (known cultivars, related species, wild
intraspecific variability, etc.) are evaluated and the current risks of genetic
erosion are assessed.

Forms of consumption. The direct causes of or factors contributin gtocrop
marginalization include the loss —either through neglect or cultural suppres-
sion — of forms of consumption (preparation, preservation, culinary habits,
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alternative uses) of foods based on marginalized traditional plants. For this
reason, it has been considered of the utmost importance not only to reinstate
the use of these crops but also to highlight their nutritional values and forms
of preparation.

Prospects for improvement and limitations. The attention of specialists
has been centred on rescuing neglected crops and, therefore, on indicating
the direction to be taken in order to improve them. Age-old crops must be
developed while taking into account the needs of the communities which
consume them. With modern technology, it is possible to put improvement
programmes into practice but, for this, the starting-point must be the
experience acquired by farmers themselves. Research must be carried out at
various levels and should range from the study and evaluation of seed
material and traditional cultivation practices to the inclusion of a biotechnol-
ogy suited to farmers’ practical problems.

In spite of the fact that the editors of this work laid down a very rigorous
theme structure, the diverse nature of the subjects dealt with and the different
approaches of specialists from more than nine countries have necessarily led
to a certain lack of uniformity which has in fact enriched the work. Highly
specific information is frequently provided, much of which has never before
been published. Also included are value judgements, observations and
personal opinions which may be of use to those who carry out field work.

The first two chapters present an overall view of the biodiversity of
American phytogenetic resources and the processes that caused marginal-
ization. This phenomenon is linked directly or indirectly to the introduction
of flora from the Old World into America from 1492 onwards.

In the section on Mesoamerica, some little-known beans, gourds and other
native cucurbits, custard apples and cherimoyas, prince’s feather (huautli)
and amaranth, sapodillas, Spanish plums and tomatilloes or husk-tomatoes
are studied. The numerous lesser crops of the region have not been included
because of their restricted geographical distribution.

In the section on Andean agriculture, crops are grouped into grains and
pulses, tubers, roots and fruits. The grains studied include quinoa, canihua
(qafiiwa), love-lies-bleeding (kiwicha) and Andean lupin (tarwi); tubers
include oca, ullucu, bitter potatoes and mashwa; roots include arracacha,
leafcup (yacén), maca and mauka; and fruits include the mountain papaw,
sweet cucumber and tree tomato.

The section dealing with Amazonian and Caribbean agriculture examines
neglected crops in the Amazon region understood in the broad sense and, by
extension, species of the Caribbean region and others that are subtropical in
environment and origin. There is a study of the cupuagu, peach-palm,
Paullinia sp., araz4, feijoa, jaboticaba, Guinea arrowroot, Paraguay tea and
yautia or tanier.
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The last section examines the possible influence of American flora on the
marginalization of various Iberian crops. Leguminous species (for animal
feed and human consumption) and horticultural species are considered.
Fruit-trees and groups of plants of separate economic interest for human
consumption ought to have been included.

Many other crops have not been mentioned and perhaps only a minority
of those which urgently need to be rescued have been included but it is hoped
that at least a contribution has been made towards increasing awareness of
such crops, thereby encouraging an exchange of available information.

What is sought now is the participation of different national and interna-
tional institutions that may be able to contribute resources, technology and
expertise to less developed countries where marginalized crops play an
important role as a source of food.

Perhaps what should first be achieved is a change of attitude in Latin
American countries themselves regarding the species and the products
which are derived from them, but which are currently neglected either
because of the passive or disparaging attitude of consumers, or because of
the lack of incentives to promote and improve them. These efforts must be
accompanied by new studies on postharvest handling, marketing channels
and the publicizing of nutritional values, bearing in mind that the prime
beneficiaries of this undertaking must be the farmers and consumers.

J.E. Hernandez Bermejo
and J. Leén
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Neglected crops: 1492 from «a different perspective

The discovery of America brought about the
biggest exchange of germplasm in history. Previ-
ously, only three species — one cultivated (sweet
potato) and two spontaneous (bottle gourd and

coconut) — were common (o the agricultures of

both the Old and the New World. After 1492, the
exchange of cultivated species not only radically
changed the diet of the majority of humankind
but also led to commercial crops being developed
in the tropics and a new world economic order
being created. The relationship between human
beings and cultivated plants affected everything
from basic food and clothing requirements to
the use of plants for ornamental purposes and
leisure.

The first introductions into America —
European grains, vegetables and fruits planted
in Hispaniola — were unsuccessful but, a few
decades later on the highlands of Mexico and the
Andes, they produced yields which exceeded
those of Europe. On the other hand, bananas,
sugar cane and citrus fruits, among others, accli-
matized easily to tropical areas. From Africa,
yams and other minor crops were introduced.
From America and Europe, maize, which arrived
shortly after the discovery, had spread through-
out the centre of the continent within three or four
decades. Later, potatoes, tomatoes, gourds,
beans and chilies were slowly incorporated nto
European cooking, which thereby assumed its
present-day characteristics. In Africa, the cassa-

The author of this chapter is J. Le6n (San José, Costa
Rica).

Plant genetic resources

of the New World

va or manioc and the peanut were introduced,
which radically changed the diet in the western
part of the continent. Rice, originating in South-
east Asia and taken to America from Spain and
Africa, came to constitute a staple food; on the
other hand, cottons from the New World dis-
placed African and Asian cottons. In commercial
crops, the influence of exchange was decisive:
sugar cane was the first agro-industrial product
of the New World while coffee from Ethiopia,
introduced two centuries ago, became the main
product of Latin America, followed by the ba-
nana, originating from Southeast Asia. In the
opposite direction, cocoa from Brazil has be-
come the main commercial product of West Af-
rica and, together with rubber from the Amazon
region, an important export item of Southeast
Asia. In Latin America during this century, Afri-
can grasses have replaced the local species,
which are few and of low yield.

The exchange of germplasm is a continuous
process in agricultural diversification and genet-
ic improvement. The fact that on both sides of the
Atlantic most commercial crops are of foreign
origin means that their preservation, evaluation
and trade is of world interest. Germplasm losses
in Southeast Asia may have more effect on trop-
ical America than on that region itself.

GENETIC RESOURCES

At present, the term “genetic resources’” is being
employed increasingly instead of germplasm, as
it is considered to be broader and more appropri-

ate. Interest in the preservation, documentation



Plant genetic resources of the New World

and intensive use of genetic resources is relative-
ly recent. As one of the earth’s many natural
resources, once it is lost the germplasm of culti-
vated plants may never be recovered. lts concen-
tration in countries with an incipient agriculture
creates particular problems regarding its conser-
vation and trade, although the agricultural sys-
tems prevalent in those regions tend to preserve it
as seed material.

The range of the genetic resources of cultivat-
ed plants varies considerably according to the
species. The first category consists of the primi-
tive cultivars, i.e. those resulting from an initial
selection made by the farmers. There is no com-
plete list, not even for species of high economic
value, by which the number of cultivars could be
estimated; in some species there may be dozens,
in others hundreds. Most have a restricted geo-
graphical distribution and many are grown only
for family consumption.

Outside their centre of origin they produce
high yields, as certain tests reveal. Their potential
value consists of the set of genes resistant to very
varied environmental conditions, diseases and
pests and, often, their high nutritional value con-
tent. They are very prone to genetic erosion, as
their populations are small and consequently
easy to replace with other cultivars and, since
they are used by the poorest social groups, they
receive scant attention.

The second category, advanced cultivars, is
limited in tropical America to a few species; they
are the result of genetic improvement efforts
intended to produce high-yielding cultivars that
are resistant to diseases and pests or adapted to
specific environmental conditions. Some crops
originating from the American tropics have un-
dergone genetic improvement in regions with
advanced agricultural sectors: North America,
Europe and Japan. The cultivars that they gave
rise to did not, however, adapt to the prevailing
conditions in tropical America.

The third category is made up of the cultivated
species’ wild populations which subsist in the
area where the species has been domesticated.
They grow spontaneously and sometimes the
action of disruptive selection does not allow an
exchange of genes between the wild and cultivat-
ed populations. Weeds, which are difficult to
define, form a separate group. In primitive agri-
cultural systems, there is no clear line between
cultivars, weeds and wild populations because
the latter two are also utilized in some cases.

In addition to the species, the cultivated or wild
relatives with which an exchange of genes is
possible constitute a fourth category which may
have an important role in genetic improvement.
Frequently, the relations of a cultivated species
are used in practices, such as grafting, that re-
quire a physiological affinity. In some cases —
citrus fruits and ornamental orchids — the genetic
resources are extended to other genera in the
formation of multigeneric hybrids.

THE MAJOR PHYTOGEOGRAPHICAL
REGIONS
The background to the processes determining the
richness of the continent’s genetic resources may
be understood better if we consider their relation-
ship with the distribution of the plant formations
and their biodiversity, and with human factors or,
in other words, cultural factors. The former is
very complex in the tropical region of the New
World because of the number of natural land-
scapes and the differences between them.
Around lat. 25°N, the arid regions of North
America, including deserts and semi-deserts,
come to and end and areas of greater humidity
begin along the coastal areas of Mexico. Running
parallel to the coast are the Sierra Madre moun-
tain ranges, traversed by the high and wide
central valleys which formed the heart of Meso-
america. Towards the south, the mountainous
areas, ranges and dividing valleys extend as far
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FIGURE 1

Major types of vegetation in Mesoamerica, the Caribbean and South America
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Plant genetic resources of the New World

as Panama, with a break only in Tehuantepec. As
far as Nicaragua, the vegetation of the ranges is
predominantly of northern origin, and the first
high, bleak Andean plateaus appear in Costa Ri-
ca. In the low areas there are notable differences
between the two slopes. On the Atlantic slope,
the rain forest begins south of Tamaulipas and
continues over the coastal plains as far as Darien
in Panama, broken only in Yucatdn by a low, dry
forest, and in the north of Nicaragua by extensive
pinewoods resulting from specific soil condi-
tions. On the Pacific slope, on the other hand, in
areas with alternating seasons, the dry tropical
forest extends from Sinaloa to central Panama,
with a single break through the humid tropical
forest of Osa in Costa Rica. The lowland forests
are mainly of southern origin and penetrate Mex-
1co as far as the northern limit of the rain forests
or dry forests.

InSouth America, the tropical rain forest of the
Gulf of Darien extends south through the coastal
plains as far as Ecuador; it branches north and
northeastwards in Colombia and Venezuela,
where it borders on a dry tropical forest, similar
to that of Mexico in Central America, which
changes in coastal areas to semi-desert scrub-
land, with Cactaceae extending as far as the
Caribbean coast.

The Andean ranges present a great diversity of
vegetation cover, from the slopes bordering the
Pacific, which are desert-like in Peru and Chile,
to the vegetation of the bleak plateaus. The east-
ern slope is generally much more humid and
forms a continuous strip from Venezuela to
Bolivia (cejas' and yungas?®). The high elevation
causes areas of extreme dryness in the Andes,
some of which are completely devoid of vegeta-
tion, for instance the salt marshes.

In the extreme northeast of the Andes, an area

'Jutting edges of upland plains.
2Densely wooded valleys.

of low humidity, the Orinoco plains, extends
from the centre of the continent to the Atlantic,
ending in very dry forests on the coast. On the
more humid ground to the east of the Orinoco
River, there are dry forests and palm groves.

The centre of the continent is covered with the
humid tropical forest of the Amazon Orinoco,
except for the high savannah of Guyana. This
forest, the most extensive in the world, can be
divided into several subregions according to the
types of vegetation and composition of flora,
caused by the expansion of the old plant forma-
tions and by environmental conditions. What is
important from a phytogeographical point of
view is the Obidos breech which crosses the
Amazon basin from north to south. It is a separate
strip with a lower precipitation of around
1 500 mm, much less than the rest of the Amazon
region receives, which divides the region into a
western and eastern zone and acts as a barrier to
the spread of many species. The upper Amazon,
from Obidos to the Andean ranges, is one of the
most interesting areas in South America on ac-
count of its wealth of flora and genetic resources
— numerous crops originated here.

The decrease in humidity south of the Amazon
forest gives rise to landscapes of open forest and
savannah. The cerrado is an enormous area in
central Brazil which is relatively low, undulat-
ing or with mountain ranges which are not very
high and are covered with scattered, low ever-
green arboreal vegetation which is denser around
water currents. The humidity is favourable to
agriculture, which has recently been developed
and, if chemical fertilizers are used, soils are
productive.

Northeastern Brazil is for the most part cov-
ered by the caatinga,’ with a clear, deciduous
forest predominated by palms and cacti. The area

® Stunted, sparse forest which is leafless in the dry
season.,
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offers natural products for collection, such as
carnauba wax in the extreme north, but it is a
difficult area for agriculture. On the rain forest
border in areas with about 1 500 mm of precipi-
tation, there are great formations of babassu,
which is an important source of oil. The cerrado
and the caatinga are poor in native crops, partly
because of their abundance of other natural re-
sources and partly because of the adverse condi-
tions for permanent agriculture.

Between the caatinga and the ocean there is a
belt of high humidity with rain forest which, in
Bahia, is used to a great extent for cacao, cane
and other crops. The coastal rain forests are
broken to the north of Rio de Janeiro by dry areas,
but they continue south almost to lat. 30°.

From the southern limit of the cerrado to the
Tropic of Capricorn there are several regions
with different landscapes, beginning with the
palm savannahs in Bolivia in the foothills of the
Andes; changing to the dry forest of Chaco which
is the largest of these regions; and then to the
great marshland of the Mato Grosso; and ending
in the mesophytic forests which extend east-
wards as far as the coastal rain forests.

BIODIVERSITY OF AMERICAN FLORA
Plant biodiversity in the American tropics com-
prises two aspects which have not yet been stud-
ied in full. The first is the diversity of plant types
caused by adaptation to a complex, unstable en-
vironment where there is much competition.
Species have responded to these conditions by
forming characteristics that entail complete
changes in the organism (epiphytism, parasit-
ism), or by adapting certain organs, as is the case
of lianas or floating plants which adjust to more
restricted requirements.

The second aspect, the wealth of families, gen-
era and species, has been studied more, but the
inventories made in the New World only cover
countries or very small regions, which does not

give an idea of the complete situation. It is well
known that the richness of flora increases from
the lower latitudes towards the equator and that,
like the diversity of biological forms, it reaches
its highest level in the humid tropics. The number
of higher plants in the tropical New World is
estimated to be between 60 000 and 70 000. A
very high percentage of these include the Com-
positae, Orchidaceae, Rubiaceae, Cyperaceae,
Araceae and Melastomataceae families, which
have few components that provide materials for
consumption or industry. It is to be hoped, there-
fore, that there is no correlation between a re-
gion’s wealth of flora and the number of
domesticated plants in it. Thus, in Costa Rica,
only one of about 10 000 higher plant species has
been domesticated. In Ecuador, whose wealth of
flora is unparalleled on the continent, it is sur-
mised that only four species have been domesti-
cated. On the other hand, the areas with the
greatest richness of flora are those which offer
the best prospects for future use, especially in
industry.

CULTURAL RELATIONSHIPS

It is obvious that neither the wealth of flora nor
the diversity of the major plant formations are
primary factors in domestication. On the contra-
ry, both conditions may be negative: the first
because, in a wide range of products, it is easy to
find substitutes if one should become scarce; the
second because the abundance of a product in a
natural formation makes its domestication un-
necessary.

Although there is uncertainty as to which spe-
cies were cultivated in America prior to 1492,
their number is estimated to be between 250 and
300. The great majority of them are still at an
incipient stage of cultivation and they cannot be
categorized as domesticated, if we are to follow
the norms laid down by specialists who restrict
this concept to those species that have undergone
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genetic improvement. However, if we accept that
the relationship between human beings and culti-
vated plants has a broader sense, the develop-
ment and application of cultivation practices and
the invention of utilization techniques as factors
in the domestication process of a species may be
considered to be as important as or more impor-
tant than genetic improvement.

In tropical America, the paucity of archaeolog-
ical or historical evidence makes it very difficult
to determine the factors which led to domestica-
tion and to establish whether this occurred in a
limited period or was a long process, whether it
occurred in one place or several, and whether it
happened just once or recurred in different eras.

Domestication in the New World may have
been due to the same causes that were believed
to have operated in the Old World: scarcity of
harvesting, fishing and hunting resources; po-
pulation pressure; and environmental changes
or cultural transformations. Secondary causes
may also be mentioned, such as the convenience
of having a resource close at hand rather than
having to look for it in the forest, especially if it
required only simple handling and propagation
methods.

Once the mitial stage of domestication had
passed, the expansion of crops exposed species to
new forces of selection and increased their diver-
sity. Expansion was able to take place by diffu-
sion or migration, as will be described later.

DISTRIBUTION OF GENETIC DIVERSITY

The genetic resources of cultivated plants are not
uniformly distributed. A great number of species
and varieties are concentrated in tropical and
subtropical regions, while they are scarce or
completely absent in very extensive areas of
temperate zones. Vavilov was the first to report
this unevenness in geographical distribution and,
although his explanation is still not accepted, his
definition of areas with a wealth of genetic re-

sources continues to be valid and useful. There is
a close relationship between the eight centres
which Vavilov identified as areas of high diversi-
ty and the state of agriculture during the discov-
ery. When the Europeans arrived, there were two
regions of advanced agriculture in America:
Mesoamerica, with centres in Mexico, Guatema-
la and the Andes, with a similar area in southern
Peru. Not only was agriculture more advanced in
those two regions, but so were industry, trade,
communications and urban development. In
these areas, agricultural progress was character-
ized by a high number of cultivated plants, a
small number of domestic animals, the develop-
ment of irrigation and soil conservation, imple-
ments for tillage (for which no draught animals
were available) and a food preservation technol-
ogy which was much more advanced than that
which existed in Europe.

Mesoamerica and the Andes had no direct
cultural communication. They were separated by
an intermediate region, comprising a large part of
Central America and northeastern South Ameri-
ca, which was far less culturally developed.
Several plants were cultivated in both regions, an
underlying factor common to the whole continent.

The most widespread cultivated plant which
was grown was maize, from the mouth of the
Saint Lawrence river in Canada (lat. 52°N) to
central Chile (lat. 35°S) and from sea level to
3 900 m altitude. The beans Phaseolus vulgaris
and P. lunatus covered a similar area; the latter
was cultivated up to the coasts of Brazil. Tobacco
and avocados were also common. It is interesting
to note that different species of the genera Ama-
ranthus, Capsicum, Cucurbita, Gossypium,
Physalis and Pachyrhizus were domesticated in
Mesoamerica and the Andes.

Botany, archaeology and history have enabled
us to confirm that both regions had a significant
number of cultivated native species in their cen-
tral areas, some of which are still found only in
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those areas. These nuclear areas were surrounded
by others which had different environmental
conditions and domesticated plants of local ori-
gin. From this, a distribution pattern emerges
whereby the number of cultivated species and
varieties decreases from the nuclear area of a
region to its periphery.

To the local component of germplasm in the
nuclear and adjacent areas must be added the
foreign contribution from introductions made in
different eras and from various origins. Before
the discovery, cassava, sweet potato, groundnut
and annato (arnatto) were already cultivated,
possibly originating from other areas of the con-
tinent, while calabash or bottle gourd (Lagenaria
siceraria), probably of African origin, was used
from the United States down to Argentina for its
fruits, which were used as vessels. In the first
stages of agriculture, this process of diffusion
began through exchanges, theft, war and con-
quests among the primitive populations. The
success of introductions depended on the adapta-
bility of species to new environments and on
their acceptance by consumers. The case of the
banana is exemplary; it was introduced at the
start of the discovery period and its expansion in
tropical America preceded the movement of the
conquistadores by ten years. The spread of culti-
vars resulting from the voluntary or forced mi-
gration of human communities may have had less
effect, but there is historical evidence to confirm
its occurrence. The concentration of genetic re-
sources in Mesoamerica and the Andes, which at
the time of the conquest were two very extensive
empires, can be explained by the accumulation of
germplasm throughout a long history of domesti-
cating local crops and adaptating foreign crops
on the basis of a few cultivated species common
to both regions.

These two regions of intense concentration of
germplasm do, however, occupy a very small
area. Beyond the tropics, to the north of Meso-

america, there were a few isolated cases of do-
mestication: sunflower, Jerusalem artichoke
(Helianthus tuberosus), Iva annua, Proboscidea
parviflora, Chenopodium sp., of which only the
first two are known in other regions.

The intermediate zone extends into South
America, spanning the basins of the Orinoco,
Amazon and Paraguay Parand. This immense
region covers the continent’s richest areas in
terms of species and environmental diversity. It
1s here that species of global importance were
domesticated: cassava, sweet potato, pineapple,
groundnut and many crops in the incipient stages
of cultivation. In spite of its enormous size, there
are no nuclei with a high concentration of germ-
plasm, and only in the Upper Amazon is there an
undefined area of native plants that are still in the
incipient stage of cultivation. There is archaeo-
logical evidence of extensive ancient human oc-
cupation in the intermediate region comparable
in age to the occupations of Mesoamerica and the
Andes, but no human group attained a culture
comparable with that of these civilizations. In
order to explain the absence of an advanced
agriculture it may be adduced that: in some re-
gions, e.g. the Amazon region, the natural condi-
tions were such that existing plant and animal
food resources were sufficient to supply a com-
munity with a balanced diet throughout the year;
and the low fertility of the soil, the formation of
the major rivers and prolonged droughts did
not favour the development of a firmly settled
civilization.

Finally, in the extreme south of the continent,
already outside the tropics, there were 1solated
cases of domestication. In Chile, the cereals Bro-
mus mango and Elymus sp. were cultivated until
European cereals supplanted them; an oleagi-
nous plant, Madia sativa, was cultivated until the
eighteenth century. In Argentina and Brazil, cul-
tivation began of Cucurbita maxima, a vegetable
of international importance.
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The Antilles were not an important source of
cultivated plants. Only the mammee (Mammea
americana), which appears to be of West Indian
origin, grows wild in the Greater Antilles where
it i1s known by the name “taino”. It is doubtful
whether arrowroot (Maranta arundinacea) was
domesticated in the Lesser Antilles as has been
suggested; rather, it may have been introduced
from South America. The Antilles, especially
Hispaniola, were where Europeans first became
acquainted with and adopted indigenous names
for a good number of American cultivated plants,
which then spread throughout the continent.

CHANGES SINCE 1500

Several processes radically affected the state of
genetic resources after the discovery and their
action varied according to the crop and region
while its intensity varied with the era. It is diffi-
cult to assess the impact of these processes and to
form an accurate idea of the germplasm lost.
Historical evidence shows that some species dis-
appeared from cultivation, but it is not possible
to evaluate the losses of cultivars.

Two new processes were observed immediate-
ly after the discovery. The first was the introduc-
tion of livestock, leading to extensive farming
which still exists within colonial settings in some
regions of Latin America. Extensive livestock
farming first occupied the cultivated land that the
Indians abandoned either because of the con-
quest or because of depopulation resulting from
disease. To sustain livestock farming on the high-
lands, Eurasian forage species were introduced
while, for the lowlands, African grasses were
introduced, some of which turned into obnoxious
weeds and practically eliminated the native
grasses.

The second process was the introduction of
export crops —sugar cane, indigo, coffee, banana,
oil-palm — which were established by cutting
down primary forests or using agricultural land

intended for subsistence crops. The monocul-
tures were transformed by dense sowing and
agronomic practices into veritable deserts in
terms of their scarce biodiversity.

The processes of urbanization, if this is the
name that may be given to the building of dwell-
ings and transport routes, seriously affected the
preservation of genetic resources since, in Latin
America, the expansion of cities mainly took
place around the old population centres which
were surrounded by intensely and diversely
farmed fields. Urbanization brought about
changes in diet which reduced the consumption
of traditional foods.

The effects that the change in varieties had on
the survival of genetic resources were less impor-
tant in tropical America. First, because of the
lack of genetic improvement or selection pro-
grammes in the great majority of crops and,
second, because of farmers’ resistance to adopt-
ing new varieties, especially for food crops.
(Farmers usually doubt the properties of im-
proved varieties and consequently prefer tradi-
tional varieties, when they are not fully informed
of the methods for handling them.)

Another factor that favoured genetic diversity
was the sowing of mixtures of cultivars in order
to ensure that at least one of them was harvested.
The aesthetic aspect of this practice is reflected in
the diversity of shapes, colours and sizes of fruit,
tubers and other products. In some cases, eating
habits and the nutritional and culinary superiority
of the primitive cultivars contributed to their
survival.

THE CHALLENGE OF CONSERVATION

In what way can a region comprising 30 inde-
pendent countries and undergoing serious prob-
lems in all areas of development maintain the
germplasm of approximately 350 cultivated spe-
cies? Much is being done at the national and
regional level, especially for priority crops that
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are arousing world interest. However, the food

production capacity of most crops has not yet
been studied.

Preservation of this genetic stock is a complex
task which requires the shared responsibility of
national institutions and regional and interna-
tional bodies as well as political decisions
guaranteeing the permanent conservation of
germplasm. As the great majority of tropical
crops have recalcitrant seeds or are propagated
vegetatively, they will have to be conserved in
live collections. New techniques will have to be
developed for the establishment and handling of
collections as well as their duplication in differ-
ent locations.

Many of the crops of the American tropics are
exotic and, therefore, more germplasm and an
international policy of introduction and ex-
change will also be required. This genetic wealth
should then ensure rich and varied sources of
food and industrial products for the most diverse
uses in the future.

Preservation of the native germplasm of tropi-
cal America will also depend on the establish-
ment of gene banks and protected areas and will
be based on the development of markets and
technology for the handling and preparation of
agricultural products for consumption. To widen
the market for such products, it will be necessary
to diversify their uses and to launch information
campaigns based on traditional knowledge of
their nutritional value and organoleptic qualities.
With this aim, ethnobotanical research will need
to be stepped up and a systematic study of agro-
nomic management and technologies of product
preparation undertaken. Recent experience has
shown that, with a little time and effort, it 1s
possible to convert certain neglected crops into
supermarket goods. Notable failures have also
been seen as a result of insufficient planning and
experience. However, in some cases traditional
approaches to establishing live collections and

seed banks have been successfully combined
with research on agronomic management and
marketing.

Table 1 lists plants originating in the New
World. This catalogue would be incomplete if we
did not mention ornamental and medicinal
plants.

ORNAMENTAL PLANTS

There is historical evidence of the prehistoric
cultivation of ornamental genera such as Dahlia,
Tagetes and others in Mexico, but it is in the last
two centuries that a great number of American
species have been introduced for cultivation, first
in Europe then in the United States, many of
which have been genetically altered. The fami-
lies that have provided a great number of species
include the Araceae, Bromeliaceae, Cactaceae
and Palmae. Other families of commercial im-
portance are the Amaryllidaceae, (Hymenocallis,
Hippeastrum, Zephyranthes), the Compositae
(Cosmos, Tagetes, Zinnia) and the Solanaceae
(Browallia, Brugmansia, Nierembergia, Petu-
nia, Salpiglossis). Numerous genera in very
different families contain species that are exten-
sively cultivated; for instance the genera Canna,
Cleome, Euphorbia, Fuchsia, Ipomoea, Salvia
and Verbena. Of special importance are orna-
mental plants originating from North America,
including genera such as Calochortus, Gaillar-
dia, Lewisia, the cultivation of which began in
the colonial era and rapidly expanded to other
temperate regions.

MEDICINAL PLANTS

American medicinal plants, particularly those of
Mexico, attracted attention immediately after the
discovery and it was with these plants that scien-
tific studies of the New World began. For Euro-
pean medicine, which was still at a medieval
stage, the discovery of the purgative properties of
Ipomoea jalapa, the Michoacén root, was evi-
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TABLE 1 Cultivated plants originating in the New World, and their probable
distribution at the time of the discovery

Family and species

Common names

Distribution

CEREALS AND OTHER GRAINS

Amaranthaceae
Amaranthus caudatus

Amaranthus cruentus

Amaranthus hypochondriacus

Gramineae
Zea mays
Bromus mango'
Elymus sp.!

Compositae
lva annua

Chenopodiaceae
Chenopodium pallidicaule
Chenopodium quinoa
Chenopodium sp.}

(aff. buschianum)

Martyniaceae
Proboscidea parviflora

Love-lies-bleeding, cat-tail, Inca wheat,
tumbleweed achis, achita, ataco,
coima, kiwicha, sangorache

Chian, alegria

Prince’s feather, huautli, alegria

Maize
Brome(grass), wild rye
Teca

Canihua, gafiwa, cafahua
Quinoa, quinua, suba

New Mexico devil's claw

Ecuador, Argentina

United States (New Mexico),
Guatemala
United States (New Mexico),
Guatemala

Canada, Argentina
Chile
Chile

United States
Peru, Bolivia
Colombia, Chile

United States

United States

SPICES AND CONDIMENTS
Apocynaceae
Fernaldia pandurata Loroco E! Salvador
Bombacaceae
Quararibea funebris Cacaoxochit! Mexico

Cyperaceae
Cyperus sp.

Compositae
Eupatorium ayapana
Porophyllum ruderale
Spilanthes oleracea
(Spilanthes acmella var. oleracea)
Tagetes graveolens
Tagetes mandoni

Myrtaceae
Pimenta dioica
(Pimenta officinalis)

Orchidaceae
Vanilla planifolia

Chenopodiaceae
Chenopodium ambrosioides

Flatsedge, pripreoca

Ayapana
Poreleaf, quiliquifa
Para cress, berro

Huacatay
Huacatay, suico

Allspice, pimento,
Jamaica pepper

Vanilla

Wormseed, Mexican tea, epazote

Amazon region
Amazon region
Bolivia

Peru
Peru, Bolivia
Peru, Bolivia

Mexico, Guatemala, Antilles

Mexico

Mexico, Peru

! Species that have disappeared from cultivation.
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TABLE 1 (cont.)

Family and species

Common names

Distribution

SPICES AND CONDIMENTS (cont.)

Solanaceae
Capsicum annuum
Capsicum baccatum
Capsicum chinese
Capsicum frutescens
Capsicum pubescens

Umbelliferae
Eryngium foetidum

Pepper, chili, pimento, bird pepper

Mountain coriander, eryngo

United States, northern South America
South America

Northern South America

Mesoamerica

Ecuador, Bolivia

Mesoamerica, Antilles

STIMULANTS

Agavaceae
Agave cocui
Agave mapisiga
Agave salmiana

Adquifoliaceae
llex paraguariensis

Erythroxilaceae
Erythroxylum coca
Erythroxylum novo-granatense

Sterculiaceae
Theobroma angustifolium
Theobroma cacao

Sapindaceae
Paullinia cupana
Paullinia yoco

Cocuy

Pulque, aguamiel

Maté, Brazilian tea, Paraguay tea

Coca, ipadu
Peruvian cocaine

Monkey chocolate
Cocoa, cacao

Guarana
Yoco

Venezuela
Mexico
Mesoamerica

Paraguay, Argentina

Northern and central South America
Western South America

Mesoamerica
Mesoamerica

Brazil
Colombia, Ecuador

FIBRES

Agavaceae
Agave angustifolia
var. letonae
Agave cantala
Agave fourcroydes
Agave sisalana

Furcraea andina
Furcraea cabuya
Furcraea foetida (Furcraea gigantea)

Furcraea humboldtiana
Furcraea macrophylla

Bromeliaceae
Aechmea magdalenae
Ananas erectifolius
Neoglaziovia variegata

Cyclanthaceae
Carludovica palmata

Salvador henquen, maguey,
letona agave

Cantala, Manila maguey, Bombay aloe
Henequen, henequen agave
Sisal, Bahama hemp, true sisal,
sisal agave, green agave
Furcrea, chuchao, cabuya
Cabuya, pita, furcrea

Piteira furcrea, giant lily, Mauritius
hemp

Cocuiza, Humboldt furcrea

Fique, fique furcrea

Pita floja
Carta
Caroa, carua

Toquilla, Panama hat paim

El Salvador

Mexico
Mexico
Mexico

Ecuador, Peru
Costa Rica, Colombia
Colombia, Venezuela

Colombia, Venezuela

Colombia

Mexico, Venezuela, Ecuador
Brazil
Brazil

Guatemala, Peru, Brazil
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TABLE 1 (cont.)

Family and species

Common names

Distribution

FIBRES (cont.)

Malvaceae
Gossypium barbadense
Gossypium hirsutum

Palmae
Attalea funifera

Sea island cotton, West Indian cotton

Upland cotton, hairy cotton

Bahia piassava, piassalba, coquilia,
piasava, piasaba

Northern South America, Guatemala,
Belize, Antilles

Mesoamerica, Antilles

Brazil

FRUITS AND NUTS

Anacardiaceae
Anacardium occidentale
Spondias mombin (Spondias lutea)

Spondias purpurea (Spondias mombin)

Spondias tuberosa

Annonaceae
Annona cherimola

Annona diversifolia
Annona muricata
Annona purpurea
Annona reticulata

Annona scleroderma
Annona squamosa

Rollinia jimenezi
Rollinia mucosa
Rollinia rensoniana

Apocynaceae
Couma utilis
Macoubea witotorum

Araceae
Monstera deliciosa

Bignoniaceae
Parmentiera aculata

Bombacaceae
Patinoa almirajo
Quararibea cordaia

Bromeliaceae
Ananas comosus

Cactaceae

Aeanthocereus pentagonus
Hylocereus ocamponis
Hylocereus undatus
Opuntia amyclaea

Cashew nut, acajou

Yellow mombin, tapereba, jobo
Spanish plum, red mombin, ciruelo,
jocote

imbu

Cherimoya, cherimoyer, chirimoyer,
custard apple

llama, papausa

Soursop, guanabana, graviola
Soncoya

Bullock’s heart, sugar apple, custard
apple

Poshte, quave

Sweetsop, sugar apple, custard apple,
anona

Anonillo

Biriba

Churumuyo

Sowa, sorva

Ceriman, cheeseplant

Yellowtaper candletree, cuajilote

Almirajo
Sapote, zapote, sapodilia

Pineapple, ananas, nana

Barbwire acanthocereus, pitaya
Pitaya

Night-blooming cereus

Prickly pear, tuna blanca

Venezuela, Brazil
Mexico, Brazil, Antilles
Mesoamerica

Northeastern Brazil

Ecuador, Peru, Mexico (?)

Mexico, El Salvador
Panama, Brazil, Antilles
Mexico, Panama
Mesoamerica, Antilles

Guatemala
Mexico, Antilles

Mexico, Costa Rica

Brazil
El Salvador

Brazil, Amazon region
Colombia, Amazon region

Mexico, Panama

Mesoamerica

Colombia
Colombia, Brazil, Peru

Mexico, Brazil

Mexico, Antilles
Mexico (7?)
Mexico

Mexico
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TABLE 1 (cont.)

Family and species

Common names

Distribution

FRUITS AND NUTS (cont.)

Cactaceae (cont.)
Opuntia ficus-indica

Opuntia megacantha
Opuntia robusta
Opuntia streptocantha
Opuntia undulata
Pereskia aculeata

Caricaceae
Carica x heilborni

(Carica pentagona, Carica

chrysopetala)
Carica papaya
Carica pubescens

Caryocaraceae
Caryocar villosum

Chrysobalanaceae
Chrysobalanus icaco
Couepia bracteata
Couepia longipendula
Couepia polyandra
Couepia subcordata
Licania platypus

Cucurbitaceae
Melothria dulcis

Sterculiaceae
Theobroma bicolor
Theobroma grandiflorum

Ebenaceae
Diospyros digyna
(Diospyros ebenaster)

Guttiferae

Mammea americana
Platonia insignis
Rheedia madruno
Rheedia macrophylia

lcacinaceae
Poraqueiba paraensis

Lauraceae
Bielschmieidia anay
Persea americana

Persea schiedeana

Lecythidaceae
Bertholletia excelsa
Gustavia superba
Grias neuberthi
Lecythis usitata

Indian fig, Barbary fig, prickly pear,
tuna castilla

Tuna, mission prickly pear

Tuna camuesa

Tuna cardona

Barbados gooseberry, guamacho

Babaco, higacho
Papaw, papaya
Mountain papaw, papayuela

Piquia, piquia-ete

Icaco, icaco cocoaplum
Pajora

Castanha de galina
Olosapo

Umarirana

Zunzapote, sansapote

Ococa

Tiger cocoa, Nicaragua cocoa
Cupuagu, cupuassu

Black sapote, Indian ebony persimmon

Mammee apple, toddy-iree

Bacury, bakury bakuri guiana orange
Madrone rheedia, arbutus

Longleaf rheedia, bacuripari, bakupari

Umari

Anay

Avocado pear, aguacate, alligator pear,
palta

Coyo avocado

Brazil nut, Para nut
Paco, membrillo
Sacchamango
Sapucaia nut

Mexico (?)

Mexico
Mexico
Mexico
Mexico
Northern South America, Antilles

Ecuador

Southern Central America
Northern South America, Colombia,
Venezuela, Ecuador

Amazon region

Tropical America
Amazon region
Amazon region
Mesoamerica
Amazon region
Mesoamerica

Costa Rica, Panama

Amazon region
Brazil

Mexico

Antilles

Brazil, Paraguay
Colombia, Ecuador
Amazon region

Amazon region
Mexico, Guatemala
Mexico, Peru
Mexico, Costa Rica
Amazon region
Panama, Colombia

Amazon region
Amazon region
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TABLE 1 (cont.)

Family and species

Common names

Distribution

FRUITS AND NUTS (cont.)

Leguminosae, Mimosoideae
Inga cinnamomea
Inga densiflora
Inga edulis

Inga fagifolia

Inga feuillei

Inga jinicuil

Inga macrophylla
Inga paterno

Inga ruiziana
Inga setifera

Leguminosae, Cesalpinioideae
Cassia leiandra

Leguminosae, Papilionoideae
Arachis hypogaea

Malpighiaceae
Bunchosia armeniaca
Byrsonima crassifolia
Malpighia glabra

Myrtaceae
Campomanesia guazumifolia
(Britoa selfowiana)
Eugenia brasiliensis
Eugenia floribunda
Eugenia cabelluda
Eugenia kiotz
Eugenia luschnathiana
Eugenia pyriformis
Eugenia stipitata
Eugenia uniflora
Feijoa sellowiana
Myrciaria caulifiora
Myrciaria dubia
Myrtus ugni
Paivaea lansdorfi
Psidium acutangulum
Psidium cattleianum
Psidium friedrichsthalianum
Psidium guajava
Psidium sartorianum

Moraceae
Brosimum alicastrum
Pourouma cecropiaefolia

Palmae
Baciris gasipaes

Passifloraceae
Passiflora edulis

Passiflora ligularis
Passiflora maliformis
Passiflora mollissima

Inga, inga-asst
Guamo, guabo
Food inga, inga-cip6
Ingé-chichi

Pacae, pacay
Jinicuil

Inga-péua

Paterno

Gumo

Inga dos indios

Marimari

Peanut

Green plum, ciruela de fraile
Nance, golden spoon
Barbados cherry, acerola, azarole

Guabiroba

Grumichama, Brazilian cherry
Rumberry eugenia

Cabelluda

Peradocampo

Pitomba

Uvalha

Araza

Surinam cherry, pitanga
Feijoa, pineapple guava
Jaboticaba

Camucamu

Ugni (molinae), Chile guava
Cambuci

Araza, pera

Pineapple guava, purple guava
Costa Rican guava, cas
Common guava, apple-shaped guava
Arrayan

Breadnut, ramon, ojoche
Uvilla, mapati

Peach-palm, pejibaye, pupunha,
pejivalle chontaduro

Purple granadilla, passionfruit,
maracuya

Sweet granadilla

Granadilla

Banana passionfruit tacso, curuba,
curuba passionfruit

Amazon region

Costa Rica, Venezuela
Amazon region
Mexico, Brazil, Antilles
Peru

Mexico

Amazon region

El Salvador

Nicaragua, Peru, Brazil
Amazon region

Amazon region

Mexico, Argentina, Antilles

Amazon region
Mexico, Brazil
Antilles

Brazil

Brazil

Antilles

Brazil

Brazil

Brazil

Brazil

Amazon region
Brazil

Brazil

Brazil

Amazon region
Chile

Brazil

Brazil

Brazil

Mexico, Panama
Mexico, Brazil
Mexico, El Salvador

Mexico, Brazil
Amazon region

Honduras, Brazil

Brazil

Mexico, Peru
Antilles, northern South America
Colombia, Peru
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TABLE 1 (cont.)

Family and species

Common names

Distribution

FRUITS AND NUTS (cont.)

Passifloraceae (cont.)
Passiflora popenovii

Passiflora quadrangularis
Passiflora tripartita

Rhamnaceae
Ziziphus joazeiro

Rosaceae
Crataegus pubescens
Fragaria chiloensis
Prunus serotina

ssp. capuli
Rubus glaucus

Rubiaceae
Borojoa patinoi
Borojoa sorbilis
Genipa americana

Rutaceae
Casimiroa edulis

Sapindaceae
Melicoccus bijugatus
Talisia esculenta
Talisia floresii
Talisia olivaeformis

japotaceae
hrysophyllum cainito
fanilkara zapota

outeria arguacoensium
wuteria caimito

uteria campechiana
wuteria hypoglauca
witeria macrocarpa
witeria macrophylla
wteria obovata

uteria pairiry

uteria sapota

wteria ucuqui

lanaceae
phomandra betacea
ysalis peruviana
lanum muricatum
lanum quitoense
anum sessiliflorum

giandaceae
glans boliviana
glans honorei
glans neotropica

Granadilla de Quijos,
softleaf passionfruit
Giant granadilla, badea
Tacso

Jujube

Mexican hawthorn, manzanita, tejocote

Pine strawberry, pineapple strawberry

Capulin
Mora

Borojé
Purui grande
Genip

White sapote, Mexican apple,
casimiro apple, matasano

Mamoncillo, mamén
Pitomba

Coloc

Cotoperis

Star apple, caimito

Sapodilla (plum), chiku, chicle,
chicozapote, naseberry, beef apple
Manzano

Abiu, caimo

Canistel

Pan de vida

Cutiti grande

Cutité, riba

Lucumo

Pariri

Sapote, marmalade plum,
mammee zapote

Ucuquf

Tree tomato, tamarillo

Cape gooseberry

Pepino, sweet cucumber, pear melon
Naranijilla, lulo

Topiro, cocona

Bolivian black walnut
Ecuador walnut

Ecuador

Northern South America
Ecuador

Brazil

Mexico
Peru, Chile

Mexico, Guatemala
Guatemala, Ecuador

Colombia
Brazil
Mexico, Brazil, Antilles

Mexico, Costa Rica

Antilles, Colombia, Venezuela
Brazil, Paraguay, Bolivia
Mexico, Guatemala

Mexico, Guatemala, Colombia,
Venezuela

Antilles, Northern South America
Mexico, Costa Rica

Colombia

Amazon region
Mexico, Panama
Mexico, El Salvador
Amazon region
Amazon region
Ecuador, Chile
Amazon region
Mexico, Panama

Amazon region

Andes, Colombia, Bolivia
Colombia, Bolivia
Colombia, Bolivia
Colombia, Ecuador
Amazon region

Peru, Bolivia
Ecuador
Ecuador, Peru
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TABLE 1 (cont.)

Family and species

Common names

Distribution

VEGETABLES

Agavaceae
Yucca elephantipes

Asclepiadaceae
Vincetoxycum salvini

Araceae
Xanthosoma brasiliensis

Cactaceae
Opuntia spp.

Caricaceae
Carica monoica

Cucurbitaceae
Cucurbita argyrosperma

Cucurbita ficifolia

Cucurbita maxima
Cucurbita moschata

Cucurbita pepo

Cyclanthera explodens
Cyclanthera pedata
Sechium edule

Sechium tacaco
Sicana odorifera

Euphorbiaceae
Cnidoscolus chayamansa
Manihot esculenta

Leguminosae, Papilionoideae
Crotalaria longirostrata

Marantaceae
Calathea macrosepala

Palmae

Bactris gasipaes
Chamaedorea tepejilote
Euterpe oleracea

Portulacaceae
Talinum triangulare

Chenopodiaceae
Chenopodium berlandieri
spp. nuttalliae

Solanaceae
Lycopersicon esculentum

Izote, bulbstem yucca
Cuchamper

Belembe

Prickly pear

Col de montafa

Cushaw, calabaza, saquil, pipian,
pipitoria

Cidra, sidra, fig leaf squash,
chilacayote, Malabar gourd

Winter squash

Pumpkin, winter squash, musky
squash, cushaw China squash
Pumpkin, vegetable marrow, summer
pumpkin, auturmnn pumpkin

Artillery cyclanthera, pepino diablito
Prickle cyclanthera, caigua
Chayote, cho-cho, chow chow,
christophine, Madeira marrow,
vegetable pear

Tacaco

Casabanana

Chaya, spurge
Cassava, manioc, mandioca, tapioca,
gari

Tachipilin
Chufle

Peach-palm, pejibay(e), pejivalle
Pacaya

Assai, assai palm, assai enterpe,
cabbage enterpe

Potherb fameflower

Pitseed goosefoot

Tomato

Mexico, Guatemala

Guatemala, Costa Rica

Brazil

Mexico

Peru

Mexico, Guatemala
Mexico, Guatemala

Argentina
Mexico, Guatemala

Mexico, Guatemala

El Salvador, Peru
Andes
Mexico, Guatemala

Costa Rica
Northern South America (?)

Mexico, Guatemala
Amazon region

Mexico, El Salvador

Guatemala, El Salvador

Honduras, Brazil
Mexico, Guatemala
Brazil

Northeastern South America

Mexico

Mexico
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TABLE 1 (cont.)

Family and species

Common names

Distribution

VEGETABLES (cont.)

Solanaceae
Physalis philadelphica

Solanum americanum
Solanum sp.

Vitaceae
Cissus gongyloides

Tomatillo, ground cherry, husk-tomato,
jamberry

Hierba mora, nightshade

Nightshade

Marble treebine

Mexico, Guatemala

Guatemala, El Salvador
Guatemala

Amazon region

GRAIN LEGUMES

Leguminosae, Papilionoideae
Canavalia ensiformis

Erythrina edulis
Lupinus mutabilis
Phaseolus acutifolius
Phaseolus coccineus

Phaseolus lunatus

Phaseolus polyanthus
Phaseolus vulgaris

Jack bean, sword bean, sabre bean,
Jamaican horse bean

Basul

Andean lupin, South American lupin
Tepary bean

Scarlet runner bean, ayacote, patol,
botil

Butiter bean, Burma bean, duffin bean,
Rangoon bean, Lima bean

Botil

Kidney bean, French bean, flageolet
bean, dwarf bean, navy bean, string
bean, haricot bean, baked bean, field
bean

Peru

Colombia, Peru
Colombia, Bolivia

United States, Costa Rica
Mexico, Guatemala

United States, Chile

Mexico
United States, Argentina

OIL CROPS

Compositae
Helianthus annuus
Madia sativa'

Chrysobalanaceae
Licania sclerophylla

Euphorbiaceae
Caryodendron orinocensis

Labiatae
Salvia hispanica

Leguminosae, Papilionoideae
Dipteryx odorata

Myriaceae
Pimenta racemosa

Common sunflower
Madia oil plant, tarweed, melosa

Oiticica

Tacay nut, inchi

Mexican chia

Tonka bean

Bay rum tree

United States, Mexico
Chile

Brazil

Amazon region, Orinoco

Mexico, Guatemala

Northeastern South America

Antilles

ROOTS AND TUBERS

Araceae
Xanthosoma sagittifolium

Tannia, tania, tanier, new cocoyam,
yautia

Mexico, Brazil, Antilles

' Species that have disappeared from cultivation.
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TABLE 1 (cont.)

Family and species

Common names

Distribution

ROOTS AND TUBERS (cont.)

Basellaceae
Ullucus tuberosus

Cannaceae
Canna edulis

Composiiae
Helianthus tuberosus
Polymnia sonchifolia

Convolvulaceae
Ipomoea batatas

Cruciferae
Lepidium meyenii

Dioscoreaceae
Dioscorea trifida

Euphorbiaceae
Manihot esculenta

lridaceae
Tigridia pavonia

Leguminosae, Papilionoideae
Pachyrhizus ahipa

Pachyrhizus erosus
Pachyrhizus tuberosus

Marantaceae
Calathea allouia

Nyctaginaceae
Mirabilis expansa

Oxalidaceae
Oxalis tuberosa

Solanaceae
Solanum tuberosum

Tropaeolaceae
Tropaeolum tuberosum

Umbelliferae
Arracacia xanthorrhiza

Ullucu, Oca quina

Achira, Queensland arrowroot, tous-les-
mois

Jerusalem artichoke
Leafcup yacon

Sweet potato, yam, kumara,
Brazilian arrowroot

Maca, pepper grass, pepper weed
Cush-cush, yampi yam

Cassava, manioc, mandioca, tapioca,
gari

Tiger flower

Ahipa, yam bean
Yam bean, manioc bean, jicama

« West Indies yam, jicama

Guinea arrowroot, topinambour,
topi-tampo, topi-tamboo
Mauka, chago

Oca

Potato

AfAu, mashwa

Arracacha, apio, Peruvian parsnip,
white carrot

Venezuela (Andes), Argentina

Western Andes

United States
Venezuela (Andes), Argentina

Mexico, Brazil, Antilles

Peru (Andes)

Northern South America

Mexico, Brazil, Antilles

Mexico

Peru, Argentina
Mesoamerica
Colombia (western Andes), Peru

Northern South America, Antilles

Ecuador, Bolivia

Colombia (Andes), Chile

Venezuela, Chile

Colombia (Andes), Bolivia

Colombia, Bolivia

DYESTUFFS

Bixaceae
Bixa orellana

Cucurbitaceae
Lagenaria siceraria

Annato, arnatto, roucou, achiote, bixa

Calabash, bottle gourd

Mexico, Brazil, Antilles

United States, Argentina, Antilles
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TABLE 1 (cont.)

Family and species Common names

Distribution

MISCELLANEOUS

Bambusa angustifolia
Stevia rebaudiana
Nicotiana rustica
Nicotiana tabacum

Bamboo, guadua
Caa-ehe, cahahé

Tobacco

Aztec tobacco, wild tobacco

Colombia
Paraguay
Canada, South America
Mexico, South America

dently sufficient reason to justify Dr Francisco
Hernédndez’ (1517-1587) expedition to New
Spain. Numerous plants were included in the
European pharmacopoeia and some of them, de-
spite their synthetic substitutes, are still of world-
wide importance; for example, the genera
Cinchona, Dioscorea, Ipecacuanha and Smilax.
The first three of these have been cultivated but a
large proportion of their supply for consumption
is gathered. Most medicinal substances are
obtained from the wild plants and, in many cases,
it is not certain if they have the properties attrib-
uted to them. Bordering on the medicinal area are
the hallucinogenic plants, distributed among nu-
merous higher plant families; for instance, the
Cactaceae (Lophophora, Trichocerus), the Le-
guminosae (Adenanthera, Erythrina), the Myris-
ticaceae (Virola) or fungi (Psylocibe).
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Introduction of flora from the Old World
and causes of crop marginalization

The effects of the diffusion of American crops
such as the potato, maize, sunflower and tomato
in Europe, and of the extensive use of agricultural
products derived from other American plants
such as cotton, cocoa and cochineal berry are
fairly well documented. What are not so well
known are the repercussions of the introduction
into America of crops and products from other
parts of the world. In this chapter, an attempt will
be made to analyse the marginalization of native
plants in Latin America, especially in face of
introduced European agricultural crops, products
and methods and ideas as well as their subse-
quent local development.

Several problems arise when studying the
neglect of native crops that resulted from the
conquest of the greater part of America. These
include:

o difficulties of a conceptual nature concern-
ing terms such as cultivated plant and mar-
ginalization;

o the destruction of pre-Hispanic vestiges
which may have shown the stage reached in
agriculture when the Europeans arrived on
the new continent (the accounts given by the
conquistadores, the main ones to have been
handed down to posterity, are lacking in
objectivity);

- the variety of events and contradictory

The authors of this chapter are M.A. Martinez Alfaro
(Botanical Garden of the Institute of Biology, UNAM,
Mexico City), R. Ortega Paczka and A. Cruz Ledn
(Subdirectorate of Regional Centres, UACH, Chapingo,
Mexico).

processes which have occurred on the
Latin American subcontinent over the last
500 years and the difficulty of conducting a
general analysis of the phenomenon;

* the size of Latin America and its natural,
cultural and historical diversity, which re-
quires a regionalized approach to under-
standing the marginalization of plants.

From an economic point of view, the fact that
various previously neglected plants are being
used more intensively holds great promise now
that both modern society and traditional commu-
nities are requiring additional products to meet
their numerous needs. The study of traditional
agriculture is providing very valuable informa-
tion that serves to reinforce the modern trend of
seeking sustainable agricultural development.
This research also benefits biology and agrono-
my by contributing knowledge on the evolution-
ary process under domestication, the adaptation
of crops, production techniques and agricultural
development.

There is much illustrative information on the
large number of plants that were being used in
some American areas when the Europeans ar-
rived and on those that are being used nowadays
in traditional rural communities. In the “Cédice
florentino”, 724 plants are mentioned of which
only 382 have been identified botanically. At
the moment, one Totanac community is using
325 species of a total of 482. The Seris, Tarahu-
maras and Huastecos are using 75, 137 and 201
species, respectively, for food. This indicates
that the traditional communities, including the
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indigenous American communities at the time of
the Europeans’ arrival, used several hundred
plants from their environment, while the popula-
tions with a heavy Western influence used much
fewer.

A distinction should be made between: wild
plants, which appear spontaneously in natural
ecosystems; plants that appear spontaneously on
tilled ground and generally in areas disturbed by
human beings; cultivated plants, which are the
product of human toil and dedication; and do-
mesticated plants, which have undergone pro-
found genetic transformations as a result of
domestication and which are generally unable to
survive unless cared for by humans. The plants
used by American societies fit into all of the
categories mentioned.

If this classification is accepted, it would be
appropriate to include among wild plants almost
all the plant diversity existing when the Europe-
ans arrived, while cultivated plahts would com-
prise at least the majority of those indicated by
Vavilov (1931) and other authors as crops origi-
nating from America — between 49 and 104
species for Mesoamerica and 45 for the Andean
region. The number of species actually domesti-
cated by the indigenous peoples before the
arrival of Christopher Columbus was lower, as
many of the species mentioned earlier were only
in the process of domestication while some
should be considered wild and a high number
spontaneous on tilled ground.

It is known that traditional societies frequently
use and conserve a variety of cultivars of one
single species. For this reason, the phenomenon
of marginalization should not be reduced to the
displacement of botanical sfiecies but should also
include the neglect of cultivars and traditional
varieties within the same species through re-
placement by others or by a small number of
variants or forms of that same species. This is
usually referred to as genetic el'QsiOn. If this point

of view is accepted, it would follow that, on
account of the European conquest, the extent of
the marginalization of American plants has per-
haps been somewhat wider than could be evalu-
ated at the species level only.

The basis for an assessment of the marginaliza-
tion of useful plants should be a comparison of
the area’s inventory of its flora as well as of the
useful plants indicated in the codices and early
studies carried out by Europeans in America, on
the one hand, with those plants currently used in
traditional communities and in commercial agri-
cultural production, on the other. The close rela-
tionship existing between the diversity of flora,
useful plants and native crops must always be
kept-in mind.

In traditional societies, especially, plants are
not cultivated individually but in complex agro-
nomic ecosystems. Although one or more plants
are the central agricultural objective (maize,
beans, gourd, potato, peach-palm or pejibaye),
many others are also used: therefore, in order to
evaluate the displacement of useful plants
brought about by the conquest, it would also be
necessary to consider the damage suffered by
pre-Hispanic agricultural systems and the mar-
ginalization of many plants that were used in
earlier times as a result of the destruction of
hydraulic infrastructure, the annihilation of
local populations, the development of livestock
rearing, etc.

DEGREE OF MARGINALIZATION OF
AMERICAN PLANTS

From the literature on the exploration, conquest
and colonization of America by the Iberian coun-
tries, it is not clear whether the introduced crops
that displaced the existing ones were imposed
immediately and extensively. Moreover, in the
sixteenth and seventeenth centuries there does
not seem to have been a profound transformation
of American agriculture. Indeed, according to
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recent studies, no proof has been found to suggest
that the production of plants such as amaranth,
clearly intended for religious and idolatrous uses
and therefore contrary to the ideas that were
being imposed, stopped as a result of specific
prohibitions.

The introduction of plants from the old conti-

nent began in 1493 with the second voyage of

Christopher Columbus. For many, the Antilles
served as a centre of adaptation and dispersion.
Hernan Cortés, in the Cuarta carta de relacién a
CarlosV,requested that every ship “should carry
a quantity of plants and should not set sail with-
out them because it will be a great thing for the
population and its perpetuation”. The introduc-
tion of plants and animals established the basis
for colonization.

With a few exceptions (banana, sugar cane,
mango and others), the Spanish brought Mediter-
ranean crops which could only adapt to the high
temperate zones of America. These were densely
populated areas which were supplied with Span-
ish products cultivated in adjoining regions.

Monasteries served as acclimatization centres
for European plants which, in some cases, ex-
panded further and were grown in the new pro-
ducer areas. One advantage of the introduced
crops was that they could be used in cold areas
where mild frosts were recorded in the winter
periods. Many crops of the Old World were
maintained on small plots such as those of the
religious orders who, through their monasteries,
were the first to introduce agriculture based on
non-American species. The indigenous commu-
nities maintained this tradition in their family
fruit and vegetable gardens and on their cultivat-
ed land. Several colonial historical sources ex-
plained the ecological and social alterations
brought about by the introduction of new crops
and livestock into the indigenous agriculture and
economy. It was customary and a very common
practice among the indigenous populations to

mix introduced crops with native crops. Conse-
quently, the biodiversity and abiotic elements of
the ecosystem were protected.

In the documentation on tributes, encomien-
das,' allotments and haciendas, only isolated
cases are mentioned in which the seeds of crops
from the Old World were handed over. In colo-
nies directed from the Iberian Peninsular, we
know of attempts by the Spanish crown to intro-
duce such crops as wheat, barley, rye, olive trees
and sugar cane. Except for the latter case, which
was an important economic stimulus, these crops
seemed to fare no better than American products.
It actually proved more efficient and convenient
to pay homage with indigenous products than
with exotic products.

Wheat, for example, was sown on maize fields
or close to land given over to livestock. In the
Caribbean or on tropical lowlands, it prospered
only occasionally while, in areas with a long
agricultural tradition, such as the Andean high
plateau and Mesoamerica, it did not manage to
displace maize — which it did, however, on bor-
derlands inhabited by hunters and gatherers.
These zones were found in semi-arid or arid areas
where the climate was favourable but labour was
difficult to find, since such zones were sparsely
populated and their inhabitants were nomads
who lacked an agricultural tradition. Hence, for
the most part these areas were populated with
indigenous people from other regions and Euro-
peans. The olive- and vine-growing areas were
similar in character. These crops, like many from
the Old World, were introduced by religious
orders in the middle of the sixteenth century.
Some crops that were important for the Spanish
economy were imported into America in later
periods with negative results for the mother
country, as occurred in New Spain with indigo,

'Land and inhabitants granted to Spanish colonists by
royal decree.
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flax and hemp which were unable to become
established.

Most of the crop displacement seems to have
taken place in modern times, especially since the
second half of the nineteenth century, by which
time the former Spanish and Portuguese colonies
were independent countries and capitalism and
commercial agriculture were expanding.

It is interesting to note that 500 years after the
discovery of America, in the pre-Columbian tra-
ditional agricultural regions of the highlands
(Mesoamerica and the Andean region), Euro-
pean crops do not display the qualities normally
attributed to them and by virtue of which their use
has been advocated for centuries. On the contra-
ry, their failure to adjust to the climate, their
susceptibility to pests and diseases, the competi-
tion with native products, their insufficient qual-
ity, low acceptance by the aboriginal populations
and, more recently, their poor compatibility with
industrial products are factors which have dis-
couraged their exploitation, thereby emphasizing
the marginal or non-existent role frequently
played by exotic plants in local production.

The situation is very different in the sparsely
populated arid and semi-arid borderlands where
colonization principally began in the seventeenth
century. Here, livestock production as well as, to
a lesser extent, the cultivation of European cere-
als and - although only exceptionally — vines and
other introduced crops, were converted into ma-
jor activities, thus resulting in a countryside sim-
ilar to that of the Iberian Peninsula.

The history of agriculture in the tropical areas
after the conquest consists in the struggle of pre-
Hispanic crops and the traditional agricultural
systems — especially slash-and-burn clearing —
against livestock production and plantations, re-
gardless of whether the commercial Crops were
native or introduced (sugar cane, cotton, prickly
pear for cochineal, and then coffee, banana,
henequen, tropical fruits, stimulants, etc.).

No substantial advances are evident in the
development of agricultural technology as re-
gards the methods and instruments that arrived in
America from the end of the fifteenth to the
middle of the sixteenth century. From the time of
colonization to the present, both the mimning cen-
tres and the urban centres have demanded pre-
dominantly American products. In American
countries with a strong indigenous influence
there may be vast expanses devoted to introduced
crops, but native flora and crops also play a
considerable role.

In areas that formerly had dense Indian popula-
tions, there is in the best of cases a syncretism
between the pre-Hispanic agricultural traditions
and those of Iberia, resulting in a mixture of
products of local and European origin for use in
food, clothing, medicine and ceremonies.

CAUSES OF THE MARGINALIZATION OF
USEFUL PLANTS

Marginalization is a complex phenomenon that
requires a multidisciplinary analysis: however,
its general causes are biological, agricultural,
cultural and economic in nature.

Biological and agricultural causes
Agricultural methods. Plough and draught ani-
mals were the most revolutionary introductions
to agriculture, since they enabled it to expand
through wide fertile areas of heavy soils such as
El Bajio and many valleys of northern Mexico.
New 1nrrigation facilities also appeared.

Another fundamental innovation was the in-
troduction of livestock. With European coloniza-
tion and extensive interbreeding, vast areas
based on the practice of hunting and gathering
were transformed into agricultural-livestock
zones, which most certainly caused the marginal-
ization of plants that were gathered in earlier
times by hunters who were in large measure
exterminated.
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The introduction of many plants was accompa-
nied by a technology to facilitate their cultiva-
tion, either because of the specific agricultural
practices they required or because their care de-
manded less time. These qualities were generally
not found in native crops, which needed a great
deal of attention and were labour-intensive.

The American Indians liked to experiment and
use many plants and they therefore tended to-
wards mixed cultivation. The result was that
several introduced crops were combined with
native crops, especially on family vegetable
plots. The Indians also favoured ecological
complementarity, in other words cultivation in
different environments.

Length of life cycle. Owing to the climatic differ-
ences with the Iberian Peninsula, in the majority
of the different regions of America it was impos-
sible to adapt perennial species, in spite of the
repeated efforts to introduce the vine, olive tree,
fruit-trees and other arboreal species. Instead, in
various areas and from early times green vegeta-
bles and other short-cycle herbaceous plants in-
troduced by the Europeans prospered. This
allowed the sufficient cultivation -- especially
during the cold season — of such crops which
were of limited availability in America. It was
possible to introduce without too much difficulty
small-grain cereals, rice and other annual crops

with an average cycle.

Adaptation of introduced crops. The distribu-
tion and unit yield of the world’s current major
crops show that domesticated plants frequently
reach their optimum yield in a place that is very
different from its origin. It is sufficient to consid-
er the development in Latin America of crops
such as coffee, banana, citrus fruit, soya and
various grasses. This phenomenon can be ex-
plained by the initial absence of pests and dis-
eases in the place where they have been

ntroduced. The neglect of American native
plants became more acute in the nineteenth cen-
tury and was basically due to socio-economic
causes and, to a lesser extent, the failure of vari-
eties originally introduced to adapt. Only when
these plants had developed under domestication
were they able to expand extensively. Proof of
this is the existence of specific American eco-
types of many of the plants introduced, which
have played a fundamental role in production and
in local plant improvement programmes.

Major obstacles had to be overcome to intro-
duce crops even into areas very similar to those of
southern Spain, aregion which was of fundamen-
tal importance in the transfer of a Mediterranean
agriculture to America. There were enormous
difficulties in acclimatizing barley, wheat, vine,
olives and fruit-trees in locations with a climate
very similar to that of Andalusia and Estremadu-
ra or southern Portugal, whose biological and
social conditions were very favourable. When
New Spain became independent, European crops
were already well established in this part of
America.

Nowadays, chemical synthesis has displaced
some natural products: synthetic vanilla has
caused a reduction in the cultivation of vanilla,
for instance, while synthetic anilines have re-
placed erythoxyline, derived from campeachy

wood.

Cultural causes

The pre-Columbian indigenous societies had
managed to meet a certain amount of their re-
quirements in food, clothing, health and tools,
etc., so the adoption of some European products
and the consequent abandonment of native prod-
ucts took a long time. Even at present it frequent-
ly happens that indigenous communities mainly
resort to native plants, while they grow intro-
duced plants or rear livestock for the market or
for food on special occasions. Rather than dis-
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placing the use of American products, the adop-
tion of European products has complemented
them in gastronomy, medicine and religious cer-
emonies, for example, which are generally the
result of cultural syncretism.

The colours and flavours or textures of the Old
World’s plants satisfied the indigenous commu-
nities’ demands. In several parts of America,
vegetables introduced by the Europeans were
assimilated very easily. Indeed, certain non-
American plants contained colours with a sym-
bolic importance and, moreover, coincided with
the food habits of the indigenous peoples.

An important cultural factor was the role of the
African cultures and their effect on agriculture:
the slave trade brought crops of African and
Asian origin, for instance.

Catholicism was integrated into various Amer-
indian religious currents, which explains why
exotic and native plants were grown to meet the
requirements of the indigenous Catholic ritual.
Religious orders encouraged the introduction of
crops; the use of American magical plants or
amulets was prohibited and they were replaced
by European ones. Utilizing Old World plants,
using horses, carrying a sword or dressing in a
BEuropean way were cultural signs which con-
ferred prestige. These uses and habits mainly
influenced the indigenous nobility, such as local
rulers or traders.

Economic causes

Most frequently, the reasons for the neglect of a
native or introduced species that was ecological-
ly and agriculturally adapted to a region were
socio-economic. Underdevelopment was one of
the main reasons for the existence of many ne-
glected species on the subcontinent. The low
purchasing power of the vast majority of the
population diminished the market of many prod-
ucts, which subsequently disappeared or were
marginalized. This does not mean that economic

development necessarily leads to a more diversi-
fied agriculture. Rather, with the economic im-
provement of a region or country, or with their
entry on to the international market, some mar-
ginalized plants, whether native or introduced,
may be converted into major crops (prickly pear
for the cochineal berry, indigo, cereals, fruit-
trees, henequen, etc.). The transformation of tra-
ditional agriculture into commercial agriculture
generally results in the specialization of produc-
tion, with the cultivation or utilization of many
species being abandoned. The paradox of under-
developmentis that it prevents certain crops from
finding an adequate market, which is why they
are kept by the Indians to meet possible personal
or collective needs. However, with economic
development some of these neglected plants do
find a market, or their market is widened, while
many others disappear and various crops that
were previously important may even become
marginal owing to the monetarization and prole-
tarianization of the peasant farmers.

Economic and agricultural transformations are
related to factors such as considerable changes in
the size and distribution of the population; the
development of infrastructure (especially com-
munication routes, irrigation and produce stor-
age systems); land occupancy, the marketing of
products and agricultural inputs; industrializa-
tion; the financing of production; and consump-
tion patterns.

It is known that after the conquest there was a
collapse and partial relocation of the population
in Latin America, which certainly brought about
changes in the plants used. The demographic
upset was not only quantitative, as it particularly
affected the indigenous aristocracy who were the
repository of the culture and, therefore, of the use
of many plants for specific purposes such as
medicines, rituals and decoration. Until the sev-
enteenth century, the population made no signif-
icant recovery and colonial cities developed in
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old indigenous regions as well as around congre-
gations, missions and mining centres. Until then,
there was an accelerated development in intro-
duced crops, above all to meet the demands of the
population of European and mixed origin.

A key to understanding the slow adoption of a
European lifestyle in America is to consider the
low number of the white population, compared
with the millions of the native population. The
tormer is estimated to have been 849 000 around
1650, while the indigenous population is calcu-
lated to have been 10 035000 and the black,
mixed and mulatto population 1 527 000.

The conquest and colonization resulted in the
partial destruction of many hydraulic works,
medicinal plant gardens, schools, etc., which pos-
sibly caused the marginalization of many plants
without their immediate replacement by other
European plants. The building of infrastructure
was only significant at the end of the sixteenth
century. In the area of botany, Francisco Hernan-
dez collected and studied Mexican plants be-
tween 1570 and 1577. Under the Bourbons,
science and technology received a great impetus
and Spanish botanical expeditions to America
were organized, although these seem to have had
little effect on agriculture and the plants used.

Changes in land occupancy are fundamental to
an understanding of the marginalization or ex-
pansion of certain plants. However, it is known
that the motive behind the expropriation of indig-
enous land was generally not to turn it over to
exotic crops, but rather to oblige payment for the
hire of native products or services and to channel
labour forcibly towards mining, livestock rear-
ing, building, etc. However, the Spanish and
Portuguese crowns were obliged, because of
their own interests, to limit the expropriation of
indigenous communities’ lands and, in doing so,
they protected agricultural traditions while also
halting the marginalization of native plants.

The expansion of livestock rcaring led to very

profound changes in land use. It brought fodder
and crops such as wheat, barley and rice. A great
deal of land was originally devoted to livestock
rearing and then to the farming of introduced
plants. These changes are well documented in
both South and North America as well as, to a
lesser extent, in the Caribbean.

The marketing, industrialization and financing
of agriculture were limited during colonial settle-
ment, so they did not have much influence on the
choice of plants grown. Tribﬁtes, taxes and reli-
gious contributions certainly had an effect on the
changes in cultivation patterns, particularly
when they were demanded in coin. However,
payment in kind with native products was gener-
ally permitted.

The policy of the Spanish and Portuguese
crowns on colonization made it obligatory by
royal decree for colonists to take plants from
their region to the New World (Santa Fe de
Bogotd, Puebla de los Angeles, Huancayo etc.
were places in America where this type of oblig-
atory introduction was practised). Cities were
thus created which imitated as far as possible
those of the Iberian Peninsula.

CONCLUSION

The situations presented here are the most mani-
fest; through the period of discovery, conquest
and colonization, Latin America experienced an
evident case of agricultural cross-breeding, al-
though each region responded in different ways
to the arrival of plants from the Old World. One
only has to reflect on the elimination of indige-
nous populations; epidemics and famine are well
documented for the three main vice-royalties:
New Granada, Peru and New Spain. European
agronomic culture did not develop in major sec-
tors of the indigenous population, except in small
areas where there was no culture with an agricul-
tural tradition or in those where the population

accepted the changes with ease.
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TABLE 2 Plants marginalized as a result of Old World crops

Species

Common names

ARID AND TEMPERATE ZONES OF NORTH AMERICA

Asimina triloba

Cyriocarpa procera
Diospyros virginiana
Gossypium hopei
Helianthus tuberosus
Myrtillocactus geometrizans
Opuntia spp.

Panicum sonorum
Phellopterus montanus
Photinia arbutifolia

Ribes grossularia

Papaw, pawpaw

Chupadilla, jocote
Persimmon, kaki

Arizona cotton

Jerusalem artichoke
Garambullo

Prickly pear, tuna

Arrocillo

Gamote, pastinaca de monte
Holy fruit (fruta santa)

Gooseberry

TROPICAL LOWLANDS AND THE CARIBBEAN

Aniba roseodora
Annona cherimola
Annona muricata
Annona reticulata
Calathea allouia
Dioscorea trifida
Helicornia bihai
Malpighia glabra
Maranta arundinacea
Monstera deliciosa
Pachyrhizus erosus
Platonia insignis
Pouteria campechiana

Xanthosoma sagittifolium

Palo rosa

Cherimoya, cherimoyer, chirimoyer, custard apple
Soursop, guanabana, graviola

Bullock's heart, sugar apple, custard apple
Topinambour, topitampo, topi-tamboo
Cush-cush, yampi yam

Platanillo or “wild banana”

Acerola, azarole

Arrowroot, Bermuda arrowroot

Ceriman, cheeseplant

Yam bean, manioc bean, jicama

Bacury, bakuri guiana orange

Canistel

Tannia, tania, yautia, new cocoyam

MESOAMERICA

Amaranthus hypochondriacus
Bixa orellana

Byrsonima crassifolia
Casimiroa edulis

Crescentia alata

Prince’s feather

Annato, arnatto, roucou, achiote, bixa

Nance, golden spoon

White sapote, Mexican, casimiro apple, matasano apple

Cirian, tecomate
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TABLE 2 (cont.)

Species

Common names

MESOAMERICA (cont.)

Cucurbita ficifolia
Dabhlia excelsa
Diospyros digyna
Indigofera suffruticosa
Manifkara zapota
FPhaseolus acutifolius
Pouteria sapota

Spondias mombin

Cidra, sidra, chilacayote, Malabar gourd

Dahlia

Black sapote, Indian ebony persimmon

Anil, indigo plant

Sapodilla (plum}, chiku, chicle, naseberry, beef apple
Tepary bean

Sapote, marmalade plum, mammee zapote

Yellow mombin, jobo, tapereba

ANDEAN REGION

Arracacia xanthorrhiza
Bertholletia excelsa
Canna edulis

Fragaria chiloensis
Lepidium meyenii
Oxalis tuberosa
Passiflora ligularis
Solanum phureja
Tropaeolum tuberosum

Ullucus tuberosus

Arracacha, apio, Peruvian parsnip

Brazil nm, Para nut

Achira, Queensland arrowroot, tous-les-mois
Pine strawberry, pineapple strawberry

Maca

Oca

Sweet granadilla

Andean potato (papa andina)

Mashwa, anu

Ullucu, oca quina

The process of marginalization in the nine-
teenth century was no clearer; the agricultural
pattern remained constant in spite of the collapse
of the dominant population sector. The inde-
pendent Latin American countries depended on
other nations looking for commercial products;
the United Kingdom, France, Germany and the
United States dominated the agricultural sector.
The plants cultivated were those demanded by
the growth of modernization, which caused a
greater specialization but left room nevertheless
for American crops of which the agricultural
landscape was previously composed.

Faced with the current ecological crisis, it is
not surprising that the countries advocating re-
ductionist policies in the handling of germplasm,
which are the same countries that brought about
the marginalization of crops, should be the first to
want to restore biodiversity.

Consideration is now given to how several
crops were wiped out, mainly in areas where
populations and indigenous cultures disap-
peared; it is worrying that, in the tropics, deserts
or temperate zones, not even the peasant framers
have any recollection of certain plants that were

once cultivated.
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Domesticated plants and neglected crops

“In southern Mexico and Central America,
the plant researcher finds himself, in the full
sense of the term, in a veritable centre of
creation.”

(Vavilov, 1931)

Mesoamerica was defined by Paul Kirchoff in
1943 as the area of influence of Mexican cultures
in the pre-Columbian era. Its boundaries are of
course wide: the basins of the rivers Pdnuco and
Santiago mark its northern limit while its south-
ern border runs from the Atlantic coast of Hondu-
ras along the Pacific slope of Nicaragua and the
Nicoya peninsula of Costa Rica. In addition to
being a cultural region, Mesoamerica is one of
the areas of origin of agriculture, comparable
with the Near East, China and the Andean region.
Vavilov considered it to be the continent’s most
important “centre of origin” —nowadays referred
to as centre of genetic diversity.

PHYSICAL GEOGRAPHY

AND HUMAN OCCUPATION

Mesoamerica is a region of complex physical
environments. Starting from the centre of Mexi-
co, two mountain ranges stand out. They are the
Sierras Madres, which run parallel to either coast
and extend along other mountain axes, some of
them with very active volcanoes, from the centre
of Mexico to Panama. Between the ranges in
Mexico, there are extensive, fairly flat and dry

The author of this chapter is J. Ledn (San José, Costa
Rica). :

in Mesoamerica

areas rising up to the central valley. Towards the
southern end of the region, there are intermoun-
tain depressions and valleys which are intersect-
ed by rivers. The result is a very complex relief.
Between the ranges and the coast, alluvial plains
and the Yucatdn peninsula spread out over lime-
stone rock.

Mesoamerica’s position, between the Tropic
of Cancer and lat. 10°N places it in an area
affected by great climatic forces originating in
the surrounding oceans. The interaction of the
climatic elements, latitude and relief creates a
variety of environments, ranging from the coast-
al plains of the Atlantic, with a precipitation of
3000 to 5000 mm, to the semi-arid areas of
Mexico. The region is principally divided into
zones with continuous humidity on the Atlantic
slope and zones with alternating seasons, includ-
ing a dry period, on the Pacific slope. This period
corresponds to the northern winter, which the
Spanish called summer. The area with alternat-
ing seasons, which stretches from the Pacific
coast to the mountain heights, was the first to be
occupied by humans and is still the area with the
greatest population density.

The plant cover is also very varied in Meso-
america since the elements of northern origin
— pines reach as far as Nicaragua, for instance —
merge with South American species, many of
which have penetrated deep into the lowlands of
both slopes in Mexico. Under these conditions,
isolation and selection have naturally created a
high level of biological diversity and consequent

endemism. As in other tropical areas, the main
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landscapes are determined by the interaction of
climate and relief, soil factors being of lesser
importance.

The current landscape of Mesoamerica is de-
fined by human occupation. In general, it gives
the impression of a rather dry, highly eroded
region, with original plant cover localized in
small isolated spaces. Of the subdeciduous for-
est which covered the region from Sinaloa to
Guanacaste, only small areas remain, some in
Mexico and others in Costa Rica. In most of the
countries, the agricultural boundary has broken
down and the humid tropical forests are being
reduced at such a rate that within ten to 20 years

they will have disappeared.

PAST CULTURES

The first inhabitants of Mesoamerica were immi-
grant groups from the north who advanced to-
wards South America and formed small nomadic
communities about 25 000 to 40 000 years ago.
The first traces of utensils appear about 18 000
years ago and the first culture known was that of
the Olmecs, a conglomeration of populations
which extended from the coastal plains of the
Gulf of Mexico to the highlands. A series of
cultures, which occupied different areas and had
separate periods of development, succeeded one
another in Mesoamerica. There are remnants of
their complexity and origins in the indigenous
languages, which appear to be ancient and pro-
found ramifications of a few basic stocks of
North American origin. Some of the successive
cultures became fully developed, progressing
from settlements to empires. When the Spaniards
arrived, Mesoamerica was not dominated, as
were the Andes, by a hegemonic power. The
Aztec empire coexisted alongside tiny indepen-
dent tribes but the Aztecs were the chief power
and their language, Nahuatl, virtually became a
lingua franca throughout Mesoamerica. Plants,
equipment for their cultivation and use and even

soil types had Nahuatl names which were used
from Sinaloa to Costa Rica, and some beyond the

frontiers of Mesoamerica.

AGRICULTURAL SYSTEMS

Agriculture was the basis of the Mesoamerican
civilizations. It is estimated to have taken centu-
ries to develop and its final stage — which became
known to Europeans in 1500 — 1s thought to have
been the result of an accumulation of practices
and materials invented and perfected by the var-
ious cultures that had survived wars, famines and
natural disasters. It cannot be assumed that this
result was a linear process; it must have taken
shape slowly in centres of economic and political
power, expanding or contracting according to the
fate of the human groups. Efforts to improve
crops and invent production and utilization prac-
tices were undertaken more or less continuously
and were perhaps safe from many hazards be-
cause activities were in the hands of farmers, who
were the least affected by power changes.

From gathering plant products, people went on
to protecting and cultivating certain plants. It 1s
thought that fruit-trees, which supplied a good
part of the produce gathered, were also the first
species to be protected and cultivated. During the
expedition to Honduras, the Spaniards of Cortés
managed to survive thanks to the sapodillas
which they found in the forest. One could ima-
gine that the primitive seed plantings were simi-
lar to the ones that can still be seen in the plots of
houses in some parts of Chiapas and Guatemala.
These plots are a mixture of fruit-trees, edible
and medicinal plants, cocoa and ornamental
plants, sown and harvested without any order
under native trees which serve no other purpose
than to provide fuel and shade. There is nothing
to indicate that selection was practised under
these conditions, nor that the types chosen were
sown. In dry regions, primitive sowings could
have been based on plants that produce seeds and
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require clean soil to grow. Eventually, the system
of slash-and-burn clearing developed, and this is
practised in all regions, especially those with
alternating seasons.

Another line of development was the control of
soil humidity. Irrigation dates back to ancient
times in Mesoamerica and, in the central valley
of Mexico, it was practised over very extensive
areas using different systems. They did not reach
the point of constructing engineering works as in
Peru, but they did manage to cover sufficient
areas to supply the big urban centres of Teoti-
huacdn and Tenochtitldn. Major irrigation devel-
opment began in the colonial period with the
cocoa plantations, which extended this crop to
new areas such as the Pacific lowlands as far as
Sinaloa. In an opposite process, drainage systems
for wet soil were invented, based on the construc-
tion of terraces. The most spectacular were the
chinampas of the valley of Mexico, now reduced
to a tourist attraction. They made a considerable
contribution to Mexico City’s food supplies be-
fore the conquest and during the colonial era. In
the low-lying lands of Campeche and Veracruz,
terraces were used from the time of the early
cultures and were also developed on the lowlands
occupied by the Mayas.

The development of agricultural systems de-
pends to a great extent on labour implements and
the availability of animal traction. Mesoamerica
did not make a special contribution to either of
these, however. Only the most primitive farming
equipment was known: the coa, a pointed stick
for sowing seed, was in general use; in Mexico,
coas and bronze spades were invented while, in
other parts of the region, large shells were used
for this purpose but no tillage implements were
developed as they were in the Andes. The com-
plete lack of draught animals was characteristic
of the entire New World. Human resources pro-
vided the necessary energy while slavery, wheth-
er concealed or evident, enabled the dominant

groups to acquire food, clothing and adornments
through tributes. Regarding cultivation systems,
methods and equipment, Mesoamerica did not
contribute any new or special item that was not
already known in other agricultural systems.
Among the Mesoamerican agricultural sys-
tems, that of the Mayas has received most atten-
tion. Much has been written in an attempt to
understand how, in an extremely unfavourable
environment with very poor soils and very abun-
dant or scarce rainfall, a culture could develop
whose advances in mathematics, astronomy and
architecture were superior not only to those of
other pre-Columbian cultures, but also contem-
porary European and Asian cultures. The con-
struction of major urban centres must have
required a great number of workers, and the
subsistence of the latter and of the ruling classes
cannot be explained satisfactorily by the region’s
current agricultural production system. Although
partial theoretical explanations have been put
forward, the question is still far from being re-
solved. It is known that the Mayas depended on
three basic products — maize, beans and gourds —
as well as minor products, all of which were
Mesoamerican. It has been argued, without any
reliable evidence, that it was they who domesti-
cated cocoa, although it has been proved that they
prepared a kind of chocolate. Two other plants
used and probably sown were Brosimum alicas-
frum (breadnut or ramoén) and Talisia spp., both
fruit-trees. When the Europeans arrived, the
Mayan culture had disappeared almost complete-
ly. Their descendants, particularly in Yucatdn,
practise a system of agriculture that does not
seem to have changed much since the classic era.

DOMESTICATED PLANTS

It would be too academic an exercise to classify
the plants of Mesoamerica according to their
process of domestication into tolerated, cultivat-
ed and domesticated species as if these were
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distinct categories because plants occur in all the
intermediate states as well. It has not been possi-
ble to identify the factors that allowed their do-
mestication, but some must be the same that
favoured domestication in the Near East, South-
cast Asia or China. On many occasions it has
been stated that this process occurred at more or
less the same time throughout the world but that
it was slower in Mesoamerica.

The information available on domestication
covers aspects such as botany (the existence of a
great species diversity and of wild relatives),
archaeology (plant remains, representations or
mmpressions on utensils) and history and lin-
guistics (documents, names in indigenous
languages). Archaeological proof carries the
greatest weight but is restricted to those species
and regions whose conditions have favoured the
preservation of organic remains and therefore
allowed a correct identification and reliable dates
to be given. Consequently, the information de-
rived from archaeological evidence in Meso-
america and in other regions of primitive
agriculture must be gathered within these limits.
Excluded are those species which do not preserve
well and areas of high humidity which, according
to Vavilov, might have been those with the oldest
forms of agriculture.

Although Mesoamerica did not make any val-
uable contributions to cropping systems, in the
domestication of plants its place is comparable to
that of any other region, both in the number and
importance of species domesticated. It is an abso-
lute certainty that maize was domesticated in
Mesoamerica and that, from the time when agri-
culture was first practised (about 3 000 years
ago), it already formed part of the earliest pro-
duction systems along with a species of Cucur-
bita and Capsicum. With regard to maize,
archaeological evidence discovered by Mac-
Neish in Tehuacan, central Mexico, constitutes

the most complete proof of the local cvolution of

a crop. In Mesoamerica, numerous variants or
races were developed which adapted to almost all
environmental conditions, from sites with high
humidity and temperatures to areas at a height of
3 100 m with a cold, dry climate.

Mesoamerica can be credited with having in-
vented the greatest number of ways of cating and
drinking maize products as well as the equipment
and methods for preparing them. Lime was used
to separate the husk from the grain, which in-
creased its protein value and produced a top-
quality food. This was definitely a chance
discovery which was not applied in other regions
of the world. Among the uses of maize in Mexi-
co, in 1520 Herndn Cortés cited the production of
canes “which are as sweet and honeyed as sugar
cane”.

At least three species of Cucurbita originated
in Mesoamerica: Cucurbita argyrosperma, per-
haps the first to be cultivated, which is suited to
altitudes between 0 and 1 500 m; C. moschata,
the most common and useful, which is found
between 300 and 1 500 m, and C. pepo, which is
less important in Mesoamerica than in Europe
and the United States and which grows up to an
altitude of 2 000 m. A fourth species, C. ficifolia,
is eaten in a different way from the others and
may also originate in Mesoamerica.

Among the cucurbits, two species of Sechium
are also grown: Sechium edule (chayote), whose
fruit, roots and tender stems are eaten and whose
distribution is very wide in the American tropics
(its centre of origin is Mexico and Guatemala);
and S. tacaco, although this is restricted to 1ts
original area, the highlands of Costa Rica.

The tomato (Lycopersicon esculentum) was
first known in Mexico, where it was described in
detail by Francisco Herndndez around the period
1571 to 1577. It was not of great importance as a
vegetable, as it was an extra plant in the maize
fields, although its fruit was the size of modern

varieties.
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A vegetable with a similar use is Physalis
philadelphica, commonly called tomato or husk-
tomato in Mexico; it is also grown in Guatemala
and a few varieties of it are preserved.

The Mesoamerican species of chili, Capsicum
annuum, from which peppers are derived, has
wild populations and a very broad varietal diver-
sity in this region.

The common bean, Phaseolus vulgaris, ap-
peared about 5 500 to 7 000 years ago in central
Mexico where wild populations of it abound, but
intensive cultivation of it began between the first
and seventh centuries. P. coccineus, a perennial
species of high ground, was already to be found
in Mexico about 2 200 years ago; another very
similar species, P. polyanthus, is grown together
with P. coccineus; and P. acutifolius, which was
grown about 5 000 years ago in Tehuacan, ex-
tends from the United States to Costa Rica.

One of the main crops of pre-Columbian
Mexico was Amaranthus hypochondriacus,
whose seeds were eaten in the same way as
cereals. Another species cultivated, especially in
Guatemala, is A. cruentus.

Native roots and tubers have not been impor-
tant in Mesoamerican agriculture. The yam bean
(Pachyrhizus erosus) is an ancient crop which is
nowadays very widespread. The potatoes of
Mexico’s highlands, of great value as an energy
food, produce small edible tubers but are not
cultivated.

Cacao (Theobroma cacao), which is found
growing wild in southern Mexico, was possibly
domesticated in this region where there are aber-
rant varieties, and its pre-Hispanic cultivation
did not go beyond the present frontier between
Costa Rica and Panama.

Upland or hairy cotton (Gossypium hirsutum)
is the most extensively grown fibre plant; one of
its centres of domestication seems to have been
the Gulf of Mexico and archaeological remains
in that country indicate that it was known about

5500 years ago. Other fibre plants, today re-
placed to a great extent by synthetic fibres, are
henequen (Agave fourcroydes), sisal (A. sisala-
na), A. angustifolia var. letonae of El Salvador
and several species of Furcraea.

Of the leaf vegetables, mention should be
made of Crotalaria longirostrata, Solanum
americanum, S. wendlandi, Cnidoscolus chaya-
mansa, Chenopodium berlandieri spp. nuttalliae
and Opuntia leucantha, which are eaten fresh or
cooked, as well as the tender stems of Cucurbita
and Sechium species. The inflorescence of
Chamaedorea tepejilote (pacaya) is a widely
consumed item in Mexico and Guatemala, but its
cultivation is still limited to kitchen gardens. The
chayote (Sechium edule) is used for its fruit, roots
and tender stems.

Probably the majority of domestications has
occurred with fruit-trees. Archaeological re-
mains of some of them exist, although it is not
known with any certainty whether they were
gathered or cultivated. Annona diversifolia,
A. reticulata and A. scleroderma are natives of
Mesoamerica and wild populations of some of
them are known; Casimiroa edulis is cultivated
from sea level up to 2 500 m; archaeological
remains dating back 5 000 years have been
found. This is a complex species because of its
different local populations. Couepia polyandra
and Diospyros digyna, exhibiting numerous vari-
eties, grow wild from Mexico to Costa Rica and
also date back about 5 000 years. Inga jinicuil
and /. paterno originate from Mexico and El
Salvador, respectively. Licania platypus is found
from Mexico to Panama; Manilkara zapota, with
numerous varieties, is now grown in all tropical
areas. Persea americana, the avocado pear, is
one of the fruits which, in Mesoamerica, are
grown at any altitude between 0 and 2 500 m:
wild populations of this plant still exist. The
following also grow: Parmentiera edulis, Persea
schiedeana, Pouteria campechiana, P. sapota,
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the sapote and a related population, P. viridis:
Pouteria hypoglauca, Prunus capuli, Psidium
friedrichsthalianum and Spondias purpurea,
with many varieties and uses. In Mexico, there
are numerous wild cactus species whose fruits
are gathered and there is an incipient cultivation
of a few species.

Spices and condiments include Capsicum an-
nuum and C. frutescens; Pimenta dioica, which
grows wild from Mexico to Costa Rica and
whose cultivation dates back to ancient times;
Vanilla planifolia, produced more outside the
region; and Fernaldia pandurata. Some spices
are obtained from semi-wild plants, such as Cym-
bopetalum penduliflorum, chufle (Calathea sp.)
and Quararibea funebris.

Fermented drinks (pulque) or fresh drinks (ma-
guey juice) were known in the pre-Columbian
period and are obtained mainly from two species
of Agave, A. salmiana and A. mapisiga. The
origin of the preparation of distilled drinks (mes-
cal, tequila) obtained from A. ftequiliana and
other species also dates back to that period.

There are a great number of medicinal plants,
most of which are in the early stages of cultiva-
tion. Mesoamerica’s most recent contribution
has been the Dioscorea species which is used for
the production of diosgenin-cortisone and is
grown for this purpose in Mexico.

No less important are ornamental plants. The
Spanish found gardens in Mexico similar to those
of Europe and, in the centuries following the
conquest, numerous species of orchids and bro-
meliads from Mesoamerica have been grown in
Europe and the United States. A group of Com-
positae, Ageratum, Cosmos, Dahlia, Tagetes and
Zinnia, which were cultivated in the region from
the pre-Hispanic period, have been intensively
selected in Europe and the United States. Wild
populations are to be found of all of these genera
as well as of Tigridia, Zephyranthes, Euphorbia

and other ornamentals.

MARGINALIZATION OF CROPS IN
MESOAMERICA

Of the causes which contributed to the neglect
of certain crops, the replacement of a natural
product by a synthetic one has perhaps been the
most drastic. The indigo (Indigofera spp.) agro-
industry, which still has a great commercial im-
portance, has now almost been entirely displaced
by the production of chemical dyes, while Agave
and Furcraea have been replaced by synthetic
fibres. The rubber plant (Castilla elastica),
whose use was already known in pre-Hispanic
times, was a budding crop at the turn of the
century but it was then replaced by a more effi-
cient plant, Hevea brasiliensis, which was in turn
replaced by synthetic rubber.

In food plants, marginalization has been a
longerand less straightforward process. Culinary
preparation and eating habits instilled from
childhood have resulted in the permanence of
these species. However, violent social changes
such as the conquest brought about profound
alterations. Indigenous products were replaced
by introduced products which competed with
the former and were favoured by the prestige
attached to them by the dominant social group.
Indigenous crops were abandoned first of all by
the upper social strata and then by the lower
strata. Only the very poor communities and in-
digenous populations maintain the traditional
crops as well as the methods for handling and
using them.

The change, based on social prestige, occurred
without taking into account the intrinsic value of
the crops, for instance their nutritional properties
or production costs. In El Salvador, a compara-
tive study between native vegetables, such as
chipilin or tachipilin (Crotalaria spp.) and hierba
mora or nightshade (Solanum americanum) and
European vegetables (lettuce, cabbage), showed
the superiority of the former as sources of vita-

mins and amino acids, not to mention that their
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production requires less care and costs for ferti-
lizers and insecticides.

The non-acceptance of a crop because of its
lack of social prestige is reflected in many as-
pects. Growers in Guatemala can obtain credit on
their citrus fruit but not on such a prized local
fruit as the papausa (Annona diversifolia), in
spite of the fact that the latter has a good market.
Moreover, there are no extension services for
native crops, perhaps because a knowledge of
them is part of the heritage of the indigenous
people.

Many foreign technical experts concentrate on
exotic crops and not on native ones, as their
experience, information and extension equip-
ment relate only to the former. On the other hand,
it is frequently foreign anthropologists who draw
attention to native crops and, in particular, to the
processes known to the indigenous communities
regarding their use.

There is one interesting case of marginaliza-
tion, that of huautli or prince’s feather (Amaran-
thus hypochondriacus), which is dealt with in a
later chapter.

Numerous Mesoamerican crops have not ex-
panded beyond limited areas. The chaya or
spurge (Cnidoscolus chayamansa) is cultivated
in Yucatdn and Petén; the ixtlan (Solanum wend-
landi) in southeastern Guatemala; the loroco
(Fernaldia pandurata) in El Salvador; the huau-
zontl (Chenopodium berlandieri) in central
Mexico. There are local studies on agronomic
handling of most of these plants and it is possible
that some might expand to new areas.

The future of neglected crops in Mesoamerica
depends on the combined action of several fac-
tors. One is research on production and handling,
aimed at obtaining superior varieties and im-
proved agronomic practices, especially in pro-
tection against pests and diseases. Another is
establishing reliable and permanent sources of
seeds and other propagating material and making

them available to growers. Fundamental to this
process are agricultural extension campaigns that
show the advantages of the neglected crops over
exotic ones as regards their nutritional value and
ease of production.

These aspects require intensive study and an
evaluation of varieties, traditional production
systems and ways for indigenous groups or rural
workers to utilize the products in order to adapt
them to modern methods. Furthermore, a study
must be made of market conditions and the pos-
sibilities of widening the market to other regions,
while research should be done on the way the
product is presented as well as on the standards
which guarantee the consumer a stable quality
and promote a wider acceptance. The diversifica-
tion of uses in agro-industries will create new
market possibilities and provide a guarantee for
the producer.
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Of the genus Phaseolus sensu stricto, which
includes 55 species, five have been domesticat-
ed. The pre-Columbian peoples grew them for
thousands of years as a main source of protein,
since animals did not have an important role as a
source of food or draught power, particularly in
Mesoamerica.

As early as the pre-Columbian period, the kid-
ney bean (P. vulgaris L.) had gained wider ac-
ceptance and was selected more intensively. The
early chroniclers inform us that, in the Aztec and
Incan empires, great importance was given to
this species and it was used to pay tributes. It
gained even more popularity after the conquest
and, from 1880, with the exception of isolated
studies the work on genetic improvement was
mainly concentrated on this bean. This preferen-
tial treatment was detrimental to the other spe-
cies which are of greater or comparable interest
in modern agriculture, at least in areas that do
not offer optimum ecological conditions for their

development.
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Jeans
(Phaseolus spp.)

The ancestral form of P. vulgaris grows with-
in the boundary between two climatic zones —
subtropical dry and tropical temperate — where
pre-Columbian societies established many set-
tlements, a fact which may explain the accept-
ance of the species. To cover the greater part of
the area occupied (except for certain Andean
regions), the Pre-Columbians domesticated four
other species.

The five ancestral forms were lianas which
grew in different ecological niches. Biochemical
studies have shown how P. lunatus was domes-
ticated in several points of Mesoamerica and
P. vulgaris in the Andes. Except in the latter
region, uniformity in selection pressure led to a
considerable similarity in evolutionary stock.
With the exception of the tepary bean, the asso-
ciation with maize — although it was late in the
Andes — also contributed to this standardization.
The levels of evolution of the five species have
been varied and there is a great potential for
exploitation; for example, as regards the growth
habit in P. polyanthus and the size and colour of
the P. acutifolius seed. The ecological potential
of these species would enable some of them to
be developed even more profoundly than
P.vulgaris.

At a time when the model of an agriculture
which is both sustainable and productive has
been accepted, beans deserve to be given re-
newed attention.
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Phaseolus coccineus
Botanical name: Phaseolus coccineus L.
Family: Fabaceas
Common names. English: scarlet runner
bean; Spanish: ayocote (name of Nahuatl
origin, central Mexico), patol (Mexico
[Zacatecas]), botil (Mexico [Chiapas]),
chomborote, piloy (high plateau of
Guatemala), cubd (Costa Rica)

This species has been cultivated in the high parts
of Mesoamerica for many centuries. In pre-
Columbian Mexico, the people of the Anahuac
cultivated it extensively and ensured its distri-
bution. Its introduction into southern Colombia
(Antioquia and Narifio) and Europe (where it 1s
known as scarlet runner bean and haricot
d’Espagne) could have occurred in the seven-
teenth century before reaching other parts of the
world, such as the Ethiopian highlands. It has
been found in archaeological remains only in
Mexico, in Durango and Puebla, and wild only
in Tamaulipas. Although archaeological infor-
mation is very scarce, it could be assumed that
its Mexican domestication took place in humid
high zones.

Changes in maize varieties (earlier-maturing
and with softer stems) and the use of fertilizers
(for example, urea) and herbicides in maize fields
led to the gradual abandonment of this crop in
eastern Guatemala and in Costa Rica. It is rea-
sonable to suppose that the same is happening in
other areas of its cultivation. Because of its eco-
logical niche, P. coccineus has suffered heavy
competition from exotic crops with a higher con-
sumption and better market, for instance vetch,
broad bean, cabbage, garlic and onion.

P. coccineus has been used in its nuclear area,
particularly for its dry or green seeds. The con-
sumption of young seeds enables the crop to be
expanded to higher altitudes, since the fleshy
root produces a second growth after light frosts

(for example in Huehuetenango, Guatemala). The
root of this legume has medicinal uses in Mexi-
co and the flowers are also eaten. Its gaudy
influorescences may be the reason for its recent
expansion as an ornamental plant in Europe and
the United States. The green pod 1s used as a
vegetable in western Europe and the dry seeds
(white seeds) are eaten in some traditional
dishes.

Botanical description

A pluriannual species of great vegetative vigour,
with stems of several metres (only in a few
modern cultivars are there shrubby forms) which
emerge from a fleshy root, P. coccineus is easily
distinguished by: its large seeds (the weight of
100 seeds is 80 to 170 g and 6 to 12 g for the
wild form) and small, narrow, elliptical hilum;
and its large influorescences (20 cm and in ex-
cess of 20 fruit-bearing stems) with scarlet, white
or, more rarely, two-colour flowers. It carries
out hypogeal germination, has a fleshy root which
is divided and generally fusiform and which al-
lows cotyledonary young shoots to resprout over
several consecutive years. It flowers 50 days
after sowing, with early varieties, or at the start
of the rains, and continues to produce flowers
over a long period, except in the shrubby varie-
ties. In the majority of cases P. coccineus under-
goes cross-pollination, assisted by its extrorse
stigma and nectaries and through the action of
bees and humming birds. Thus far, it is consid-
ered self-compatible.

The seed of wild varieties is dispersed through
explosive dehiscence of the pods during the dry
period. In some wild populations there is a short
latency; the seed’s viability in natural conditions
does not exceed three years.

Ecology and phytogeography
Like P. polyanthus, P. coccineus tolerates high-
er precipitations than other species of Phaseolus



Neglected crops: 1492 from a different perspective

49

FIGURE 3
Beans: A) Phaseolus coccineus; A1) lequme; A2) seeds; B) P. acutifolius; B1) legume; B2) seeds
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(Table 3), provided that the soil has good drain-
age; that is with derivatives of volcanic ash, fine
particles, etc. It grows at cooler temperatures
than other cultivated species and is generally
heliophytic, although it tolerates mists.

Its nuclear area extends from Durango to
Veracruz and Puebla. In Guatemala, it is tradi-
tionally sown on the slopes of the Cuchumatanes
range, on the high plateau of Huehuetenango up
to Alta Verapaz and Sacatepéquez, and in the
highest parts of the rest of Central America.
The wild form of P. coccineus (although unable
to be confirmed as ancestral throughout its dis-
tribution) extends from Chihuahua in Mexico to
Panama, generally between 1 400 and 2 800 m
in the humid high forest.

Genetic diversity

In its wild form, this species displays a great
phenotypical variation in its current state of evo-
lution, in contrast with the other wild species of
the genus (there is some similarity with P. au-
gusti of South America). Wild P. coccineus may
be considered to be a complex of several forms,
now in active speciation, throughout its distribu-
tion range. Some very differentiated forms, such
as P. glabellus, may have become separated,
constituting an early form of a group of which it
is now difficult to distinguish all the variants.
Allogamy is frequent in these plants, and the
crossing of wild and cultivated forms, which
have been displaced by humans, has changed
the speciation patterns. Because of its active
process of evolution, this species complex is not
an easy task for the taxonomist but, by the same
token, it offers great potential for the plant im-
prover.

In addition to a group of four wild forms with
scarlet flowers, mention should be made of an-
other four forms with purple flowers. P. polyan-
thus is a related species at the boundary of the
primary genetic stock of the scarlet runner bean,

since in some cases it can be crossed with the
latter, as in Putumayo, Ecuador or in Imbabura,
Colombia. Likewise, P. vulgaris may be consid-
ered to be at the boundary of the primary genetic
stock of the scarlet runner bean.

There are only a few definite cultivars, partic-
ularly among the climbers; among the indeter-
minate shrubby cultivars, “Patol Blanco” may
be mentioned and, among the determinate shrub
cultivars, “Hammond’s Dwarf”.

There are risks of genetic erosion in areas
where the traditional maize field has been
changed, as some parts of Mexico (Chiapas,
Oaxaca, Puebla and Veracruz), Guatemala and
Costa Rica. Along with maize, the three species
of bean (P. coccineus, P. polyanthus and P. vul-
garis) and gourds were frequently sown in these
areas. In the high plateau of Mexico (Durango,
Zacatecas), the recent spread of the kidney bean
may displace the “patoles” for reasons of cost.

P. coccineus material exists in collections of
germplasm, mainly in Chapingo in Mexico
(INIFAP), Pullman in the United States (USDA)
and Palmira in Colombia (CIAT). The cultivat-
ed material has already been collected to a great
extent, except in some areas of Guatemala (for
example, Quiché), Honduras and Costa Rica,
where it may be already too late to make such a
collection.

For the wild material, it is necessary to collect
around the great cities of Mesoamerica, particu-
larly in the valley of Mexico, since these areas
were a centre of diversity of the P. coccineus
complex which is very rich in forms. Many are-
as still remain to be explored, in view of materi-
al collected compared with the abundant
herbarium material available. The complications
involved in handling these forms ex situ mean
that they need to be conserved in situ.

Cultivation practices

In most of its nuclear area, P. coccineus is sown
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TABLE 3 Selected cultivated species of Phaseolus: altitude, daytime temperature,

mean annual precipitation, duration of growth cycle from start to end of harvest,
yield potential in tropical areas

Species Altitude Temperature Precipitation Growth cycle Yield

(m) (°C) (mmlyear) (days) (kglha)
Phaseolus coccineus 1400 -2 800 12-22 400 -2 600 90 - 365 400 -4 000
Phaseolus acutifolius 50-1 900 20-32 200 - 400 60-110 400 -2 000
Phaseolus lunatus 50 -2 800 16-26 0-2800 90 - 365 400 -5 000
Phaseolus polyanthus 800 -2 600 14-24 1000 -2 600 110 -365 300 -3 500
Phaseolus vulgaris 50 -3 000 14 -26 400 -1 600 70-330 400 -5 000

with maize and other varieties or species
(P.vulgaris, P. polyanthus) following document-
ed practices, since precipitations allow their as-
sociation. In Durango and Zacatecas (Mexico),
under heavy rain conditions it is sown alone,
either in widely spaced rows or broadcast, de-
pending on the type of ploughing. Manual har-
vesting is still common; the pods are gathered
and left to dry in the sun before being beaten and
the seeds are stored in sacks.

Estimation of the yield in cultivated fields is
difficult, since farmers intercrop P. coccineus
with other beans or harvest it periodically. It
produces 400 to 1 000 kg per hectare in the shrub-
by forms while, for climbing varieties, the yield
can be much higher (Table 3). In the United
Kingdom, for crops with young pods, more than

23 tonnes per hectare have been recorded.

Prospects for improvement
The scarlet runner bean has been used on many
occasions for improving the common bean but
only in very few cases has its own improvement
been addressed, although specialists agree on
the hardiness of the species against several fun-
gi, bacteria and viruses.

The delayed production of climbing forms may

be considered a limitation. The number of shrub-

by forms is not sufficiently high (especially of
those with white seeds) and several of them
have a low yield. Not all colours and seed stocks
exist in these varieties, and this is particularly
the case with shrubby forms. Floral abscission
can at times be considerable — perhaps because
of the lack of pollinators — and causes yield
losses.

Many cultivars root easily and can be main-
tained over several years thanks to their fleshy
root. Their large attractive flowers make insect
pollination easy (this crop may be assumed to
have a positive effect on local entomofauna). A
hybrid scarlet runner bean could be developed;
however, unlike the kidney bean or the tepary
bean, it is not known whether there would be a
strong heterosis effect.

The use of the scarlet runner bean to comple-
ment maize in silage deserves investigation since,
as well as its fodder value, the plant can limit
soil erosion. It may also be useful interspersed
in young forest or fruit plantations (to give soil
protection, fertilizing value or additional
income).

Because of its type of germination, P. coc-
cineus is a useful species for fighting the bean
fly (Ophiomyia phaseoli) in the highlands of
East Africa.
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Phaseolus acutifolius
Botanical name: Phaseolus acutifolius A.
Gray
Family: Fabaceae
Common names. English: tepary bean;
Mayan: xmayum (Mexico [Campeche]);
Spanish: tépari, (name of Opatan origin)
(Mexico [Sonoral]), escomite or escumite
(Mexico [Chiapas]), frijol pifiuelero (name
of hybrid origin) (Costa Rica)

This species has been grown for a long time in
Mesoamerica, mainly as a vegetable in desert
zones or areas with a long dry period. Unlike the
case of other cultivated species of the genus,
P. acutifolius was first described in its wild form
while the relationship with the cultivated form
was recognized later. Archaeological findings
have shown that this species was grown in an-
cient times in the southeastern United States
(where it apparently penetrated from Mexico
1 200 years ago) and Puebla (where it existed
5000 years ago). Geographical distribution of
the cultivated form extends from Arizona and
New Mexico to Guanacaste, Costa Rica, on the
dry subtropical slope of the Pacific. The distri-
bution of P. acutifolius is sporadic, which is
reflected in its market. The main product is a dry
seed which is eaten because of its rich protein
(17 to 27 percent) and carbohydrate content. It is
also used as a young tender string bean and as
fodder after harvesting.

It is still not known precisely where the spe-
cies was domesticated. It should be noted that
electrophoretic analyses of the phaseolin and
isoenzymes indicate that the domesticated popu-
lations were few. Either because of its historic
extinction, because the initial genetic base was
already reduced at the time of its domestication
or because of the autogamy of the species, the
cultivated genetic potential does not seem to
have been very extensive, to judge from its sub-

sequent development. Following are some of the
causes that several authors have reported as hav-
ing led to neglect of the tepary bean:

» the availability of cheap water in desert
areas which enables the cultivation of
fodder plants or garden produce and other
vegetables of greater value (kidney bean,
cowpea), as the tepary bean’s yield remains
the same or even diminishes with irrigation;

o the loss of eating traditions in indigenous
communities;

» the shortage of demand on the big markets.

Its cultivation potential in desert areas is ex-

tensive and is still to be explored.

Botanical description
P. acutifolius is a desert therophyte and is easily
distinguished from other species of beans by its
epigeal germination, sessile primary leaves, acute
rhomboid folioles, pseudoracemes — with two to
four fruit-bearing stems — small pink flowers
(white in some cultivars) with very small trian-
gular bracteoles and pods that have sutures
marked with five to ten ovules. Autogamy ap-
pears to be dominant. Two wild forms are recog-
nized: var. acutifolius with rhomboid folioles
and var. tenuifolius with linear, sometimes
sagittate, folioles. A third wild form appears
sporadically with narrowly falcate folioles which,
because they have different blastogenic charac-
teristics from the var. renuifolius and possess a
certain incompatibility for crossing, could be
considered a separate species (P. parvifolius).
The cultivated form, like the wild forms, has a
short cycle, flowering 27 to 40 days after germi-
nation and ripening at 60 to 80 days. The plants
wither completely (except P. parvifolius). In the
wild forms, seeds are dispersed within a radius
of 3 m by explosive dehiscence of the pods. In
some cultivars there is a brief postharvest laten-
cy of one month. The seeds of the wild plants
germinate through the imbibition caused by the
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heavy desert rainfalls of the following year. How-
ever, only in some is germination staggered over
three years.

Ecology and phytogeography

The cultivated form is found from 50 m to
1 920 m above sea level. It requires an annual
precipitation of 250 to 300 mm, although it is
grown in Mexico in regions with a precipitation
of 150 mm (Sonora) to 750 mm (Campeche).
During the vegetative period, the daytime tem-
perature can reach 20 to 32°C. It grows on well-
drained, sandy, muddy, sometimes organic soils
with pH 6.7 to 7.1.

There i1s an ecological specialization in the
wild forms of the tepary bean: var. acutifolius of
Arizona, New Mexico, Lower California, Sono-
ra, Chihuahua, Durango, Sinaloa and Jalisco oc-
cupies semi-sunny habitats with the mesquite on
the banks of streams, while var. tenuifolius colo-
nizes the sunny slopes with cacti and thorny
shrubs in Arizona, New Mexico, Lower Califor-
nia, Sonora, Chihuahua, Durango, Sinaloa, Na-
yarit, Jalisco, Querétaro, Michoacan, Guerrero,
Oaxaca and Jalapa. The cultivated form is a
heliophyte and has characteristics that allow it to

tolerate excessive sun.

Genetic diversity

Compared with the kidney bean, there is less
seed variability. Basically two forms occur: one
with a fairly small, rounded, white or black seed;
and another with a larger-sized angular, thom-
bohedric seed that may be white, greenish white,
grey, bay, dark yellow, mahogany, black or
purple-mottled or coffee in colour. The average
weight of 100 cultivated tepary bean seeds is
between 10 and 20 g and, for the wild form,
between 2 and 5 g. Two cultivars have been
cited: one is white (Redfield) and another is dark
yellow. Both result from mass selection. Al-
though the cultivated and wild materials do not

have a definite habitat, a desert environment is
necessary. Whereas the wild varieties are gener-
ally climbers with a few guide shoots (2 to 4 m
in length), there are two cultivated groups: the
indeterminate shrubby varieties with short guide
leaves and the indeterminate creepers with long
guide leaves, which climb if they find support.
The author knows only one escape variety. The
secondary genetic stock is not well known: the
kidney bean may be considered to be within the
tertiary stock.

A good number of cultivars from which col-
lections have been made mainly in Mexico ap-
pear to be no longer sown. It seems unlikely that
many more cultivated forms will be found but it
would be useful to re-examine the southern area
of distribution. This examination is an example
of a germplasm collection programme that has
enabled a good part of the crop’s variability to
be saved. The two wild forms represent the ma-
jor source of variation for future improvement
of the species. As some plant species are threat-
ened by overgrazing, it would be advisable to
collect germplasm from Nayarit to Jalapa.

Cultivation practices

In the southern area of its distribution, the rural
communities have conserved P. acutifolius, par-
ticularly because of its early maturity and re-
duced cultivation requirements. It is sown on the
edge of maize fields, at the start of the rains to
obtain the green bean and at the end of the rains
to obtain the seed, or on plots around houses in
virtually any period. In the northern area of its
distribution (southeastern United States, north-
eastern Mexico), it is sown under heavy rain
conditions in small fields with a favourable to-
pography or on the edges of streams, generally
alone or with some gourds and tolerated weeds.
After the first heavy downpour, the land is
ploughed and then sown in rows or broadcast

following the second downpour. The plants are
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pulled up when they reach maturity and are left
to dry in the sun. One week later they are trod-
den on a clean surface while the seeds are col-
lected and winnowed with a basket. The seeds
used to be stored in baskets or clay vessels (now-
adays in tins or plastic bags), thus maintaining
their germinating capacity for three years. In
Campeche, to store seed for sowing, packets are
made with the unopened pods and placed in
contact with the smoke of embers.

Yields are estimated to be 200 to 900 kg per
hectare, with wide variations depending on sow-
ing density and rainfall. About 1 000 to 2 000 kg
per hectare are obtained with fertilizer, with har-

vests of up to 4 tonnes per hectare.

Prospects for improvement

The tepary bean is considered to be a useful
species for improving the kidney bean (it is not
attacked by mildew or smut, Xanthomonas pha-
seoli), but no programmes have been carried out
for improving the tepary bean itself. Unlike many
leguminous vegetables, it gives an acceptable
yield with less than 400 mm of annual precipita-
tion. Its small seed size could be corrected by
improving the species; the variability in colours
and seed standards could also be increased. A
pronounced heterosis is noticed when lines are
crossed and there is a possibility of hybrid tepary
beans being produced (it would be necessary to
determine whether the secondary stock would
make it possible to increase the flower’s attracta-
bility to insects'). Some populations are suscep-
tible to rust, oidium, mildew, root rot, leafminers,
bruchids and leafhoppers. Some lines have good
or excellent levels of resistance to these pests and
diseases. In cultivation, the germplasm has proved
susceptible to high temperatures, acidity, alu-
minium toxicity and common mosaic diseases.

Its potential for introduction into desert areas
(the American tropics, the Sahel, the Near East,
India) is considerable but it has not been exploit-
ed. For example, in July 1985, the author sent a
small sample of tepary bean plants to Chincha in
Peru for evaluation; in 1989 one of the tepary
beans was already being sold under the name of
cuarenteno in Chiclayo. In many areas its use as
a cover plant or as a crop merged with millet
(Pennisetum sp.), prickly pear (Opuntia sp.),
mesquite (Prosopis sp.) and jojoba (Simmondsia
sp.), for human or animal consumption, has not
been exploited either. It should be possible to
use it as a postharvest crop when temperatures
are still favourable and residual humidity is low.
One of the main reasons for promoting cultiva-
tion of the tepary bean is to limit the use of water
in subdesert areas.

Research should be orientated towards increas-
ing the collection of germplasm; distributing seed
from gene banks to farmers; divulging informa-
tion through agricultural extension services on
the cultivation potential of the tepary bean in dry
zones; setting up seed improvement projects;
developing food technologies suited to legumi-
nous vegetables (for example, industrial process-
ing of proteins), which would free the farmer
from market requirements; and promoting infor-
mation on the methods of consumption in order
to re-upgrade the use of this legume.

Phaseolus lunatus
Botanical name: Phaseolus lunatus L..
Family: Fabaceae
Common names. English: butter bean, Lima
bean, Burma bean, duffin bean, Rangoon
bean

There are two main genetic stocks domesticated

"No cytoplasmatic androsterility or agents re-establishing from two separate wild forms and with morpho-

fertility have been recorded in P. acutifolius.

types from a different seed.
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Common names of the small-seed cultivars
(24 to 70 g per 100 seeds). Mayan: ib
(Mexico [Yucatan]); patashete (Mexico
[Chiapas]);
[Suchitepéquez]); Spanish: sieva, comba
(Colombia [Guerrero]), furuna (Mexico
[Jalapa]), chilipuca (El Salvador), kedeba
(Costa Rica), frijol caballero (Cuba), haba
(Puerto Rico, Panama), carauta (Colombia
[Atlantic]), frijol de afio (Colombia
[Tolima]), guaracaro (Venezuela); French:
pois souche (Haiti)

ixtapacal (Guatemala

The Caribbean group is made up of small, round

seed material distributed in that area.
Common names of the large-seed cultivars
(54 to 280 g per 100 seeds). Spanish: lima
(because of its origin from the coast of Peru),
torta (Colombia [Narifio, Huila], Ecuador
[Imbabura, Azuay, Loja]), layo (Peru
[Cajamarca]), pallar (Peru [Lambayeque, La
Libertad, Lima, Ica, parts of the range}),
palato (Bolivia [Chuquisaca]), poroto

manteca (Argentina)

Archaeological findings in Ancash, Peru, indi-
cate that, after Lagenaria siceraria, the large-
seed species were among the first to be cultivated
(8 000 years ago), while the small-seed materi-
als in Mesoamerica date back only 1 200 years.
The large-seed material appeared 5000 years
ago on the coast of Peru, where they were of
great nutritional and cultural value, particularly
for the Mochican and Nazca peoples. Distri-
bution of the wild form on the northern range
(electrophoresis test results show that it is the
ancestor of the Andean stock) suggests that do-
mestication took place in this area and that it
expanded towards the high parts of Ecuador and
Colombia as well as towards the Peruvian coast
and other high parts of Peru and Bolivia.

Nowadays, the green seed in particular is eaten.

On the Peruvian coast, dulce de pallar, a kind of
Lima bean conserve, is prepared from the dry
seed. The aesthetic value of the seeds has en-
abled them to be used in recreation activities in
peasant communities. The small-seed cultivars
were domesticated from a wild form, possibly in
Mesoamerica and in more recent times. The seeds
are eaten dry (the Mayans of today prefer them
refried) or green. In Asia the young plants or
young leaves are consumed; in Madagascar
they are used to prepare hay.

Among the reasons for the present marginali-
zation of P. lunatus, apart from abandonment of
the traditional diet with the rural exodus and
changes in peasant customs, we should mention
the presence of a cyanogenic glucoside which in
some cultivars, if detoxification is omitted, may
cause poisoning. Standardization in the consump-
tion of leguminous vegetables (some varieties of
common bean or cowpea) has been prejudicial
to the Lima bean because of the presence of this
glucoside. The small-seed cultivars, particularly
under irrigation, suffer from the competition of
soybean (and sometimes the cowpea because of
its price). In the Peruvian Andes, Lima beans
have heavy competition from the introduced lab-
lab [Lablab purpureus (L.) Sweet] which is re-
sistant to weevils, and the introduced pigeon pea
[Cajanus cajan (L.) Mills], which is more toler-
ant of drought.

Botanical description

P. lunatus 1s a pluriannual species (except for a
few modern cultivars) with epigeal germination
and fibrous roots. Its ancestral forms come from
low- or medium-altitude tropical deciduous for-
ests. It is easily distinguished by its half-moon
seeds (with the exception of a group of cultivars
from the Caribbean that has a spherical seed). It
1s striated from the hilum and has: deltoid foli-
oles; pseudoracemes with four to 12 fruit-bear-

ing stems; small {lowers, with a standard which



56

Beans

FIGURE 4
Beans: A) Phaseolus lunatus; A1) legume; A2) seed; B) P. polyanthus; B1) legume; B2) seed
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is greenish (Mesoamerica) or purple (Andes);
very small, roundish bracteoles; and smooth, fal-
cate pods with three to six ovules. The two wild
forms display marked differences but do not
justify differentiated taxonomic treatment be-
cause of the considerable introgression among
their genetic stocks. It is an autogamous species
with an introrse stigma, but cross-pollination
may exceed 32 percent.

The earliest genotypes flower 35 days after
sowing and complete their cycle in around 100
days. Others may have two flowering cycles per
year depending on the distribution of rainfall. In
dry areas, the plants sprout from the lower part
of the stem with the return of rainfall. In the
majority of the traditional varieties, the guide
leaves are long (3 to 6 m), indeterminate, creep-
ing (and therefore useful as ground cover) or
climbing.

The fibrous roots may attain several metres on
filtering soils with deep humidity
(Yucatdn, coastal Peru), thus giving the plants
great vegetative vigour (greater than maize) and
a survival period of up to four years. In the wild
populations, the seeds are dispersed through ex-

plosive dehiscence of the pods.

Ecology and phytogeography

Although not strict, there is a certain distribution
pattern of the forms. The small-seed wild form
1s found from Sinaloa in Mexico to Salta in
Argentina, generally below 1 600 m. The small-
seed cultivars frequently grow at a lower alti-
tude in the Pacific area of Mesoamerica, from
Arizona in the United States to Chocé on the
western range of Colombia as well as the Ecua-
doran coast, and from Yucatdn and Colombia to
Venezuela and in the Antilles. It also exists in
northeastern Brazil and in Formosa, Argentina.

The larger wild form is distributed in Ecuador

and in the north of Peru between 320 and
2 030 m. The large-seed cultivars are distributed

in Peru from 50 to 2750 m and in the high
valleys of Chuquisaca and Cochabamba in
Bolivia. Curiously, some also exist in the south
of Brazil.

P. lunatus is a generally hardy species which
prefers dry climates and deep soils (pH 6 to 7.2)
with good drainage. Although it is true that some
forms tolerate the climate of the lower tropics
well, the species’ exceptional altitude range
should be mentioned, particularly in Peru where
some forms withstand low temperatures (Table
3). P. lunatus, both cultivated and wild, is rather
heliophytic.

Genetic diversity

The intraspecific variability of P. lunatus is par-
ticularly high in the groups of Siva and Gran
Lima varieties and less in the Caribbean group.
There are several commercial cultivars, particu-
larly in California (for example, Henderson and
Fordhook) and for domestic consumption (un-
ripe green seeds in salads) in the United States.
Relatives of the Andean wild form are P. augus-
ti Harms, P. bolivianus Piper and P. pachyrhio-
zoides Harms. Of the cultivated species, the
latter has the widest secondary stock.

There are numerous gene banks, mainly in
Pullman in the United States (USDA), Chapingo
in Mexico (INIFAP) and Palmira in Colombia
(CIAT). Germplasm has been collected in order
to save traditional material cultivated in several
regions of the American tropics where varieties
have rapidly disappeared. It could still be col-
lected profitably in some parts of the Yucatdn
peninsula, northern Colombia, San Martin in Peru
and in Paraguay.

In the case of wild material (particularly of the
small-seed form) many regions fall short for
collecting specimens: Tamaulipas, Sinaloa, Mi-
choacan, Oaxaca, Chiapas, Petén in Mexico, El
Salvador, Nicaragua, Panama, Venezuela and
eastern Bolivia.
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Cultivation practices

In the neotropical zones of America, 1t is very
common to find from one to five P. lunatus
plants in household vegetable gardens and on
small plots, as it is customary for families to add
a few green seeds to soups. In the Mayan Yu-
catdn, this bean is traditionally sown as part of
the slash-and-burn clearing system with maize,
buul (P. vulgaris) and gourds. On the coast of
Colombia, carauta is found on plots with maize,
cassava and guandul. On the coast of Peru, it
was frequently found broadcast on the banks of
mountain streams where it absorbed the flood-
waters. Similar practices may have existed in
the cinteiio valley in Bolivia before the introduc-
tion of the grapevine. Nowadays, in Chinca, Peru,
it is sown as a commercial monoculture (white
seeds) on ridges with irrigation. In many parts of
the Andean range (in the dry inter-Andean val-
leys at 2 000 m of Narifio, Colombia; Imbabura
and Azuay in Ecuador; and Cajamarca in Peru)
P. lunatus is frequently seen growing on old
walls separating plots and roads or on landslides
and slopes. The peasants thus use the spaces of
least value. In other parts of Peru (Cajamarca,
La Libertad), the Gran Lima types are sown
around the edge of small farms. In some places,
the plants behave spontaneously and cross with
the wild forms that exist in the surrounding area
(for example in Succhubamba, Cajamarca).

As it is sown almost individually in many
family vegetable gardens, it is difficult to give
figures for yield per area. Furthermore, periodic
harvesting complicates the evaluation. In the
shrubby forms, seed yields of 2 000 kg per hec-
tare have been recorded and, in climbing varie-
ties, more than 3 000 kg per hectare.

Prospects for improvement

Within the cultivated species, P. lunatus com-
petes with P. coccineus through the genetic stock
which is wider (primary and secondary) and dif-

ferentiated into a very early form (for which
there is genetic progress); it has a good rate of
allogamy and heterosis has been found; conse-
quently there are good prospects for improve-
ment. P. lunatus’ relatively late production, as
well as that of the indeterminate creeping forms,
may be compensated by exploiting the earlier
shrubby forms. There is a wide variation in the
glucoside content in the seed, and potential for
improvement with types of less than 5 ppm,
without any correlation with the colour of the
tegument. The evaluation of cultivars to deter-
mine the glucoside content will make it possible
to establish many materials in traditional areas
of cultivation and consumption. Its hardiness
and lengthy production may be advantages in
adverse conditions where other leguminous veg-
etables do not prosper. The aesthetic value of the
Gran Lima varieties may be considered in the
development of handicrafts (which could be use-
ful in remote parts of the Andes). The restora-
tion of traditional dishes and uses (for example
in recreation) would also contribute to the crop’s
promotion. The selection of varieties resistant to
grub (Acanthoscelides sp.) and weevil (Apion
sp.), particularly the Gran Lima, and of shrubby
forms with a greater diversity of seeds (colour,
shape) as well as the study of production tech-
niques (the use of nettings, sowing on slopes,
etc.) should be mentioned as research priorities.

Phaseolus polyanthus

Botanical name: Phaseolus polyanthus
Greenran

Family: Fabaceae

Common names. Spanish: botil (Mexico
[Chiapas]), piloya (Guatemala [Chi-
maltenango}), dzich (Guatemala [San
Marcos]), piligiie (Guatemala [Alta
Verapaz]), petaco (Colombia [Antioqufa and
western region]), cacha (Colombia [Cauca,
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Huila and southern region}), matatropa
(Colombia [Huila]), toda la vida (Ecuador,
northern region of Peru).

The taxon P. polyanthus was recently acknowl-
edged as a result of identification of its ancestral
forms. There are no recordings of this legume on
archaeological sites, in spite of the fact that the
seeds found have been analysed thoroughly. The
ecological conditions under which this species
grows may not have been favourable for its pres-
ervation. Mention has been made of how old this
crop must be in Mexico. In comparison with the
wild forms and the other species, P. polvanthus
1s less evolved, which appears to be the result of
its more recent domestication.

It has frequently been cultivated together with
maize, gourds and two species of bean (P. coc-
cineus and P. vulgaris) in Mesoamerican re-
gions with a humid climate and at an intermediate
altitude. Like the scarlet runner bean, this crop
has been reduced with modification of the tradi-
tional maize field system in many parts of Mes-
oamerica. If peasants have to cease cultivating a
species of bean, they keep the kidney bean, which
generally obtains the best price. Among the oth-
er causes of its marginalization is the extension
of coffee plantations and livestock rearing in its
area of cultivation. As their incomes increased,
peasants tended to abandon consumption of this
legume. Traditionally, the green seed is preferred
(either because it 1s easier to digest or because of
its softer tegument) when the pod reaches physi-
ological maturity and the dry seed is favoured
less; 1t 1s eaten 1n soups, stews or even as a sweet

(Amazon region).

Botanical description

Only pluriannual forms of P. polyanthus are
known, which can live from two to four years. In
drier parts (for example, western Cajamarca,
Peru) it tends to behave as an annual. It is casily

distinguished from the other species by its epi-
geal germination; fibrous, fasciculate roots; in-
tlorescences with six to 16 fruit-bearing stems;
primary bracts and long, narrow bracteoles (giv-
ing the pseudoraceme the appearance of a spike);
white or lilac flowers (purplish pink in the wild
form); and terminal stigma. Its seed (70 to 100 g
per 100 seeds for cultivated varieties and 16 to
25 g for wild forms) has a wide, elliptical hilum

and the parahilum is frequently broken.

Ecology and phytogeography

P. polyanthus is distributed in intermediate alti-
tudes (800 to 2 600 m) in cool, damp climates
with one dry period per year (Table 3); it has a
long flowering period (two to five months) and
can have two flowering and {ruit-bearing peri-
ods per year if the rainy season is heavy (Colom-
bia, Venezuela). It prefers deep, organic, damp
and well-drained soils with pH 6.2 to 6.5 and it
tolerates a degree of shade.

The cultivated form is found in Puebla,
Veracruz, Oaxaca and Chiapas (Mexico). In
Guatemala, 1t can be seen in Huehuetenango,
San Marcos, Quezaltenango, Totonicapdn, Baja
and Alta Verapaz, Solold, Chimaltenango and
Sacatepéquez. It is also distributed in the upper
parts of the Caribbean (Jamaica, Dominican Re-
public) and Costa Rica. It 1s cultivated in South
America, where 1t is found in secondary vegeta-
tion, including wooded vegetation, from Mérida
in Venezuela to Apurimac in Peru and in the
western and central ranges of Colombia (the
petaqueras of Antioquia), Ecuador (Azuay,
Pichincha, Tungurahua) and northern Peru
(Cajamarca, Amazon, Junin). To date, the wild
form has been found only in the central-western
part of Guatemala, where it 1s a liana that grows
in the low, humid mountain forest; the possibili-
ty of it also occurring in the mountainous zone
of the Jalisco-Michoacdn boundary m Mexico
should not be excluded.
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Genetic diversity

This species 1s considered to be the least evolved
of the cultivated Phaseolus species, hence it
should have a greater potential for future devel-
opment. There is little phenotypic variation (only
the indeterminate climbing growth habit), in-
cluding in the seeds. Normally it has orangy
yellow seeds, but other colours do appear: red-
dish brown, bay, black and creamy white, for
example. Seeds of the latter colour were found
by the author in the Amazon region of Colombia
and in Loja, Ecuador. It may have potential as a
commercial crop in northern Peru and may com-
pete as a plant with the caballeros (P. vulgaris
with a large, round white seed), which do not
produce in humid areas. Greater variation is seen
in the seed where natural hybrids exist with
P.coccineus (for example, in Putumayo, Co-
lombia) and with P. vulgaris (for example in
Tolima, Colombia) where colours may be com-
bined with purple, coffee, etc. To date, there do
not seem to be any properly recorded cultivars.

It is evident that P. coccineus, P. polyanthus
and P. vulgaris are genetically close as a result
of natural introgression among the species. How-
ever, each comes from a different and individu-
alized ancestral form. The reason for this
relationship should be found in the origin of the
ancestral forms. Other species of the P. coc-
cineus complex may also be considered to be
close to the cacha; the genetic stock of P. poly-
anthus is therefore wide.

An exact evaluation of genetic erosion in this
species is difficult: in some parts of Guatemala
(San Marcos, Chimaltenango) and Costa Rica,
where the traditional maize field cultivation sys-
tem has been modified, certain genotypes are
disappearing; in others (Cauca, Tolima, Ama-
zon region, in Colombia and Junin in Peru) it
appears to extend into ruderal vegetations be-
cause peasants throw seed on roadsides and in
smallholdings, etc. One farmer in Huila, Colom-

bia, mentioned that it was the first seed that he
sowed in the slash-and-burn system of Los Pdez.
The species’ hardiness in humid environments
provides food when the maize harvest is insuffi-
cient and explains its frequent presence in sec-
ondary forests in Colombia, Ecuador and northern
Peru. It 1s even more difficult to evaluate ero-
sion, as it is a predominantly allogamous species
(although the local variation of this allogamy is
not well known). However, it does seem useful
to document the evolution of the native material
in its areas of genetic cultivation in Mexico and
Guatemala and to collect germplasm in appro-
priate cases. In the southern area of its distribu-
tion, where there seems to be less variation and
erosion, collection would not seem to be urgent.
The situation is different in the case of the wild
ancestral form: its distribution area in central-
western Guatemala is threatened by urbaniza-
tion and agriculture (the primary forest where it
grows is being cut down to set up coffee planta-
tions). It is urgent to complete collection of germ-
plasm and to ensure that at least some plant
species are included in in sifu conservation with-
in the perimeter of natural parks. This method
should also be considered for the few sites where
there is natural introgression.

There are collections of this species, mainly in
Chapingo in Mexico (INIFAP); Chimaltenango
in Guatemala (ICTA); La Molina in Peru
(INTAA); and Pullman in the United States
(USDA). The widest collection is that of the
CIAT in Palmira, Colombia.

Cultivation practices

The majority of the cultivation practices men-
tioned for the tepary bean in the high humid
zones of Central America also apply to the cacha
bean. Although it is sown mixed with tepary
beans, it frequently ripens a little carlier; sepa-
rate harvesting (especially to eat it when green)
18 possible but is not always practised. In the
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Andes it is frequent to see it in enclosures or in
family vegetable gardens where it grows with-

out any special care.

Prospects for improvement

A limiting factor appears to be the lesser digest-
ibility of P. lunatus which has been verified in
certain areas (Amazon region). The documenta-
tion of current consumption practices in peasant
communities must be considered a priority be-
fore embarking on an investigation of its nutri-
tional quality. It should be borne in mind that
until the very recent past these beans were eaten
several times a week. The lack of variation in
seed colour is a problem which could be correct-
ed partly with the distribution of germplasm from
collections and through additional gatherings,
particularly where there is introgression with
P.coccineus and P. vulgaris. Variation in col-
our, type of seed and growth habits could be
obtained through cross-breeding programimes that
explore the primary and secondary genetic stock
of P. polyanthus. Evaluation is still very much
in its initial stage and is a priority for agrarian
research. It would be very useful, since it is
known that this species offers characteristics of
resistance to several pests and diseases such as
Ascochyta sp. (in the cool, humid parts of the
Andes) and Ophiomyia phaseoli (in East Afri-
ca), respectively. There are genotypes ready for
delivery to the farmer, particularly in conditions
that are adverse to the kidney bean. The con-
sumption of P. lunatus as a green seed could be
recommended and recipes developed to improve
preservation of the green seed. Its cultivation
could also be encouraged in family vegetable
gardens. Since the plant is attractive to live-
stock, it could be considered as a fodder crop in
association with maize. In agrosilvicultural
contexts (for instance in young plantations or
hedges against erosion), it is possibly the best
bean species to use. Iis role in coffee plantations

could also be considered from the point of view
of fertilizing value and soil protection.

Conclusion

The bean was domesticated at a time when the
current knowledge of molecular genetics and
nutritional science was obviously not available
to ensure selection of the material with the best
evolutionary and nutritional potential. In addi-
tion to the kidney bean, four other species have
been domesticated and have been maintained
for thousands of years. It is not known whether
the initial success of the kidney bean was due to
its greater evolutionary potential compared with
the other species or whether particular circam-
stances caused its domestication. Nor are all the
reasons known for its promotion throughout the
200 years after 1492. Consequently, the germ-
plasm collected of those species during the last
60 years, and the information relating to them,
are possibly scarce in relation to what must have
existed before the conquest. However, what has
been able to be recovered is surprising and of-
fers promise. In spite of all the changes that have
occurred with the kidney bean since the fifteenth
century, it has been difficult to modify its ecolo-
gy drastically and the alterations that the latter
may have suffered have had negative effects on
species yield. Ought we not now give the ne-
glected beans an opportunity?
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One plant group with the most species used as
human food is the Cucurbitaceae family. Within
this family, the genus Cucurbita stands out as
one of the most important. Five of its species —
Cucurbita argyrosperma Huber, C. ficifolia
Bouché, C. moschata (Duchesne ex Lam.)
Duchesne ex Poiret, C. maxima Duchesne ex
Poiret, and C. pepo L. — have been domesticated
in the New World and for thousands of years they
have been cultivated or at least handled by Amer-
ican societies.

In spite of the current marginalization of some
of these species, from very remote times all have
contributed essential food products to the diet of
rural and some urban communities on the Amer-
ican continent and in many other parts of the
world. With the exception of C. maxima, whose
centre of origin is in South America, it is assumed
that the other four cultivated species were do-
mesticated in Mesoamerica, although this has
not been confirmed in all cases.

During the second half of the 1980s, a great
quantity of information was collected on the
origin and evolution of the four species. The
taxonomic and genetic limits of Cucurbita argy-
rosperma and C. pepo have been redefined and
their closest-related wild species have been clas-
sified into intraspecific categories within these
limits. The results of this research have raised

The authors of this chapter are R. Lira Saade {National
Herbarium of Mexico, Mexico City) and S. Montes
Hernandez (CIFAP, SARH, Celaya, Guanajuato,
Mexico).

Cucurbits
(Cucurbita spp.)

some doubts about the Mesoamerican origin of
C. ficifolia and C. moschata, suggested so often
in many publications.

Cucurbita argyrosperma
Botanical name: Cucurbita argyrosperma
Huber
Family: Cucurbitaceae
Common names. English: cushaw (United
States); Spanish: calabaza, calabaza pinta,
calabaza pipiana (Mexico), pipidn (Mexico,
El Salvador, Nicaragua, Costa Rica), saquil,
pipitoria (Guatemala)

Origin, domestication and expansion
Cucurbita argyrosperma is one of the cultivated
species of the genus which has undergone
the most profound study in recent years. There
are two subspecies:

1) argyrosperma, comprising four varieties —
argyrosperma, callicarpa, stenosperma and
palmieri —three of which include all the cultivat-
ed types, while the fourth corresponds to sponta-
neous populations of northeastern Mexico that
are generally known as Cucurbita palmieri L.
Bailey;

ii) sororia, which includes wild populations
with a wide distribution from Mexico to Nica-
ragua, originally described under the name C.
sororia L. Bailey. This subspecies has been des-
ignated as the wild ancestor of the group.

According to the age of the archaeological
remains discovered thus far, it has been suggest-
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ed that domestication of C. argyrosperma must
have occurred in southern Mexico more than
7 000 years ago.

The characteristics that were most trans-
formed in the process of dornestication of the ssp.
argyrosperma were, as in other crops, mainly
those connected with handling and preferred
uses. For example, relatively uniform germina-
tion; a reduction in size and abundance of tri-
chomes; an increase in the size of parts and
organs used, such as fruits and seeds; and a
reduction in the bitter taste of the flesh. It is
considered that var. argyrosperma is the least
specialized or most primitive of the group and
that var. callicarpa, on the other hand, is the most
recent or specialized.

The different degrees of variation in the nutri-
tionally important parts of the three cultivated
varieties of the complex argyrosperma suggest a
strong association with human interests. The rel-
atively large seed size of the var. argyrosperma
indicates that it was mainly selected to obtain
seeds, while the great diversity of shapes, colours
and size of the fruits and seeds of var. stenosper-
ma and callicarpa indicate that selection had a
double aim: to obtain flesh as well as seeds.

Unlike with the rest of the cultivated species of
Cucurbita, data on the distribution of cultivated
Cucurbita argyrosperma varieties outside
America are very scarce and there is no certainty
that this species was cultivated at any time in the
Old World or even outside its general area of
domestication.

In South America, it is grown in Peru and
Argentina, although it appears to involve very
recent introductions of certain cultivars which
can be classified within the var. callicarpa. In the
United States, some cultivars of var. callicarpa
are cultivated on a very low scale for nutritional
purposes, and one cultivar of var. argyrosperma,
Silver Seed Gourd, is occasionally grown as a
horticultural curiosity.

The reasons for the sparse world distribution of
this species are not known; although the situation
is not surprising, given the low quality of the
fruit’s flesh compared with that of C. moschata
or C. pepo and the size of the seeds of all the
cultivated varieties that may have been attractive
to the first Europeans who learned of them.

Uses and nutritional value

Throughout its distribution area, the flowers,
young stems, young fruit and ripe fruit of
C. argyrosperma are eaten as vegetables. The
ripe fruit is occasionally used to prepare sweets
although it is used most frequently as feed for
livestock and poultry. The seeds are eaten whole,
roasted, toasted or ground and are the main in-
gredient of sauces used to prepare various stews
(for example, pipidn — meat cooked in thick chili
sauce, mole verde — a stew prepared with chili
and green tomatoes). The seeds are the most
important product, chiefly because of their oil
(39 percent) and protein content (44 percent),
and their consumption in urban areas of Mexico
and other countries of Central America is fairly
common.

In some regions of Mexico, the seeds and also
the unripe fruit of wild taxa are used as food. The
latter are eaten after being washed and boiled
several times to rid them of the bitter taste deriv-
ing from the cucurbitins present in the flesh and
placentae, while the seeds are simply washed,
seasoned with salt and roasted or toasted. On the
Yucatdn peninsula, peasants use the flesh of the
cultivated varieties’ fruit to treat burns, sores and
skin eruptions, while the seeds are prepared with
water and used as an anaesthetic and to stimulate
women’s milk production for breastfeeding.

Botanical description

C. argyrosperma is a creeping or climbing mo-
noecious plant, ranging from villous to pubes-
cent and which may be hirsute, with short, rigid
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FIGURE 5
Mesoamerican cucurbits: A) Cucurbita argyrosperma; At) leaf; A2) fruit; A3) seed; B) C. pepo; B1) leaf; B2) fruit;
B3) seed; C) C. moschata; C1) leaf; C2) fruit; C3) seed; D) C. ficifolia; D1) leaf; D2) fruit; D3) seed
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and rather enlarged and sharp trichomes. It has
fibrous roots and slightly angular stems. Its
ovate-cordate leaves have petioles of up to 30 cm
and measure 10 to 30 x 15 to 40 cm. They have
white spots, number three to five and are lobulate
with triangular or elliptical lobules. The margins
are denticulate to serrate-denticulate. There are
two to four ramified tendrils and pentamerous,
solitary, axillary flowers. The male flowers are
on pedicels of 10 to 20 cm and have a campanu-
late calyx of 5 to 20 x 8 to 25 mm. Their sepals
are linear-lanceolate or (rarely) foliaceous and
are 10 to 35 mm long. They have a tubular-
campanulate corolla that is yellow to orange, 6 to
12 cm long, with five lobules for up to one-third
of its total length and they have three stamens.

The female flowers grow on sturdy peduncles of

2 to 3.5cm; have a globose, ovoid-elliptical,
botuliform or piriform, multilocular ovary, a

small calyx and a corolla that is somewhat bigger

than that of the male flowers. They have three
stigmas. The fruit is short or long and piriform,
straight or curved in the thinnest part and 11 to
50 cm long. It has a hard rind which is smooth to
slightly ribbed, and is white with longitudinal
green reticulate stripes or completely white. The
flesh is white, yellow or orange, the seeds ellipti-
cal and slightly inflated, measuring 15 to 30 x 8
to 16 mm, with a white, smooth and even testa.

Ecology and phytogeography

The three cultivated varieties of C. argyrosper-
ma are found in a relatively wide range of alti-
tudes (0 to 1 800 m), generally in areas with a
hot, fairly dry climate or a well-defined rainy
season. The species does not tolerate very low
temperatures, which limits its cultivation to the
altitudes mentioned. Each cultivated variety has
a fairly defined distribution model, although
there are some areas where two varieties can be
found cultivated simultaneously.

In Mexico, the var. argyrosperma is grown on

the slope of the gulf (Tamaulipas, San Luis Po-
tosi, Puebla, Veracruz, Tabasco, Chiapas and
Yucatan). In Central America it has been record-
ed in Belize, Guatemala, Honduras, El Salvador,
Nicaragua, Costa Rica and Panama. The var.
callicarpa is found mainly on the Pacific
slope, from the southeastern United States to
central Mexico (Sonora, Sinaloa, Chihuahua,
Zacatecas, Guanajuato, Nayarit and Jalisco). The
var. stenosperma is endemic to Mexico and is
grown in the central and southeastern states
(Guerrero, Morelos, Michoacan and Oaxaca) as
well as in some areas of the gulf slope (Veracruz
and Yucatin).

Genetic diversity
Limiis of genetic siock. Knowledge of the genet-
ic relations of C. argyrosperma Huber and the
consequent inclusion and definition of wild and
cultivated taxa within its taxonomic limits have
considerably widened the species’ genetic stock.
This includes: the local races of the cultivated
varieties in the southeastern United States, Mex-
ico and Central America; the two wild taxa of the
complex (var. palmieri and ssp. sororia); and,
in the United States, Green Striped Cushaw,
White Cushaw, Magdalena Striped, Papago,
Silver Seed Gourd, Japanese Pie, Hopi, Taos,
Parral Cushaw and Veracruz Pepita.
Hybridization experiments of the taxa belong-
ing to C. argyrosperma with other wild and
cultivated taxa of the genus and some field obser-
vations have revealed that, with the cultivated
species, C. moschata has the highest degree of
compatibility. A second level of compatibility
consists of the wild and cultivated taxa of
C. pepo, some cultivars of C. maxima and the
wild perennial species of C. foetidissima H.B.K.
A third group is formed by C. lundelliana L.
Bailey, and C. martinezii L. Bailey, with which
crossings only produced fruit without viable

seeds. The fourth and last group includes the
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perennial species C. pedatifolia L. Bailey,
C. digitata A. Gray, in the broad sense and
C. radicans Naudin, with which only a few fruits
were able to be obtained but generally without
viable seeds.

The wild species that have shown some degree
of compatibility with the taxa of the complex
C. argyrosperma possess genes resistant to some
viral diseases that have a high incidence in the
cultivated species.

However, because of two factors relating to
interspecific crossings, some obstacles will have
to be overcome before a successful plant im-
provement programme including all the taxa is
carried out:

» hybrids with viable seeds were not always

produced;

* when some success was achieved, the plant
receiving the pollen was always from the
complex C. argyrosperma and, in the case of
the species of the last two groups, it always

involved var. palmieri or ssp. sororia.

Germplasm collections. Germplasm collections
are not so scarce for the cultivated taxa but they
are in very short supply in the case of the wild
ones. Most of the accessions come from Mexico
and are deposited in the CIFAP’s gene bank
in Mexico and in the USDA’s in the United
States.

Cultivation practices
The cultivated varieties of Cucurbita argyro-
sperma are worked in the traditional heavy rain
agricultural systems and are sown at the start of
the rainy period (May-June). Development of
these varieties lasts five to seven months; the
young fruit for vegetables is harvested approxi-
mately three months after being sown, while the
ripe fruit for seed is harvested between October
and December.

In the Mixe region of the state of Oaxaca, var.

stenosperma is also grown in the dry season on
so-called humid ground. This practice is also
recorded m some parts of the state of Sonora in
northeastern Mexico, where some cultivars of
var. callicarpa can be grown in the dry season,
but always with the help of irrigation to ensure
production throughout the year.

The only form of propagation is the sowing of
seed which 1s done along with some of the tradi-
tional crops of this agricultural model (maize,
beans and other species of Cucurbita). In some
regions of Yucatdn, Quintana Roo and Oaxaca
the seeds of C. argyrosperma are often the first to
be planted in the maize fields. Sowing begins
shortly before the start of the rain and before the
other associated crops are sown.

In some localities of Yucatdn, sowing is done
very quickly the day after the traditional burning
of the stubble of the previous crop and long
before the first rain and the sowing of other
associated crops. The aim 1s to prevent the devel-
opment of weeds which would affect production
of the other species cultivated in the maize field,
utilizing the rapidity of growth and cover at-
tained by this species. Practices of this type show
that the seeds of C. argyrosperma are completely
suited to these regions and germinate even in
conditions of low humidity.

Unlike other cultivated species of the genus, it
is less frequent for varieties of the argyrosperma
complex to be found in vegetable gardens or
plots or in small agricultural holdings or to be
associated with other species.

Cucurbita pepo
Botanical name: Cucurbita pepo L.
Family: Cucurbitaceae
Common names. English: pumpkin,
vegetable marrow, summer pumpkin,
autumn pumpkin; Spanish: calabaza
(Mexico), hiiicoy (Guatemala)
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Origin, domestication and expansion
According to archaeological recordings, C. pepo
appears to be one of the first domesticated spe-
cies. The oldest remains have been found
in Mexico, in the Oaxaca valley (8750 BC to
AD 700) and in the caves of Ocampo, Tamaulipas
(7000 t0 500 Bc). Its presence in the United States
also dates back a long time, as the recordings
in Missouri (4000 Bc) and Mississippi (1400 Bc)
indicate. This species may have been domesti-
cated at least on two occasions and In two
different regions: in Mexico and in the eastern
United States, in each case having C. fraterna
and C. texana, respectively, as possible progeni-
tors. |

Eight groups of edible cultivars of C. pepo are

known:

o Pumpkin (C. pepo L. var. pepo L. Bailey, )
includes cultivars of creeping plants which
produce spherical, oval or oblate fruit that is
rounded or flat at the ends. The fruit of this
group Is grown to be eaten when ripe and
sometimes is used as fodder.

o Scallop (C. pepo L. var. clypeata Alefield)
has a semi-shrubby habit, the fruit ranges
from flat to almost discoidal, with undula-
tions or equatorial margins, and it is eaten
before maturity.

o Acorn (C. pepo L. var. turbinata Paris) is
both a shrubby and creeping plant with fruit
which is obovoid or conical, pointed at the
apex and longitudinally costate-grooved.
The rind is soft, hence the fruit can be eaten
in the ripe state.

« Crookneck (C. pepo L. var. torticollia Ale-
field) is a shrubby type, with yellow, golden
or white fruit which is claviform and curved
at the distal or apical end and generally has a
verrucose rind. It is eaten unripe since the
rind and the flesh harden when ripe.

* Straightneck (C. pepo L. var. recticollis
Paris) is a shrubby plant with yellow or

golden fruit and a verrucose rind similar to
that of var torticollia..

» Vegetable marrow (C. pepo L. var. fastiga-
fa Paris) has creeper characteristics as a
semi-shrub and has short cylindrical fruit
that is slightly broader at the apex, with a
smooth rind which hardens and thickens on
ripening and which varies in colour from
cream to dark green.

o Cocozzelle (C. pepo L. var. longa Paris) has
cylindrical, long fruit that is slender and
slightly bulbous at the apex; it is eaten in the
unripe state and one of the most common
names is Cocozzelle.

o Zucchini (C. pepo L. var. ¢ylindrica Paris)
is the most common group of cultivars at
present. Like the previous group, the zucchi-
ni group has a strong affinity with the vege-
table marrow and its origin is also recent
(nineteenth century). Its plants are generally
semi-shrubby and its cylindrical fruit does
not broaden or else broadens only slightly. It
Is eaten as a vegetable i the unripe state.

With regard to traditional cultivars, it is com-
mon to see a fair representation of cultivars with
characteristics similar to those of each of the
commercial groups in one single field cultivated
by Mesoamerican peasants. The question of the
origin of the cultivars native to the Mayan area in
the middle and low areas of Chiapas and the
Yucatdn peninsula still has to be resolved. These
cultivars, whose fruits are either without or with
unpronounced ribs and have rather rounded and
oval seeds, are grown from a little above sea level
to nearly 1 800 m.

The distribution of C. pepo outside America is
possibly the best documented of this genus: it is
known that some cultivars reached Europe ap-
proximately half a century after 1492 and it is
even said that others originated on that continent.
In contrast to C. pepo’s long-established pres-
ence in the Old World, it seems that its arrival in
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South America was very recent. At present, the
fruit of some cultivars (for example, Zucchini
and Cocozzelle) has a nutritional and commer-

cial role in several regions of the world.

Uses and nutritional value

Like the other cultivated species of the genus,
the mature or young fruit and the seeds of
C. pepo, as well as to a lesser extent the flowers
and young tips of the stems, are eaten in many
parts of its native distribution area and in other
regions of the world. C. pepo’s nutrient content is
similar to that described for the other cultivated
species.

Botanical description

C. pepo has: creeping plants which are compact
or semi-shrubby, annual, monoecious and pu-
bescent-scabrous; broadly ovate-cordate to trian-
gular-cordate leaves, 20 to 30 X 20 to 35 cm, with
or without white spots, often with three to five
deep lobules, and with denticulate to serrate-
denticulate margins. Tendrils have two to six
branchlets, or are simple and little developed
tendrils in the semi-shrubby types. It has pentam-
erous, solitary, axillary flowers, the males of
which have pedicels 7 to 20 cm 1in length, a
campanulate calyx of 9 to 12 mm, linear sepals of
12 to 25 X | to 2 mm, a tubular/campanulate
corolla, 5 to 10 cm long, which 1s divided into
five for up to one-third or more of its length; and
three stamens. The female flowers have sturdy,
sulcated pedicels of 2 to 5 cm; the ovary 1s glo-
bose, oblate, ovoid, cylindrical, rarely piriform,
smooth, ribbed or verrucose and multilocular;
and the calyx is very small. The fruit is very
variable in size and shape: smooth to heavily
ribbed, often verrucose and rarely smooth, with a
rigid skin varying in colour from light to dark
green, plain to minutely speckled with cream or
green contrasting with yellow, orange or two-
coloured. The flesh is cream to yellowish or pale

orange; it ranges from soft and not bitter to
fibrous and bitter, has numerous seeds which are
narrowly or broadly elliptical or rarely orbicular,
shightly flattened and 3 to 20 % 4 to 12 mm.

Ecology and phytogeography

Traditionally, C. pepo is cultivated from North
America to Central America and in some parts of
South America, although it is generally said to be
a crop of high areas. Like C. moschata, this spe-
cles covers a fairly wide range of altitudes.
In Mexico, there are native varieties which grow
from very close to sea level and in semi-dry
climates, such as the variety called tsol in Yu-
catdn, to others which are cultivated at altitudes
greater than 2 000 m, such as those called giiich-
es in Oaxaca. In Guatemala, the native cultivars,
commonly called giiicoy, are grown above
1 000 m, while tsols are sown in the low, hot
humid parts of the Petén below 500 m.

Genetic diversity

Limits of genetic stock. The primary genetic
stock of C. pepo is formed by the groups of edible
cultivars (ssp. pepo) and ornamental cultivars
(ssp. ovifera) as well as wild taxa (C. fraterna and
C. texana).

There are a great number of commercial culti-
vars with particular characteristics which, to-
gether with the local varieties referred to which
are grown mainly m Mexico, constitute an ex-
traordinary genetic stock. However, in contrast
to other species, this diversity does not represent
an important source of genes resistant to pests
and diseases, since C. pepo (including C. texana)
is probably the species with the greatest suscep-
tibility to the most important viral diseases that
attack cultivated species of Cucurbita.

Species that might represent a secondary ge-
netic stock are scarce, as most of the attempts at
hybridizing C. pepo with other wild or cultivated

species have required special techniques such as
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embryo culture; however, good results with hy-
bridization have been achieved in Mexico and
the United States.

Germplasm collections. Data obtained from the
gene banks show that C. pepo is the species of the
genus with the second highest number of acces-
sions (1 135). However, this refers only to
cultivated and edible forms, since those corre-
sponding to the two closest wild relatives are
very scarce and, in fact, those of C. fraterna were
completed only very recently. The gene banks
with the greatest representation of C. pepo culti-
vars are in the United States, Mexico and Costa
Rica.

Cultivation practices

In its native area of distribution, C. pepo is grown
both in maize fields and vegetable gardens as
well as in other more intensive systems. In the
former case, it is combined with maize, beans
and/or with one to three of the other cultivated
species of Cucurbita, while in the latter system
it may be found growing on plots or in small
groups, generally combined with other vegeta-
bles. Where it is grown commercially, it is gener-

ally found as the sole crop, occupying areas of

varying size.

In the region of Mixteca Alta, Mexico, and
particularly in San Andrés Lagunas, some local
variants have been found which are grown under
two different sets of conditions and at two differ-
ent times. One of these is known as heavy rain
gourd (calabaza de temporal); it is grown on
rocky ground, generally with abundant outcrops
of limestone and commonly with little soil — that
18, on dry ground. Sowing takes place in April
and May, depending on the appearance of the
first rains, and the ripe fruit is harvested in Octo-
ber and November. Another variant is known as
the bowl gourd (calabaza de cajete); it is grown
on ground called cajete (bowl), which is very flat

and humid and situated in small valleys which
are said to have once been occupied by lakes. In
this form, it is sown at the start of the driest period
of the year (February or March) and the ripe fruit
is harvested between July and September.

In Yucatdn, the tsol or “mensejo” variety is
grown, generally in vegetable gardens or inten-
sive husbandry systems such as those called co-
nucos (small farms) and pachpakal, and very
rarely in maize fields. It is a short-cycle variety;
sowing takes place approximately 15 to 20 days
after the start of the heavy ramnstorms (from May
to June); the unripe fruit for use as vegetables
is harvested from August onwards, while the
ripe fruit is available between September and
October.

Prospects for improvement

The three species Cucurbita argyrosperma,
C. moschata and C. pepo complement one anoth-
er in their natural areas of production, which
range from 0 to 2 000 m in their region of origin.
In the latter, evaluation of the primitive cultivars
needs to be stepped up and their germplasm used
to develop new cultivars that are more produc-
tive and of greater food value, or that are resistant
to diseases, especially viruses. As has already
been shown in the case of some species, there are
also local varieties which differ in their produc-
tion period. The direct use of these, or of the
genes that determine this characteristic, would
allow their period of availability at markets to be
extended.

The germplasm of the four species of Cucur-
bita should be urgently collected in their area of
natural distribution. Introducing varieties present
in other areas, such as C. moschata varieties
which are found in Africa and have a high caro-
tene content, and incorporating them in genetic
improvement programmes is also a matter of
urgency.

Boosting consumption, whether local or in the
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form of exports, requires the fruit to possess
characteristics adapted to consignment and
storage. There is a wide diversity of such charac-
teristics which can be used to produce superior
varieties.

Cucurbita spp. offer possible new uses
or more intensive uses, which can be widely
promoted. One is the preparation of purées or
similar foods, for which there would be a very
extensive genetic stock for determining organo-
leptic or nutritional characteristics, resulting in a
product superior to the one existing on
the markets and which is derived from other
products. We ought also to explore the possibility
of increasing the use of young stems, which are
the part of the plant with the greatest food value
because of the amino acid and vitamin content.
Varieties which produce more foliage could
even be bred for this purpose.

The use of seeds as dried fruit is common in
some areas of Mesoamerica and almost un-
known in others. The seeds are a good source of
protein and oil, and their industrial preparation
and marketing should be investigated.

There is still much to be done in terms of the
collection, conservation, evaluation and use of
regional or local varieties. These tasks are feasi-
ble, as the range of these crops is still to be found
in the rural communities of the New World. We
should not pass up the opportunity of utilizing
this material to produce superior varieties and

conserve their germplasm for future use.

Cucurbita moschata
Botanical name: Cucurbita moschata
(Duchesne ex Lam.) Duchesne ex Poiret
Family: Cucurbitaceae
Common names. English: pumpkin, winter
squash, musky squash, cushaw; Nahuat!:
tamalayota (Mexico, Colombia [Guerrero]);

calabaza (Mexico),

Spanish: ayote

(Guatemala to Costa Rica), auyama
(Panama to Venezuela), zapallo (Ecuador,
Peru), joko (Bolivia)

Origin, domestication and distribution
It was thought that C. moschata, like Cucurbita

Jicifolia, was of Asiatic origin. However, it is

now evident that it was domesticated in Latin
America, although it is still unclear what the
precise area of domestication of either species
was. On numerous occasions, it has been report-
ed to be in Mesoamerica and on other occasions
in South America, more specifically with its cen-
tre of origin in Colombia. The vestiges available
are undoubtedly difficult to interpret. The oldest
archaeological remains of this species were
found in northwestern Mexico (the caves of
Ocampo, Tamaulipas) and date from 4900 to
3500 Bc. Remains are also known in northern
Belize, in Tikal, Guatemala (2000 sc to ap 850),
and in Huaca Prieta, Peru (3000 Bo).

Electrophoretic analysis of isoenzymes has not
provided any substantial evidence. However, it
has enabled us to reaffirm the strong relationship
between this species and taxa of the C. argyro-
sperma group. Nor 1s the linguistic evidence very
clear: C. moschata is known by native names
both in the Mesoamerican region (mainly
in Mexico) and in South America; this, on the
other hand, supports the observation that both
regions correspond to two centres of the crop’s
diversification.

Furthermore, the variation in C. moschata
does not suggest any region in particular as the
centre of origin, since this species is extremely
variable in the morphology of its fruit and seeds.

The geographical distribution of the known
archaeological remains of C. moschata indicate
that it has been cultivated for more than 5 000 to
6 000 years. Its spread to other countries, both
within Latin America and outside the continent,
was certainly very early. This is shown by the
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existence of the variety called Seminole Pump-
kin, grown since pre-Columbian times by indi-
genous groups of Florida in the United States,
and also by its appearance in seventeenth-
century botanical illustrations. Such an early
spread must have been very continuous and in-
tense since, in the last decade of the nineteenth
century, the species was cultivated in India, Java,
Angola and Japan.

Uses and nutritional value

In the greater part of C. moschata’s native area,
its flowers, young stems and young and ripe
fruits are eaten as a vegetable. The latter are also
commonly used to prepare sweets and as fodder.
The seeds are eaten whole, roasted or toasted and
are ground into different stews. They have high
oil and protein contents (similar to those noted
in C. argyrosperma) and their consumption in
urban areas is also fairly common.

Botanical description

C. moschata is a creeping and climbing plant. It
is herbaceous, annual, monoecious, lightly and
densely pubescent, with short and long uniseriate
trichomes and caulescent vegetative apices that
are fairly reflexed. It has slightly angular stems.
Its leaves have petioles of 30 cm or more, are
broadly ovate-cordate to suborbicular, measure
20 to 25 x 25 to 30 cm, have white spots, are
slightly lobate with three to five ovate or triangu-
lar lobules, have an obtuse apex that is briefly
apiculate, serrate-denticulate margins and three
to five ramified tendrils. C. moschata has pen-
tamerous, solitary, axillary flowers. The male
flowers have 16 to 18 cm pedicels and a very
short calyx, are broadly campanulate to pateri-
form, expanded or foliaceous towards the apex,
5 to 13.5 cm long, with five divisions for up to
one-third of their length. The female flowers
have thick pedicels of 3 to 8 cm in length, and
a globose, ovoid, oblate, cylindrical, piriform,

conical, turbinate ovary. They have a very small
calyx and sepals that are more often foliaceous
than in the males, measure up to 7.5 cm in length
and are of thickened style. They have three lobate
stigmas. The fruit varies greatly in size and shape
generally following the form of the ovary):
smooth or with rounded ribs, rarely verrucose or
granulose, with a rind that 1s both thickened and
durable and soft and smooth, and of a very vari-
able colour —light green to uniform dark green or
with cream spots, light to dark, or completely
white. The flesh is light or bright orange to
greenish, ranges from light to very sweet, is soft
and generally not fibrous. It has numerous seeds
which are ovate/elliptical, measuring 8 to 21 x 5
to 11 mm and which have a yellowish-white
surface.

Ecology and phytogeography

In botanical literature, C. moschata is reported as
being grown mainly in areas of low altitude with
a hot climate with high humidity. However,
while it is true that this species is preferentially
grown within these limits, they do not appear to
be strictly adhered to, as variants have recently
been found above 2 200 m in Qaxaca, Mexico.

Genetic diversity
Limits of genetic stock. The wide range of alti-
tudes at which C. moschata is cultivated within
the American continent, the considerable mor-
phological diversity of its seeds and fruit (colour,
shape, thickness and durability of the fruit’s
skin), the existence of varieties with life cycles
of different duration as well as the existence
of numerous cultivars developed in other parts
of the world and of local varieties with excel-
lent agronomic characteristics, clearly indicate
that the genetic variation of this species is very
extensive.

Some interesting regional varieties for Latin
America are those existing on the Yucatdn penin-
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sula (and possibly in other regions of Latin
America), with two life cycles of different dura-
tion, and those cultivated in Guanajuato and Chi-
apas, in which resistance to some viral diseases
was recently found. Among the former, the short-
cycle variety commonly grown in Mayan vege-
table gardens is of great interest, since it was
certainly from this that the most commercially
important variety in the region was derived. It
should be mentioned that those cultivated in
Guanajuato and Chiapas are currently being used
In genetic improvement programmes.

With regard to the sources of variation of
C. moschata cultivars developed outside its area
of origin, the best example is that of a cultivar,
native to Nigeria, which represents the only
source of resistance to certain viral diseases. The
possibilities of hybridization that C. moschata
has shown with other cultivated species (for ex-
ample, C. maxima) enable us to affirm that there
are good prospects for the improvement of these
Crops.

Another part of the genetic stock of
C. moschata 1s represented by the numerous
commercial cultivars that have been developed,
mainly in the United States and to a lesser extent
in Brazil. Prominent among these are Butternut
Squash, Golden Cushaw, Large Cheese, Tennes-
see Sweet Potato, Kentucky Field, Menina Bra-
sileira and others. Some of these commercial
cultivars also have different levels of resistance
and/or susceptibility to certain diseases, which is
indicative of the wide genetic variation of this
species.

Germplasm collections. C. moschata is the best
represented of Cucurbita in the gene banks of
America, in which more than 2 000 accessions
have been deposited. These come chiefly
from Mexico and Central Americaand to a lesser
degree from South America and other regions of

the world. The most important accessions are

those from the United States and Costa Rica.
Collectively, the accessions are made up of
American material, mainly from Central Ameri-
ca. For its part, the CIFAP collection in Mexico
1s possibly the most representative of C. mos-
chata’s variation in that country.

Cultivation practices

The different variants of C. moschata are grown
under traditional, heavy rain agricultural sys-
tems. It is possible to find varieties grown
in maize fields together with maize, beans and
one or two other Cucurbits, or in vegetable gar-
dens and other more intensively managed farm-
land where they are grown alone or with other
species. Sowing is carried out at the start of the
rainy season and the development time is approx-
imately five to seven months, although there are
varieties with a very short cycle (three to
four months) such as those mentioned from the
Yucatdn peninsula. In the long-cycle varieties,
the young fruit to be used as vegetables is har-
vested approximately three months after sowing,
while the ripe fruit for seed is harvested mainly
between the sixth and seventh month.

In the Mixe region and other regions of
the state of Oaxaca, C. moschata is also grown in
the cold, dry season of the year on moisture-
retaining ground. Cultivation is even carried out
with the help of irrigation in some parts of the
state of Sonora and some short-cycle varieties
have also been observed on the Yucatdan peninsu-
la where they are grown for commercial purposes
in humid soils or using unusual substrates
(henequen fibre waste) and irrigation.

It 1s likely that varieties such as the ones de-
scribed, and possibly others, are grown more
commonly than i1s thought or known on the
American continent. There are some old refer-
ences to a considerable variation in Colombia,
but its current situation has to be properly docu-
mented and evaluated.
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Cucurbita ficifolia

Botanical name: Cucurbita ficifolia

Bouché

Family: Cucurbitaceae

Common names. English: fig leaf
squash, Malabar gourd, cidra, sidra;
Nahuatl: chilacoyote (Mexico, Guatema-
la); Spanish: lacoyote (Peru, Bolivia,
Argentina), chiverri (Honduras, Costa

Rica), victoria (Colombia)

Origin, domestication and distribution

At the end of the last and the beginning of this
century, some authors were suggesting an Asiat-
ic origin for Cucurbita ficifolia. Since the middle

of this century, the consensus has been that it is of

American origin. However, its centre of origin
and domestication are still unknown. Some au-
thors have suggested Central America or south-
ern Mexico as places of origin, while others
suggest South America, and more specifically
the Andes. Biosystematic studies have been una-
ble to support the Mexican origin suggested by
the distribution of common names derived from
Nahuatl throughout America.

Archaeological vestiges point to a South
American origin, since the oldest remains are
Peruvian, but biosystematics have not been able
to confirm this hypothesis either.

Attempts at obtaining hybrids beyond the first
generation with the other four cultivated species
have failed and the few results obtained have
required the use of special techniques such as
embryo cultivation. These results have been cor-
roborated by other studies which reveal that C.
Jicifolia shows considerable isoenzymatic and
chromosomic differences compared with all the
taxa of the genus.

In addition to the foregoing observations, the
recent discovery that Peponapis atrata does not
appear to be a specific pollinator of C. ficifolia
has led to the suggestion that the wild ancestor of

this species might have been a still undiscovered
species whose habitat could be the eastern region
of the Andes. This is why the possibility of using
wild (or cultivated) species in future programmes
for the genetic improvement of this crop and their
use in the improvement of other cultivated spe-
cies of the genus is still remote. The importance
of these programmes lies in the fact that collec-
tions have been identified which are resistant or
completely immune to the attack of different
viruses that severely affect other cultivated
species.

The cultivation of C. ficifolia ranges from
northern Mexico to Argentina and Chile. Its
spread to Europe (France and Portugal, for exam-
ple) and Asia (India) apparently began in the
sixteenth and seventeenth centuries when its fruit
reached the Old World from South America and
India. Since then, its cultivation has spread
to many other parts of the world (Germany,
France, Japan and the Philippines).

Uses and nutritional value

The different parts of C. ficifolia plants are put to
various food uses throughout its distribution area
in America. The unripe fruit is eaten boiled as a
vegetable, while the flesh of the ripe fruit is used
to prepare sweets and soft or slightly alcoholic
drinks. The seeds are also greatly valued and in
Chiapas, Mexico, they are used with honey to
prepare desserts known as palanquetas.

In some regions of Mexico (and perhaps other
countries of the continent), the young stems (or
“runner tips”) and also the flowers are eaten as a
cooked vegetable, while the ripe fruit is used as
fodder for domestic animals. The latter is the
commonest use in the Old World where this
species has been introduced.

The most important nutritional value is found
in the seeds which provide a considerable source
of protein and oil. As indicated by its white
colour, the flesh of the fruit is deficient in beta-
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carotene, and has a moderate quantity of carbo-
hydrates and a low vitamin and mineral content.

Recent research in Chile has shown that some
proteolytic enzymes from the flesh of C. ficifolia
fruit can be used to treat waste water from the
industrial processing of foods derived from fish.
This discovery is of great interest because of the
reduction in costs that these industries could
achieve by using enzymes which would replace
those imported at present.

In Japan and Germany, it has been used as a
support or rootstock for the winter production of

cucumber (Cucumis sativus L.) in greenhouses.

Botanical description

C. ficifolia is a creeping or climbing plant, mon-
oecious, annual —although persistent for a certain
period, giving the impression of being a short-
lived perennial — without swollen reserve roots. It
1s resistant to low temperatures but not to severe
frosts. It is villose to softly pubescent, with some
short, sharp spines dispersed over the vegetative
parts. It has five vigorous, slightly angular stems
and leaves with 5 to 25 cm petioles that are ovate-
cordate to suborbicular-cordate, with or without
white spots on the surface, and have three to
ftve rounded or obtuse, apiculate lobules, the
central one bigger than the lateral ones. They
have denticulate margins and three to four rami-
fied tendrils. The flowers are pentamerous, soli-
tary, and axillary. The male flowers are long and
pedicellate, have a campanulate calyx thatis 5 to
10 mm long and almost as wide, 5 to
15 x 1 to 2mm linear sepals and a tubular-
campanulate corolla that 1s rather broader to-
wards the base, 6 to 12 cm long and yellow to
pale orange. They have three stamens. The fe-
male flowers have sturdy peduncles, 3 to 5 cm
long, an ovoid to elliptical, multilocular ovary;
sepals that are occasionally foliaceous and a co-
rolla that is somewhat larger than that of the male
flowers. They are of a thickened style and have

three lobate stigmas. The fruit is globose to
ovoid-elliptical, with three colour patterns: i)
light or dark green, with or without longitudinal
white lines or stripes towards the apex;
it) minutely spotted white and green; 7ii) white,
cream or flesh white. The flesh is sweet and the
seeds are ovate-elliptical, flattened, 15 to 25 x 7
to 12 mm, and a dark brown to black or creamy
white colour.

Ecology and phytogeography

C.ficifoliais grown over a wide distribution area
from 1 000 to almost 3 000 m in practically all
the mountain ranges of Latin America. The re-
striction of cultivation to areas of considerable
altitude is a distinctive characteristic of C. ficifo-
lia compared with other cultivated species of the
genus, which can generally grow ina wider range
of ecological conditions (in the case of C. pepo
and C. moschata, from 8 to 2 300 m).

Genetic diversity

Limits of genetic stock. In view of the reproduc-
tive incompatibility of C. ficifolia with the other
species of the genus, it may be said that its genet-
ic stock is limited to itself. However, in other
respects this species is much less different than
are other cultivated species of the genus, and
there are no commercial cultivars. Among
1ts most notable morphological variations are the
coloration and size of its fruit and seeds. The
scant morphological variation of this species is
consistent with that observed in the patterns of
1soenzymes studied so far.

From the agronomic point of view, it 1s possi-
ble to acknowledge the existence of some genetic
diversity for C. ficifolia for two reasons:

¢ it 1s cultivated in a wide geographic range

where conditions are only relatively uniform
as regards altitude, but different from the
point of view of other local ecological fac-
tors;
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o it 1s grown both without distinction both
under agricultural systems with high compe-
tition (for example, heavy rain maize fields)
and under others with less competition or
which allow a more intensive cultivation
(for example, maize fields cultivated in the
dry season on humid ground, vegetable gar-
dens and plots).

However, none of these aspects has so far been
evaluated.

Productivity, as regards the number of fruits
and the quantity of seeds per fruit, is another
aspect which possibly reflects the genetic diver-
sity of the species and which, again, is insuffi-
ciently documented. Field observations have
revealed that some medium-sized fruits contain
500 or more seeds and that each plant can pro-
duce more than 50 fruits.

Germplasm collections. Accessions of C. ficifo-
lia germplasm are the least abundant of all those
existing for the cultivated species of Cucurbira.
In addition, they are not very representative of its
geographical distribution. There are 338 acces-
sions to be found in America’s gene banks; these,
added to another 82 deposited with institutions of
countries outside the continent, make a total of
420. However, many of the accessions are dupli-
cates, which reduces their number by about half.

Cultivation practices

C. ficifolia is a crop grown mainly in traditional
heavy rain agricultural systems, which shows
that the start of the rainy season corresponds to
the sowing time, while harvesting takes place
from the end of September (young fruit and
flowers for vegetables) to December or January
(ripe fruit for seed and flesh). In some regions
of Mexico, such as Mixteca Alta in Oaxaca, it
has been found that, in addition to being cultivat-
ed during the rainy season on heavily rain-fed
terrain, this species is also grown during the dry

season on more humid ground (valleys or areas
where the soil drainage is slightly deficient). In
these cases, sowing is carried out in the
early months of the year and the crop is harvested
from the dry season (April) until that correspond-
ing to summer (May to July). This has made it
possible to ensure almost uninterrupted produc-
tion throughout the year.

The only form of propagation is the sowing of
seed, together with one of the traditional crops of
this type of agriculture (maize, bean and other
species of Cucurbita), or else cultivation in veg-
etable gardens along with other species or by
itself. The ripe fruit is harvested and selected for
seed. It can be stored for long periods (18 to
20 months) and it is frequently seen drying on the

roofs of farmers’ houses.
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Botanical name: Sechium edule (Jacq.) Sw.
Family: Cucurbitaceae

Common names. English: chayote, Madeira
marrow, vegetable pear; Nahuatl: chayote
(Mexico, Nicaragua, Costa Rica, Panama);
Spanish: cidrayota (Colombia), gayota
(Peru), huisquil, giiisquil or uisquil (Mexico
[Chiapas], Guatemala, El Salvador), papa
del aire, cayota (Argentina); Portuguese:
chocho, chuchu, xuxu, machiche, machuchu
(Brazil); French: christophine, mirliton
(Haiti, Guadeloupe, Bermuda, Trinidad and
Tobago, United States [Louisiana], French
Guyana)

Origin and domestication

Unlike other crops, there 1s no archaeological
evidence to indicate how long S. edile has been
cultivated. Its fleshy fruit, which has a single
seed with a smooth testa, does not allow it to be
preserved and, as far as is known, no pollen
grains or other structure of this species have been
identified on archaeological sites.

Chroniclers from the time of the conquest
record that, in Mexico at least, the chayote has
been cultivated since pre-Columbian times. As
regards linguistic references, the common names
of native origin are concentrated mainly in
Mexico and Central America. Exploration

The author of this chapter is R. Lira Saade (National
Herbarium of Mexico, Mexico City), who wishes to
thank E. Valverde and E. Chinchilla (CINDE, Costa
Rica).

Chayote
(Sechium edule)

records concur in the finding that the widest
variation of S. edule under cultivation is found
between southern Mexico and Guatemala. The
geographical distribution of the wild relatives of
S. edule also testifies to the Mesoamerican origin
of this crop.

The closest relatives to S. edule are:

 the so-called wild forms of S. edule, the
taxonomic positions of which are unre-
solved since they are distributed in an ap-
parently natural way in the Mexican states
of Veracruz, Puebla, Hidalgo, Oaxaca and
Chiapas;

o S.compositum, a species restricted to south-
ern Mexico (Chiapas) and Guatemala;

» S. hintonii, a species endemic to Mexico,
until recently considered to be extinct and
which grows in the states of México and
Guerrero and possibly 1n Jalisco;

« a new species of the Sechium selection
which grows in the north of the state of
Oaxaca.

From the foregoing it has been possible to
corroborate the fact that S. edule 1s a species
which was undoubtedly domesticated within the
cultural area of Mesoamerica, and specifically in
the region lying between southern Mexico and
Guatemala.

Chayote cultivation is widely distributed in
Mesoamerica. It was introduced into the Antilles
and South America between the eighteenth and
nineteenth centuries. The first botanical descrip-
tion mentioning the name Sechium was in fact
done in 1756 by P. Brown who referred to plants
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grown in Jamaica. During this same period, the
chayote was introduced into Europe whence 1t
was taken to Africa, Asia and Australia, while 1ts
introduction into the United States dates from the
late nineteenth century.

Uses and nutritional value

The chayote is used mainly for human consump-
tion. The fruit, stems and young leaves as well as
the tuberized portions of the roots are eaten as a
vegetable, both alone and plain boiled, and as an
ingredient of numerous stews. Because of its
softness, the fruit has been used for children’s
food, juices, sauces and pasta dishes. In Mexico,
an attempt has been made to increase the life of
the fruit by drying it. The results have been
positive and have enabled jams and other sweets
to be prepared while also producing dried fruit
which can be used as a vegetable after a certain
time. Because of their flexibility and strength, the
stems have been used in the craft manufacture
of baskets and hats. In India, the fruit and roots
are not only used as human food but also as
fodder.

The edible parts of S. edule have a lower fibre,
protein and vitamin content than other plants.
However, the calorie and carbohydrate content is
high, chiefly in the case of the young stems, root
and seed, while the micronutrients and macronu-
trients supplied by the fruit are adequate. The
fruit and particularly the seeds are rich in amino
acids such as aspartic acid, glutamic acid,
alanine, arginine, cysteine, phenylalanine, gly-
cine, histidine, isoleucine, leucine, methionine
(only in the fruit), proline, serine, tyrosine, thre-
onine and valine.

The chayote also has medicinal uses; infusions
of the leaves are used to dissolve kidney stones
and to assist in the treatment of arteriosclerosis
and hypertension; infusions of the fruit are used
to alleviate urine retention. The cardiovascular
properties of the infusions of leaves have been

tested in modern studies, while their great effec-
tiveness in curing kidney diseases has been
known since colonial times on the Yucatdn pe-

ninsula, where these ailments are very common.

Botanical description

S. edule s a perennial, monoecious climber, with
thickened roots and slender, branching stems up
to 10 m long. Its leaves are on sulcate petioles of
8 to 15 cm in length, they are ovate-cordate to
suborbicular, measure 8 to 18 X 9 to 22 cm, are
slightly lobate (with three to five angular lobes)
and have minutely denticulate margins and three
to five divided tendrils.

The flowers are unisexual, normally pentamer-
ous, coaxillary and with ten nectaries in the form
of a pore at the base of the calyx. The staminate
flowers grow in axillary racemose inflorescences
that are 10 to 30 cm long, and the groups of
flowers are distributed at intervals along the ra-
chis. The calyx is patteliform and 5 mm wide, the
sepals triangular and 3 to 6 mm long, the petals
triangular, greenish to greenish-white and meas-
ure 4 to 8 X 2 to 3 mm. There are five stamens, and
the filaments are fused almost along their total
length, forming a thickened column which sepa-
rates at the apex into three or five short branches.
The pistillate flowers are normally on the same
axilla as the staminate flowers; they are usually
solitary but are occasionally in pairs; the ovary is
globose, ovoid or piriform, glabrous, inerm and
unilocular; the perianth is as in the staminate
flowers but has slightly different dimensions; the
styles are fused in a slender column and the
nectaries are generally less evident than in the
staminate flowers. The fruit is solitary or rarely
occurs in pairs; it is viviparous, fleshy and some-
times longitudinally sulcate or crestate; it is of
very different shapes and sizes, indumentum,
number and type of spines; it is white and yellow-
ish, or pale green to dark green with a pale green
to whitish flesh that is bitter in the wild plants and
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not bitter in the cultivated ones. The seed is ovoid
and compressed with a soft and smooth testa.

Ecology and phytogeography

S. edule is grown traditionally in many regions of
the world, preferably between 800 and 1 800 m
altitude. In many regions there are variants adapt-
ed to cultivation at sea level (in Rio de Janeiro
and Yucatan), in other regions it occurs above
2 000 m (in Bolivia and in the states of Oaxaca
and Chihuahua in Mexico). The wild taxa closest
to S. edule show a similar distribution of alti-
tudes, since they grow between 50 and 2 100 m.
The chayote is cultivated in a more intensive way
and for commercial purposes in Costa Rica, Gua-
temala, the Dominican Republic and Mexico.
The range cultivated i1s minimal and always in
accordance with consumer requirements.

The floral biology of S. edule has been studied
in detail: there are various patterns in the struc-
ture and sexual expression of the staminate and
pistillate flowers, which seem to be determined
by genetic, environmental and seasonal factors
and by the age of the plants.

Pollination is entomogamous. Among the
most efficient pollinators are species of native
bees of the genus Trigona, chiefly in areas of
medium and low altitudes and which are free
from pesticides, and the honeybee (Apis melli-
Jfera) on commercial plantations where the use of
pesticides is very frequent. Secondary polli-
nators include wasps of the genera Polybia,
Synoeca and Parachartegus.

The fruit of S. edule is viviparous, viz. the
seeds germinate inside the fruit even when it is
still on the plant. This characteristic does not
occur in any of the wild species, in which the
seeds germinate asynchronically after falling to
the ground. A possible explanation for the vivi-
parism of the cultivate species is that the process
of domestication may have resulted in suppres-
sion of the dormancy mechanisms.

Genetic diversity

Few cultivated species display the great diversity
of shapes, sizes, ornamentation, armature, indu-
mentum and colours as those found in the fruit of
the S. edule. However, this diversity, which 1s
present in the most varied combinations, has
made it difficult to define cultivars. When refer-
ence is made to the different types of S. edule,
therefore, it is rather i connection with local
races or variants. In addition to morphological
diversity, variants exist in the fruiting periods.
An example of this has been observed in Oaxaca
and Chiapas where local variants can yield be-
tween one and four harvests a year. This type of
variation has also been cited in the case of other
regions.

The considerable diversity farmed by tradi-
tional growers contrasts with the relative
homogeneity observed in fruit produced on com-
mercial plantations. In these cases, the fruit must
comply with the quality requirements demanded
by the market: piriform, light green, smooth,
about 15 cm long and 450 g in weight; with no
physical damage or blemishes caused by patho-
gens; and with a suitable texture and sweet and
pleasant {lavour.

The wild relatives closest to S. edile are
S. compositum and S. hintonii, whose distribu-
tion area is in Mexico and Guatemala. Because of
a lack of agronomic evaluations, these species
have not been used in genetic improvement pro-
grammes which are so necessary in the search for
sources of disease resistance.

Germplasm collections. The germination char-
acteristics of S. edule seeds do not allow them to
be preserved using simple, orthodox methods.
This means that the specimens have to be pre-
served in field collections which require careful
handling.

This type of limitation is evidenced by the
disappearance of some of the few collections of
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the genus Sechium. Between 1988 and 1990, the
biggest collection of cultivated S. edule in the
world (at CATIE in Turrialba, Costa Rica) as
well as other smaller but equally important col-
lections (for example at CIFAP in Celaya, Mex-
1co) were lost. Fortunately, there are still
mstitutions in the world that are endeavouring to
preserve this important genetic stock, at least
insofar as the variation of the cultivated species is
concerned. Thus, m Mexico there is the collec-
tion in the hands of the UACH in Veracruz, with
around 150 specimens of cultivated types from
Puebla, Veracruz, Oaxaca and Chiapas. This is
the only collection which currently preserves
plants of some of the most important wild rela-
tives of the chayote, such as S. compositum and
the wild types of S. edule. Two other institutions
caring for collections of S. edule are the Instituto
Superior de Ciencias Agropecuarias of Nicara-
gua (Centro Experimental Campos Azules) and
the Centro Nacional de Pesquisas de Hortalizas,
EMBRAPA, Brazil.

Cultivation practices

S. edule 1s grown in the traditional way on family
plots and in backyards and vegetable gardens.
The viviparous characteristic of its {ruit is famil-
1ar to peasant farmers, so that fruit selected for
consumption is kept — without being allowed to
germinate — by a small cut or puncture made in
the embryos, while those selected for seed are
simply allowed to ripen until it 1s decided to plant
them.

The normal and most effective form of propa-
gation is from seed. The most widespread sowing
practice consists of planting one or more whole
fruits. However, on some smallholdings the seed
is carefully removed and sown in pots or other
media that enable it to be handled for subsequent
transplantation in the final sowing plot.

In areas of traditional production, the sowing

plot 1s prepared beforehand by making a hollow

in the soil that is big enough to allow the roots to
attain maximum development. Next to the sow-
ing plots, a frame of wood or other materials is
commonly erected so that the plant can grow on
it quickly. For the same reasons, sowing is also
frequently carried out close to a tree. During the
first weeks of development, the amount of care
given is relatively high (irrigation, fertilization
with animal or chicken manure, eic.), although
attention to the root (protection against physical
damage and application of organic fertilizers) is
considered of great importance throughout the
plant’s life cycle.

Sowing can be done at any time of the year,
although it generally takes place at the beginning
of the rainy season. The average length of the
plants’ productive cycle is three years or, in
exceptional cases, eight.

On commercial plantations, sowing 1s carried
out using rooted cuttings or selected seed. The
plants are sown on permanent beds with trellises
and are laid out at distances that allow the easiest
possible harvesting, transport to cold-storage
rooms and packaging. On the commercial type
of plantations, chemical and foliar fertilizers
are generally used as well as herbicides and
nematicides. The leading commercial producer
and exporter of chayote fruit is Costa Rica, fol-
lowed by Guatemala, Mexico and the Dominican
Republic.

Prospects for improvement
In spite of the fact that the whole of the S. edule
plant can be used and with numerous applica-
tions (parts of the plant are used for different
purposes), in several countries the majority of
these uses have not become widespread and ways
have not been devised to make them accessible to
sectors of the population other than the peasant
community.

The most widespread uses at all levels is that of

the fruit as a table vegetable and in the prepara-
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tion of some industrialized foods. Commercial
demand requires a morphologically homogene-
ous production which rules out the possibility of
the considerable range of fruit produced under
traditional cultivation systems appearing on the
market. However, as the standards required for
export are very different from those accepted for
the product for local consumption, it is not very
likely that the usual varieties will be abandoned
and that a serious genetic erosion will occur in the
species. A plan to intensify and diversify S. edule
production would have to include the following
projects:

* The establishment of permanent gene banks
in several localities of Mesoamerica to
maintain varietal diversity, wild populations
and related congeners. These collections can
be used to evaluate resistance to diseases,
type of growth and organoleptic characteris-
tics of the fruit. They will allow growers to
be supplied with new sowing material and
will be used as a basis for genetic improve-
ment.

 Programmes for selecting varieties with a
highroot yield or a high production of young
stems. Both are popularly accepted consum-
er items. with a high nutritional value and
potential use as a basic material in agro-
industries.

¢ The development of vegetative propagation
methods that will provide growers with sow-
ing material at reasonable prices.

* Basic studies on the most important diseases
(Ascochyta phaseolorum, Mycovellosiella
cucurbiticola, Fusarium oxysporum and
complexes of these and other species), par-
ticularly those which attack the fruit and
which cause 35 to 40 percent of the rejects in
commercial production.

* Identification of problems in postharvest
handling, packaging and storage during the
marketing process.
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There are an estimated 2 200 species of

Annonaceae n the world. These include numer-
ous fruit-trees, especially of the genera Annona
and Rollinia; the majority of Annona species and
all the Rollinia species originate from the New
World.

Many of these species were carefully cultivat-
ed by indigenous peoples in Mesoamerica, the
mter-Andean valleys, the Amazon region and
other areas. Other Annonaceous fruits of the New
World include species of Asimina, Duguetia,
Fusaea and Porcelia. These fruit-trees have a
considerable diversity and degree of adaptation
to different environments and are valuable mate-
rial for hybridization, selection and vegetative
propagation studies. The high nutritional value
of the fruit, its very distinct flavours and aromas
and its attractive shapes and colours justify these
efforts.

There are three species, Annona cherimola,
A. muricata and A. squamosa, which are margin-
al in several regions of tropical America; in other
regions, the technology for producing and han-
dling the product has been developed to such a
degree that they cannot really be included in this
category. The known techniques and selected
cultivars can be extended to regions where culti-
vation is still underdeveloped. Another three,
A diversifolia, A. reticulata and A. scleroderma,

however, have been marginalized in spite of their

intrinsic value and potential as fruit-trees.

The author of this chapter is H. Mahdeem (Boynton
Beach, Florida, USA).

Custard apples
(Annona spp.)

The fruit of the Annonaceae must not be seen
solely as a luxury item for rich consumers, but
also as part of the diet of indigenous populations.
This fruit is not only special because of its good
flavour; it is also highly nutritional. Its food value
varies considerably, but most forms have an
abundance of carbohydrates, proteins, calcium,
phosphorus, iron, thiamine, niacin and ribofla-
vin, while some are rich in magnesium, ascorbic
acid and carotene. If they were plentiful and sold
at reasonable prices, they would considerably
improve the nutrition of many people.

Annona cherimola Miller, the cherimoya, is
thought to originate from cold but frost-free val-
leys of the Andes at an altitude of between 700
and 2 400 m.

Excellent cultivars are known, all produced by
vegetative propagation, which are planted on a
commercial scale in Spain, Chile, Australia, Isra-
el, the United States (California, Florida) and
the island of Madeira. The fruit is sold in the
supermarkets of many countries and is highly
regarded.

The commercial cultivars include Bay Ott,
Chaffey, Dr White, Libby, Nata, Orton and
Spain.

In the regions where the cherimoya is still a
marginal crop, new methods must be applied:
artificial pollination, grafting of superior culti-
vars either on to stock of the same species or on to
stock of A. squamosa or A. glabra; the control of
anthracnosis and seed-boring insects; the control
of green leathoppers; and fruit handling and

packaging.
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A. muricata L. (English: soursop; Spanish:
guandbana; Portuguese: graviola) is possibly
native to the Antilles and to the northern part of
South America. It grows between 0 and 1 000 m
altitude. Its commercial production has been de-
veloped in Brazil, Venezuela, Costa Rica and
other countries for local consumption and export.
Cultivation practices have been established in the
production areas mentioned; they include the
control of insects and diseases and protection of
the fruit in plastic bags. There is a great deal of
variation in fruit size and sugar content. Trees of
higher quality or resistance must be grafted on
to stocks of the same species of A. purpurea
and A.montana or, with great difficulty, on
A. glabra.

A. squamosa L. (English: sugar apple, sweet-
sop, custard apple; Spanish: sarumuyo, anon;
Portuguese: ata, pinha) seems to be native to
southeastern Mexico, in dry areas and between
0 and 1 000 m, although it grows well in regions
of medium humidity. It has spread throughout the
tropics and displays great variability in India. It is
propagated by seed with satisfactory results;

however, commercial cultivars are grafted. Of

these, Red Sugar, with a red skin and white flesh,
1s recommended. The main problems are seed-
boring insects, the green leathopper, the tenden-
cy towards mummification of the fruit and
harvesting and packaging difficulties caused by
the fruit’s lack of firmness.

The name “atemoyas”, derived from “ata” (in
Portuguese) and ““‘cherimoya”, is given to hybrids
between these two species. Several cultivars are
known which are sown commercially in the
United States (Florida) and Australia. The best
atemoyas combine adaptation to low altitudes
and hot climate and the high productivity and
good flavour of A. squamosa with the firm skin,
low flesh/seed ratio and the flavour and aroma of
A. cherimola so that, from the standpoint of
quality and packaging, the product is comparable

to the best cherimoyas, although it has a higher
sugar content. At present, crosses are being made
between cultivars of cherimoya and A. squamosa
Red Sugar and M-2, with the aim of obtaining
atemoyas with red- or pink-skinned fruit, which
is more attractive than the green fruit of those
currently available. The most famous green cul-
tivars are Gefner in Israel and the United States
and African Pride in Australia.

Annona diversifolia
Botanical name: Annona diversifolia Saff.
Family: Annonaceae
Common names. English: tlama; Spanish:
anona blanca; other: ilama, ilamatzapotl,

izlama, papausa

This fruit-tree, which is very highly regarded in
its area of origin, has not been developed as it
deserves, since it is virtually planted exclusively
by indigenous peoples. Although it is greatly
esteemed and fetches a good price on the markets
of Guatemala, its cultivation does not attract
other agricultural owners, nor do the latter obtain
bank credit for this tree, whereas they do obtain it
for exotic fruit-trees. Other factors that add to its
neglect are: the tree’s low productivity; the diffi-
culty of seed germination (although methods to
encourage germination artificially are already
known); and the short shelf-life of the fruit at the
markets (two to three days at ambient tempera-
ture). If it is left to ripen on the tree, the fruit
splits, but if it is picked in this state and stored at
normal temperature, the splits scar over. In Gua-
temala, it is customary to pick the fruit split in
this way and to ripen them subsequently in crates
or other closed places.

Botanical description
A. diversifolia is distinguished from other spe-

cies of Annona in that it has two classes of leaf:
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FIGURE 7
Custard apples: A) Annona scleroderma; B) A. diversifolia; C) A. reticulata; D) A. cherimola; E) A. muricata,

F) A. squamosa
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the usual obovate, glabrous leaves with a petiole;
and leaves in the form of round, deciduous bracts
without a petiole, which grow on the base of the
small branches. The undersides of the leaves,
small branches and fruit have a powdery, whitish
appearance, which is more noticeable in the
white-fleshed varieties.

The flowers have three outer petals that are 2 to
Scm long, and three minute inner petals; the
colour is a varietal characteristic and ranges from
pink to purplish red.

The fruit, which is about 12 cm long, has
white, pink or reddish flesh. with a typical aroma
and a sweet, exquisite flavour which, according
to most people, is superior to that of the cher-
imoya. The fruit 1s very resistant and sometimes
completely immune to attack from seed-boring
insects.

Ecology and phytogeography

The ilama grows between 0 and 1 800 m on the
Pacific slope from central Mexico to El Salvador,
but it is sown more intensively between 200 and
600 m in southwestern Guatemala. This region
has a pronounced dry season (December to
March), with an annual rainfall of between 1 000
and 1 400 mm and very fertile volcanic soils.

Genetic diversity

A. diversifolia is grown alone in vegetable gar-
dens with few trees, and a wide variability is
noted. This 1s particularly expressed in the char-
acteristics of its fruit: its colour (see list of culti-
vars); its texture, which can range from slightly
pasty to juicy, soft or with concentrations
of harder grain; and its sweet taste, with a typi-
cal aroma. Following is a list of A. diversifolia
cultivars:

* Fairchild, Rosendo Pérez, Guillermo and
Gramajo have a thick-skinned, greyish
green fruit with prominent round areoles and
pink flesh. Rosendo Pérez and Gramajo

have big fruit. (These cultivars have been
bred for Florida.)

» Imery (bred in El Salvador) has big fruit that
has a thinner skin, low prominences, is pink-
ish green (greyish brown when ripe) and has
pink flesh with bolder spots.

» Pajapita has a soft, pink surface (brown
when ripe) and bright-pink flesh.

o Nilito has a slightly irregular surface, which
is bluish green, and red flesh.

» Roman has smaller fruit with a hard skin,
which is bluish green with pink spots, and
purple flesh.

o (zenova white has a smooth, thin, whitish
green skin, and white flesh.

e Efrain has up to 200 fruits per tree.

Guatemalan markets sell an ilama that has
bluish green fruit, with swirling marks such as
those in a Van Gogh painting, and delicious
bright-red flesh which is easily separated from
the seeds. The trees from which this fruit comes
have not yet been studied.

The only region to be evaluated as regards
genetic erosion is southwestern Guatemala,
where the problem does not seem to be serious.
There are no gene banks, nor are any preservation
techniques known other than live collections.
The most promising areas for future exploration
are southwestern Guatemala and the state of
Chiapas in Mexico.

Cultivation practices

The ilama 1s only grown together with other fruit-
trees, on the patios of houses or on smallholdings
belonging to indigenous peoples. It is always
propagated by seed with along dormancy period
which is difficult to interrupt. The seeds should
not be sown without being pretreated to interrupt
dormancy, such as soaking them in a solution of
gibberellic acid, exposing them to the sun, im-
mersing them in hot water or storing them for two
to three months.
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Prospects for improvement
In the case of A. diversifolia, urgent work is
needed in the following areas:

° vegetative propagation, by grafting, of the
best varieties, using various stocks and
grafting methods;

o cffective interruption of seed dormancys;

 picking and commercial handling of the
fruit;

* increasing the production period (July-
August) by selecting early and late varieties;

¢ the establishment of gene banks, at least in
localities of the Pacific area of Central
America and Mexico;

* stepping up exploration of the species’ pro-
duction areas in Mexico, Guatemala and
El Salvador;

» hybridization with other species of Annona
for the production of more adaptable
varieties;

» research on stock of the related wild species
A. macroprophyllata, from Guatemala and
El Salvador;

» research into the possibility that the absence
of mycorrhizae or other soil factors are re-
sponsible for the growth of this species in
other regions of Mesoamerica with favoura-
ble climate and soils, and into the possible
use of grafting in these cases.

Annona reticulata
Botanical name: Annona reticulata L.
Family: Annonaceae
Common names. English: bullock’s heart,
custard apple, sugar apple; Spanish: anona,
anona colorada, anona rosada, corazodn;
Portuguese: coraclo de boi; other: cahuex,

pox, qualtzapotl, tzumuy

Although it is said that A. reticulata 1s a native of

the Antilles, the presence in Guatemala and Be-

lize of a wild variety, A. reticulata var. primige-
nia, and also of a very wide variability of culti-
vars suggests that this zone is the species’ area
of origin. It has been introduced in other regions
of the American tropics and Southeast Asia,
without achieving a level of importance compa-
rable to that of A. cherimola or A. squamosa.

Of the causes of A. reticulata’s current margin-
alization, two seem to be the most notable: repro-
duction by seed, which results in many trees
producing much smaller fruit; and the attack of
the seed weevil which lays its eggs in the young
fruit. When the adult insect develops, it bores
tunnels through the flesh, causing mycotic infec-
tions and a consequent deterioration of the fruit.

The most attractive aspects of this species are:
its pleasant-tasting fruit, which is generally
sweet and creamy; the relatively small volume
taken up by the skin and seed; and the plant’s
modest soil requirements.

Botanical description

A. reticulata is a low tree with an open, irregular
crown and slender, glabrous leaves which in
some varieties are long and narrow, 10 to 20 X 2
to 7 cm, straight and pointed at the apex; and in
other varieties wrinkled and up to 10 cm wide.
The flowers are generally in groups of three or
four, with three long outer petals and three very
small inner ones. The fruit is heart-shaped or
spherical and 8 to 15 cm in diameter; according
to the cultivar, the flesh varies from juicy and
very aromatic to hard with a repulsive taste.
There is a wide variability in the presence of
groups of hard cells that are similar to grains of
sand. Both the outside and inside colour varies

according to the cultivar.

Ecology and phytogeography

A.reticulata grows between O and 1 500 m in the
areas of Central America that have alternating
seasons, and has spread to South America. How-
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ever, it is in the former region that the varieties
previously classified as species are to be found:
primigenia, already mentioned; and [utescens,
the yellow custard apple which grows from Mex-
ico to Costa Rica.

Genetic diversity

In Florida (United States) superior cultivars have
been selected, especially from Belize and Guate-
mala. They differ in the characteristics of their
fruit and even in their compatibility with stocks.

» Tikal is of excellent quality and medium
yield; its flesh is bright-red, except in the
white areas surrounding the seeds.

» Canul has a medium fruit with a waxy, shiny
dark-red surface and purplish red flesh; it is
very aromatic and deliciously sweet with
few concretions of hard cells.

» Sartenaya has a medium fruit with a waxy,
shiny red surface and pink flesh with a
magnificent taste and texture. Although the
fruit 1s not as attractive in appearance as
that of the previous two cultivars, the tree is
sturdier.

o San Pablo has a long, large fruit with an
opaque, light-red surface. The flesh is dark-
pink with a good aroma and taste. It is a
vigorous, productive cultivar.

* Benque has a big conical fruit with a dark-
red surface and very tasty dark-pink flesh.

> Caledonia has a small fruit with a dark
surface; it is very attractive to cochineal
insects (Philophaedra sp.), which are not
very common in other varieties. The flesh is
pink and has an excellent taste.

+ Chonox has a medium fruit with a red skin
and juicy, very tasty pink flesh; it is very
productive and, for this reason, often has
low-quality fruit. It produces abundant
flowers in groups of up to 16.

No selections have been made from yellow

custard apple and there are apparently no great

risks of genetic erosion. It is possible that more
intensive exploration in Belize, Guatemala and
El Salvador might allow new cultivars to be
found.

Cultivation practices

A. reticulata is generally propagated by seed, the
germination rate of which ranges from low to
medium. Grafting 1s usually done on stock of the
same species. The fruit is harvested after its
colour changes patterns although in some culti-
vars this does not occur and ripeness is deter-
mined by feel. The skin is very thin and the fruit
must therefore be handled carefully. Most fruit is
produced for family consumption and it is not
commonly found on the markets outside Guate-
mala. The commercial future of this species de-
pends on two factors: the establishment of
grafted trees of high-yielding cultivars with fruit
of a high quality and good appearance; and the
adoption of control practices such as using pro-

tective bags or eradicating seed-boring insects.

Annona scleroderma
Botanical name: Annona scleroderma Saff.
Family: Annonaceae
Comimon names. English: poshte; Spanish:
chirimoya, anona del monte; other: cawesh,

cahuex, poshté

A. scleroderma is one of the least-known fruit-
trees of the genus; it is grown mainly in south-
western Guatemala and is notable for the
structure of its fruit which, unlike the other culti-
vated species, has a very tough skin, allowing it
to be handled much more easily and making it
resistant to insect attack. The fruit may be cut and
the flesh removed with a spoon. Its potential
value is in its high-quality flesh, hard skin and
high yield. It could become an export item and a
product for wide local consumption.
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However, the height of the tree (which does not
facilitate fruit harvesting), the fact that the fruit
1s attacked by birds and the defoliation caused
by wind are an obstacle to exploitation of this
species.

Botanical description

A. scleroderma is a tall tree which reaches 15 to
20 m and has tough, lanceolate leaves measuring
10 to 25 X 5 to 8 cm. They are shiny on the upper
side, slightly pubescent on the underside and
have fragile, 3 cm long petioles. The flowers are
greenish yellow, the outer petals have a longitu-
dinal prominence which arises in the small
branches or in groups in the old part of the thick
branches. The fruit occurs in compact spherical
groups, is 5 to 10 cm in diameter and generally
falls off when ripe, without a noticeable colour
change. The cream-coloured flesh has a bitter-
sweet flavour and a soft texture.

Ecology and phytogeodraphy

This species apparently grows wild on the Atlan-
tic slope from Campeche to Honduras but is only
grown in southwestern Guatemala between 300
and 1 000 m on the Pacific slope. In this area,
which is called the Bocacosta and has very fertile
volcanic soils, there i1s a short dry season and an
annual rainfall of around 4 000 mm. The plant
fruits between late December and April, with a
maximum Yyield around the beginning of
February.

Genetic diversity

The most visible characteristic of variability is in
the fruit’s surface. The areoles are generally
marked by raised edges which form ahexagon. In
some varieties, the edges are reduced to a criss-
cross of brown lines on a smooth, green surface;
in other varieties, there is a central prominence
on each areole; in some varieties there are well-

developed edges and prominences, while still

others have an irregular, corrugated surface. The
fruit also seems to vary in the thickness of its
skin, which is on average 3 mm, but slightly
thicker and tougher in the smooth-skinned varie-
ties. The Pacific varieties are green or green with
brown spots, while those from the Atlantic side
have a thicker, reddish green skin.

No cultivars are known to be established by
vegetative propagation. Genetic erosion is evi-
dent, since it is a crop with a restricted area in a
highly populated region where land is required
for building or cultivating coffee. Trees which
were sown on coffee plantations have been de-
stroyed or deformed because they produce too
much shade or because they were damaged by
children picking their fruit.

Genetic erosion is very pronounced in A. scle-
roderma; there are no gene banks and a few
plants have been introduced into Australia and
the United States (Florida). For this reason, mate-
rial urgently needs to be collected in southwest-
ern Guatemala (from San Felipe, San Andrés
Villa Seca, San Sebastidn, Colomba, El Tum-
bador, eic.).

Cultivation practices
Fresh sceds take about a month to germinate,
whether they are collected and dried on the same
day or stored in bags for a week or two. They do
not need to be soaked or treated in any other way.
Seeds that have been stored for two to three
months need about six months to germinate. In
Australia, A. scleroderma grows well when
grafted on to stocks of A. muricata and Rollinia
mucosa. When grafted material is planted, it
must be borne in mind that the trees should be
pruned so that a wide crown remains to facilitate
fruit harvesting. This also reduces exposure to
wind and bird damage.

The shade requirements of young plants —
shade seems to promote growth — need to be

studied. However, trees located in sunny posi-
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tions would have a lower, more compact habit.
Trees grown from seed begin to produce at around

four years when they reach a height of 4 to 6 m.

Prospects for improvement
The advantages of A. scleroderma as a fruit for
local consurnption and export are its high pro-
ductivity and the fact that the flavour and aroma
of its flesh are not as strong as in other Annona
species, but are different and pleasant. The abun-
dant, cream-coloured or creamy grey flesh sepa-
rates easily from the seeds and it does not have
sandy grains or fibres that adhere to the seed
membrane. The thick, leathery skin does not split
and is very resistant to insect attack and ordinary
packaging and transport.
Activities that merit close attention regarding
A. scleroderma are:
 the collection and evaluation of genetic
material;
 propagation through grafting on to stock of
the same species or related species to obtain
low trees with an open crown, which facili-
tate fruit harvesting;
* running small market gardens or interplant-
ed crops;
» marketing, since it is a “new” fruit even for
Guatemalan markets;
e packaging and transport technology to pro-
long the good condition of the fruit and its
acceptance on the market.
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Amaranthus cruentus, Amaranthus
hypochondriacus
Botanical names: Amaranthus cruentus 1.,
Amaranthus hypochondriacus L.
Family: Amaranthaceae
Common names. English: prince’s feather;
Spanish: huautli, alegria (Mexico), bledos
(Mexico, Guatemala), amaranto

Within the great genetic diversity existing in
Mesoamerica, which is the centre of origin and
dispersion of numerous species, amaranths occu-
py aleading position. They constituted one of the
five essential plants in the basic diet of the pre-
Hispanic Mesoamerican civilizations and were
an essential part of Aztec tributes.

It is difficult to classify the amaranth into just
one of the three main groups of plant foods
normally recognized by nutrition specialists:
i) cereals and tubers rich in carbohydrates;
i) legumes and other sources of plant protein;
iif) fruit and vegetables rich in iron and vitamins,
especially A and C. In fact, amaranths belong to
all three since, in addition to their leaves being
used as a vegetable, the chief interest in their
cultivation and use lies in their seeds which, as
well as carbohydrates, contain between 12 and 16
percent proteins, with a high lysine content.

Archaeological findings in Tehuacédn in Pue-
bla, Mexico, show that they were already culti-

The authors of this chapter are G.A. Iturbide (Instituto
Politecnico Nacional, Durango, Mexico) and M. Gispert
(Science Faculty, UNAM, Mexico City).

Grain amaranths
(Amaranthus spp.)

vated over 6 000 years ago. They reached their
maximum use when grown by the Aztecs in the
valley of Andhuac; their cultivation began to fall
off in the colonial period, and Huautli was so
firmly established in the food, religion and agri-
cultural practices of pre-Cortés Mexico that even
a bird which sought its seeds at harvest time was
named wuauhtorl, which comes from “huautli”
and the word for bird, rofotl. A drink (atole)
which was prepared with water and huautli or
prince’s feather flour was called uauhatolli and
the flour dough filled with its leaf was called
huauquillamalmalizeli (a dish of bledos [prince’s
feather] tamales). Its cultivation practices also
had a special nomenclature: uauhteca was the
sowing of its seeds, uauhpuztequemi was the
name of its harvest and the unshelled seed was
called uauhtlipolocayo. In the Aztec religion,
months were designated in which a dough called
tzoalli was prepared with the flour of prince’s
feather seeds and the honey of maguey. Depend-
ing on the monthly festivity involved, the dough
was used to mould different figures ranging from
small pyramids to images of mountain deities.
These idols were handed around in pieces among
those present and were thus eaten. In the eyes of
the colonizers, ceremonies of this type seemed
similar to the Christian Eucharist, hence its culti-
vation was persecuted and its consumption pro-
hibited.

There were actually several factors which act-
ed synergistically to reduce the cultivation of
prince’s feather; mainly its replacement by other
species of grain, introduced from the Old World,
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a lack of appreciation or distaste on account of its
flavour, and religious reasons.

The first two reasons were easily substantiat-
ed, but demonstration of the third was not so
evident because of the tenuousness of its origin.
However, sufficientevidence of this cause can be
found in the work of chroniclers, especially the
religious ones. There are constant references to
the diabolical nature of amaranth. The two direct
allusions to the prohibition of its cultivation were
made by Fray Bernardino de Sahagtn in 1570
and by Ruiz de Alarcén in 1626.

Sahagtin writes in the Historia general de las
cosas de la Nueva Espana, at the end of the First
Book which deals with the gods worshipped by
the Aztecs: ** ...if you know of anything among
these natives relating to this subject of idolatry,
immediately inform the temporal or spiritual au-
thorities so that it may be quickly remedied....
Anyone who does not persecute this sin and its
perpetrators by legitimate and meritorious means
shall not be considered a good Christian.... The
text of the Holy Scripture gives sufficient proof
of the deeply malign nature of idolatry and idol-
aters.... Another folly greater than the demons
[their gods] which they worshipped was that they

13

considered the “cloudy mountains” as gods,
made images, called Tapictoton, from tzoalli.
They gave them a human form, painted them
various colours, and, when the celebration was
over, they shared the images out among them-
selves and ate them...”.

A little further on, Sahagiin describes the feast
of the god of fire, Xiuhtecutli, on whose image
they placed all the vestments of the chief lord
and, placing a throne on his altar and beheading
many quails in his presence, “poured their blood
before him and also offered a cup [incense] up to
him as if t0 a god and offered him small pastries,
known as quimaltemalli and made from bledos
(prince’s feather) which were eaten in his hon-

our. Inall quarters and in every house before they

ate them they offered them fire, before which
point they did not eat them...”. Also at the end
of the ceremony in worship of the god of war
Huitzilopochtli, as an act of collective purifica-
tion, the people of the great Tenochtitlan (today
Mexico City) shared out and ate tiny portions of
tzoalli dough which represented his body. This
cult was called tecuelo (god eaten).

As can be seen, some rites of the polytheist
religion of the ancient Mexicans had a great
similarity with the Christian Eucharist.

In 1626, Ruiz de Alarc6n mentions the rebel-
lion which was still going on at that time among
some indigenous groups against the acceptance
of Christianity, and the continuance of idolatrous
ceremonies, including the construction of gods
with fzoalli. Religious persecution of the con-
sumption and, therefore, of the cultivation of this
species also prevailed, as shown by the following
excerpt from Chapter III of the Tratado de las
supersticiones y costumbres gentilicas que hoy
vive entre los indios naturales desta Nueva Es-
paria,' by Alarcoén:

“It is idolatry when as a gesture of thanks that
ithasripened, from the first [fruit] they pick, well
ground and kneaded, they make idols of a human
figure about a quarter of a yard® in size; they have
much of their wine prepared ready for the day
when they make the idols and, having made and
baked them, they place them in their oratories as
if they were placing an image, and also set a
candle and incense there. Among their select
groups some of the wine is offered for the dedica-
tion... and, seated in a circle before these idols,
with much applause begin honouring and prais-
ing them... and, as a token of sacrifice, pour the

' Treatise on the gentile superstitions and customs
which exist today among the Indian peoples of this
New Spain. (trans.)

?Here, a Latin American yard (vara), measuring
0.836 m, or 2.8 ft. (trans.)
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FIGURE 8
Grain amaranths: A} Amaranthus cruentus; A1) fruit and bracts; B) A. hypochondriacus; B1) fruit and bracts
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wine..., some or all of it, before the small idols of
prince’s feather, an action they call Tlatotoya-
hua.... However, the owners of the small idols
guard them carefully for the next day when those
who attended the feast and at the oratory divide
the idols into pieces as if for votive offerings and
consume them all together.... This fact is ample
proof of the very great yearnings and efforts of
the devil in continuation of his first sin, which
was the origin of his arrogance in wanting to be
similar to our Lord God... since, in what I have
just related, one sees coveted and imitated so
realistically the very singular mystery of the
Most Holy Sacrament of the Altar, in which Our
Lord, summing together the benefits of our re-
demption, ordered that we should actually eat
him, while the devil, who is the enemy of every-
thing good, enjoins that these unfortunates
should eat him or allow themselves to take pos-
session of him by eating him in those small
idols.”

At the famous ceremonial centre of Monte
Alban in Oaxaca, when tomb seven was uncov-
ered a single relic was found: a human skull
covered with a mosaic of turquoises. Initially, it
was thought that the base used for its inlay was a
resin, but later it was found that the amalgam was
fzoalli which, in addition to its sculptural func-
tion, was used to perform another religious and
purifying function.

As well as the Nahua culture, many others
made prince’s feather their ritual food in offer-
ings or in confirmation of their gods, such as the
Tepehuans, Mayas, Tarahumaras and Yaquis.
The Coras call it bé-be and the Huicholes wa-ve.
The Huicholes and the Purepechas manufactured
biscuits in the form of animals which the latter
called tuycen.

The method of preparing tzoalli or tzoale, that
is the mixture of prince’s feather flour with
maguey honey, is the origin of the present-day
manner of preparing alegrid, a delicacy that has

been sold at fairs, in sweetshops and in the streets
of Mexico for about the last two centuries. The
change that was introduced so as to discourage
the use of rzoalli was the replacement of the
huautli or prince’s feather flour with burst seed,
which also formed a paste with honey. The meth-
od of preparing the delicacy is simple: the seed is
burst by heating it and adding to it sugar-cane
syrup; the mixture is put into moulds measuring
80 x50 x4 cm, pressed down and cut into blocks.
Cylindrical biscuits arc also made. Sometimes
the sweet is packed into plastic bags which al-
lows it to be stored hygienically and kept in good
condition for several months.

Although preparation of the alegria sweetmeat
is the main use of amaranth, in some regions it is
used to a lesser extent to make atole, pinole or
toasted meal, tamales, chuales,® dessert and ice-
creams and sorbets. It is also added to a mixture
of flour to make pastries and pancakes, while the
young leaves are used in soups. There are certain
foods in which amaranth could be incorporated,;
for instance atole, milk or bread which are nor-
mally served with school meals. This would be a
quick way of extending its use. It could also be
incorporated in maize tortillas, which are widely
consumed in Mesoamerica, or mixed with other
flours to enrich their protein content. The possi-
bilities for agro-industrial development with this
Crop are very promising, since amaranth is very
versatile in its use, whether it be in the form of
flour, noodles for soup or confectionery, for the
extraction of lysine and tryptophan or as a cereal.
To this end, agronomic research and machinery
are required to achieve industrial development
and utilization of huautli or prince’s feather
which are comparable to those of maize.

The seeds of prince’s feather are used for flour

*From the Nahuatl tzohualli, the ritual paste made by
the Aztecs from amaranth seeds; it is a kind of tamale
eaten around Mexico City on religious feast days.
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(to make tortillas, pinole or toasted meal, confec-
tionery, pastries, biscuits, atoles, “agua fresca”,
small savoury pancakes, desserts, bread, acalga-
mas and breadcrumbs), toasted and burst (in the
sweet alegria, cereals and preserves) and to ex-
tract squalene oil (to manufacture cosmetics).

The leaves are eaten in soups, broths and as a
vegetable, and are used in protein extracts, col-
ourings and laxatives. The inflorescences are
used for decoration and the stems as animal feed
and fuel.

At present, the main areas of cultivation in
Mexico are in the states of Guerrero, México,
Michoacdn, Morelos, Tlaxcala, Puebla and Oa-
xaca. It is predominantly A. hypochondriacus
which is sown under heavy rainfall conditions in
small areas, with mixed seed of different varie-
ties, as is done with maize, in order to ensure a
harvest. In Guatemala, A. cruentus is mainly
sown, under similar cultivation conditions, in the
Departments of Guatemala, Chimaltenango and
Alta Verapaz. In recent years, great progress has
been made in Mexico in the industrialization of
amaranth grain, which i1s packaged in various
forms for human consumption. It is also used as
starch in the pharmaceutical industry. In Guate-
mala, INCAP publishes the journal E/ Amaranto
which deals with the agricultural and nutritional
aspects of this plant.

As aresult of the growing world interest in this
crop, the First World Amaranth Congress was
held in Oaxtepec in the state of Morelos, Mexico,
in September 1991. It was attended by specialists
from Argentina, Bolivia, China, Cuba, Ecuador,
Guatemala, India, Japan, Kenya, Mexico, Peru,
the United States and Venezuela. At the con-
gress, the latest advances in cultivation and use
were explained and an international network of
amaranth specialists was created.

Botanical description
Amaranths are annuals which grow up to 3.5 m

in height and have elliptical to ovate-oblong and
lanceolate leaves with an acute to acuminate
apex. In A. hypochondriacus, the inflorescences
are very big and branching, uniform in colour,
green or red, and have many flowers with acute
bracts, which are rough to the touch. In A. cruen-
tus, the plants are smaller, up to 180 c¢cm, with
green or red inflorescences which are sometimes
spotted and smooth as the bracts are not pointed.
The seeds vary greatly in colour. The inflorescenc-
es vary in colour and development, with more of
a tendency to be erect in A. hypochondriacus
and somewhat more pendulous in A. cruentus.

Germination is epigeal: the seedlings emerge
three to four days after sowing and, at 2.5
months, the panicle begins to appear and later
flowering occurs. The seeds do not have dorman-
cy problems and maintain their viability at ambi-
ent temperature for more than five years, provid-
ed their humidity is less than 5 percent.

If there are dormancy mechanisms in the seed,
they occur mainly in the wild species. Amaranth
has defence mechanisms against diseases: its
spiny panicles and seeds, which have a thick,
pruinous testa, allow germination in later years.

Ecology and phytogeography

The species of Amaranthus cultivated in Meso-
america are located mainly between 1 000 and
1 500 m. The amaranth develops best in soils
with a loamy or loamy-sandy texture and gener-
ally does not tolerate clayey soils, since they
absorb too much humidity. In areas with a sub-
tropical climate, it is possible to obtain two har-
vests per year, particularly in irrigated fields.

In temperate zones with an average annual
precipitation of 500 to 800 mm, the cultivated
areas are for the most part flooded when the
rainstorms begin in May and June. Grain yields
range from 800 to 1 200 kg per hectare, although
it is possible to boost them by increasing popula-

tion densities and using fertilizers. In experi-



98

Grain amaranths

ments in Durango, Mexico, averages of 1 500 to
3 000 kg per hectare of grain have been obtained,

using auxiliary irrigation when sowing begins.

Genetic diversity

A. hypochondriacus varies widely, as indigenous
cultivars can be found which have red, green or
pink ears; the seed may be cream, white, golden
or black. The leaf colouring matches that of the
ears; however, there are different tones on the
stem. Crossings between cultivars of A. hypo-
chondriacus are viable, although they are self-
fertile: the same is the case with A. cruentus. In
this species, different ear colours are found: red,
green, orange, pink and two-colour (red and
green). The colouring of the leaves and petioles
matches that of the ear and in some cases the stem
has a similar colour; the seed may be white,
translucent cream or golden. Interspecific cross-
ings have proved viable, which suggests that
coincidence in flowering may produce hybrids.

Until now there have been only a few im-
proved varieties of amaranth in Mesoamerica. In
Mexico, INIFAP-CIFAP obtained the variety
Revancha, which is grown in the high valleys.
The CIIDIR-IPN, Unidad de Durango, has ob-
tained five selections of A. cruentus and three of
A. hypochondriacus, with different characteris-
tics and cultivation cycles.

The use of new cultivation areas and the intro-
duction of more profitable crops, as well as areas
devoted to stockfarming, are causing genetic ero-
sion. Germplasm therefore needs to be collected
in the main production areas, particularly from
native cultivars which might no longer be culti-
vated. The establishment of gene banks is a task
requiring swift action, and INIFAP and the
UACH are applying themselves to this. More
institutions urgently need to act together with this
end in view.

In 1984, under the programme of the CIIDIR-
IPN, Unidad de Durango, a series of agronomic

germplasm evaluation and genetic improvement
trials of indigenous cultivars for the semi-arid
regions began; in the future, it is proposed that a
gene bank should be set up. The search areas will
have to cover the Mexican high plateau: Chihua-
hua, Sonora, Durango, Sinaloa, which are re-
gions still little explored, and the states of the
centre and south which have not yet been com-
pletely explored.

Cultivation practices
The amaranth is grown in two ways: in seed beds
in the chinampas area (central Mexico) and by

direct sowing.

Seed bed. In the fourteenth to sixteenth centuries,
huautli or prince’s feather was grown in the
valley of Mexico in chinampas, which are “float-
ing gardens” of earth piled on floating mats of
twigs in canals and lagoons. The agricultural
practices which were used in those times still
continue in some localities close to Lake Xo-
chimilco (Tulyehualco, Tldhuac, Mixquic). They
consist of preparing seed beds which are later
planted out. The following steps are involved:

Building ridges. The ridges may measure from
11t020 minlengthby 1.5 m wide, depending on
the number of plants; the difference in level in
relation to the chinampa is 10 cm.

Furrow or seed bed. The ridge is covered with
mud taken from the bottom of the water sur-
rounding the chinampa, until it reaches the level
of the soil, i.e. a thickness of 10 cm. This mud,
which 1s the agricultural element of the chinam-
pa, is very rich in organic matter, since all the
micro- and macro-organic residues of the lake
and its surroundings are deposited there.

Once the mud has been removed and placed on
the ridges, the excess water is allowed to evapo-
rate (“drain out”) through exposure to the sun.
When a suitable consistency is reached, it is cut
lengthways and breadthways, forming small
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4 X 4 cm squares (chapines), or occasionally
tepehuales, in other words larger 20 x 20 cm
squares which may include up to five chapines.

Sowing. Using a corncob or a finger, a hole is
made 1 cm deep in the chapines. In each hole six
to eight seeds are placed. The chapin or seed bed
is covered with dried horse manure which is
preferred because it is the lightest.

Uncovering the seed bed. On the third day of
seed germination, when the seedling reaches 3 to
9 mm, the seed bed is uncovered so that the
plantlet may grow without restraints.

Creation of acomanas. When the seed bed has
been uncovered, the plantlets are left there for a
month to grow approximately 5 to 10 cm. During
this time, they begin to be separated from the soil
and from one another. Acomanas are formed so
that the plants do not take root in the ridge and
their growth is temporarily arrested, giving time
for the rainstorms to arrive (June-September).

Packing. Depending on when the rains begin,
the chapines are placed in a wooden carrying
crate made from pieces of light wood to prevent
the plantlets being knocked about or broken dur-
ing transportation to the cultivation plot.

Transplanting. This a task requiring at least
four people. One ploughs the ground so that the
damp soil is turned face down while another
loosens the seedlings to leave two or three per
chapin. The chapines are laid out on a maguey
leaf one end of which is tied at the belt and the
other is held in one hand, or else a portable crate
is hung from the shoulder, while a third person,
dropping a plant every 60 or 80 cm, lowers a
chapin into the bottom of the furrow; a fourth
person arranges the chapin in such a way that the
plant stays erect pressing the soil down around it
by hand or foot, thus completing the transplant-
ing operation.

Threshing. The plants are cut 10 or 20 cm from
the soil surface, forming sheaves of ten to 15

plants which are left to dry for a couple of weeks.

Threshing starts with armfuls of the dried plant
being strewn on to sackcloth stretched over the
ground so as to perform the traditional “dance”,
which consists of trampling the ears over and
over again until the seeds work loose. Those that
are not separated undergo a further process: the
ears are beaten more forcefully with a rope.
Seed cleaning. A sieve is made with a cord
sack which is tied by its corners to four tree
trunks. One person pours bowls of seed on to it
while another moves them around with one hand
so that they fall through the openings of the sack.
At the same time, the first person fans them with
a hat so that the air finishes off cleaning them.
Nowadays, these ancestral practices are ac-
companied by others, such as fertilizing and
threshing, which are no longer done manually.
Storage. The oldest known way of keeping
prince’s feather is by storage in underground
deposits. Large earthenware pots (cuexcomates)
were also used (2.5 X 2.5 m, with sides 10 to
12 cm thick). Other means used were barns, gra-
naries or crates. These means of storage are still
used nowadays but, more frequently, bags of
around 50 kg are ensiled or concrete rooms with
mud floors which prevent humidity from passing
through are built. However, prince’s feather
seeds can be stored for more than ten years in dry,

well-ventilated places.

Direct sowing. In Tlaxcala, Puebla, Oaxaca,
Morelos and Guerrero, it is more common to sow
an abundant quantity of seed directly mto the
ridge of the furrow at the start of the rains. Later,
the plants are thinned out, which is easier to do
when they are 10 to 15 cm high. In general,
cultivation practices are similar to those used to
grow maize: earthing up, fertilization In two
stages and weeding.

Harvesting in these cultivation areas 1s similar
to that in the Mexico valley. During September

and October, the ears are cut and, when dried, all
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the leaves of the stem are piled up so that they can
be beaten to remove the seeds, which are then
sieved and cleaned. The yields obtained general-
ly range between 800 and 1 500 kg per hectare.

Prospects for improvement

In Mesoamerica, research needs to be done on
both the basic aspects of this cultivation and the
development of farming technologies for the ar-
eas currently in production as well as the areas of
future expansion (semi-arid zones of northern
Mexico). Local consumption and exports will
also need to be promoted. Also essential is a
complete programme of basic research, the de-
velopment of techniques and improved materials
as well as advertising campaigns recommending
the product and its value as a food. Peru, where a
programme of this kind has enabled yields to be
increased from 1 800 to 3 000 kg perhectare, and
even 6 000 kg per hectare on trial plots, should
serve as an example. Complementary extension
work has been devoted to the different ways in
which the product can be consumed and pack-
aged for export.

Among the projects that could be developed
for improving amaranth production in Meso-
america, the following may be considered:

e the formation of gene banks in the present
areas of cultivation (central and northern
Mexico, the highlands of Guatemala) to
characterize and evaluate native cultivars as
well as to make a preliminary selection;

* studies on the adaptation of cultivars to new
conditions, especially 1o mechanized sow-
ing and harvesting;

° the development of new culiivation prac-
tices: sowing distance, fertilization, weed
control, pest and disease management;

* the development of machinery for rainstorm
and irrigation conditions;

¢ genetic improvement of native material and
material introduced from other areas in

which the two native species are grown, and
of A. caudatus;
 an information campaign drawing attention
to the nutritional value of amaranth and new
forms of use;
* studies on handling the harvested product,
its packaging, processing and marketing.
There will have to be an economic and social
element in applied research so that experimental
results can be evaluated. From the social point of
view, a contribution towards improving the peas-
ant diet must be sought in the intensive cultiva-
tion of the amaranth, as was attempted some

years ago in Guatemala.
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Botanical name: Pouteria sapota (Jacq.)
H. Moore & Stearn

Family: Sapotaceae

Common names. English: sapote, mammee
zapote, marmalade plum; Spanish: zapote,
mamey zapoteo, mamey colorado, zapota
grande; French: grosse sapote

The sapote (Pouteria sapota), which originates
from the lower parts of Central America, is a
fruit-tree with free pollination, which generally
multiplies by seed. Its fruit may be eaten raw or
green and the flesh is used to make jams, ice-
creams and sauces; when cooked, it can be an
acceptable substitute for apple purée and may
also be used in confectionery.

Chemical analysis shows that 100 g of sapote
flesh contains 65.6 percent water, 1.7 g of pro-
tein, 0.4 g of fat, 31.1 g of carbohydrates, 2 g of
fibre, 1.2 g of ash, 40 mg of calcium, 28 mg of
phosphorus, 1 mg of iron, 115 mg of vitamin A,
0.01 mg of thiamine, 0.02 mg of riboflavin, 2 mg
of niacin and 22 mg of ascorbic acid.

Cultivation of this species still cannot meet
the demand of the external market and may play
an 1mportant role as a source of revenue and in
helping to make up an adequate diet, particular-
ly for low-income urban and rural populations.

In some parts of Mesoamerica, ground sapote
seeds are used to give chocolate a bitter flavour
and characteristic aroma; in Costa Rica, they

The author of this chapter is J.A. Morera (Genetic
Resources Unit, CATIE/GTZ, Turrialba, Costa Rica).

Sapote
(Pouteria sapota)

have been used as a linen starch. In Guatemala
and El Salvador, the oil from the seed is used as
a skin tonic, to prevent baldness, to reduce mus-
cular pain and to treat rheumatic ailments.

This tree produces latex, which is used as a
caustic to remove fungus from skin. Sapote wood,
which is strong and solid, can be used to make
furniture and other objects that require stout
wood.

From the ecological point of view, promoting
the cultivation of this species is of enormous
importance since it can help maintain genetic
diversity and prevent some genotypes of poten-
tial value from disappearing. The establishment
of this species as a crop in traditional production
systems will make it possible to maintain highly
sustainable fruit-growing development. Agro-
industrial development will benefit from the
production of fruit of great nutritional value and
by-products of high value added.

Botanical description
The sapote tree can attain a height of 20 to 25 m;
its crown 1s generally symmetrical or irregular,
with thick branches and dense foliage. The leaves
are ovate or lanceolate and are concentrated on
the apex of the branches. The flowers are small,
almost sessile, and grow in profusion under new
branches and along leafless branches. Each flow-
er consists of five true and five false stamens;
the pistil has only one stigma and the ovary has
five carpels.

The fruit ranges in shape from fusiform, elon-
gated, ellipsoid to spherical, and may weigh up
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to 3 kg in some genotypes. The skin is hard,
rough and brittle, and is of a dull, reddish colour.
The flesh varies in texture and is red, orange or
greyish in colour; it is aromatic, sweet and soft
when ripe; and usually has some fibres, depend-
ing on the cultivar. In general, the fruit contains
one or more seeds. These are large with sharp
ends and ellipsoid in shape, dark brown in col-
our, smooth and shiny on the dorsal segment and
cinnamon-coloured on the ventral part. The seeds
take between 40 and 70 days to germinate, a
process that can be speeded up by simply re-
moving or scarifying the husk before sowing.

Ecology and phytogeography
Very little has been written on the climatic con-
ditions, pests, diseases and other factors limiting
the production and productivity of the sapote.
However, the most important factors from an
ecological point of view are height, soil, tem-
perature and rainfall, since they can limit the
cultivation area, and to a great extent, may be
considered the most critical factors for its devel-
opment. In some places, wind may be the most
important limiting factor. The ease with which
some diseases and insects can spread depends
on relative humidity.

The sapote adapts well from sea level up to
1 400 m. It grows in the heavy clays of Puerto
Rico, the sandy clays of Guatemala and even in
the sandy soils of Florida in the United States.

The essential characteristics of the soil for
optimum cultivation are the quality of drainage,
depth, degree of acidity, fertility, adequate
groundwater level and moderate permeability.
In tropical areas, there are many soils with these
characteristics. However, soil factors are insepa-
rably linked to the sapote plant’s photosynthetic
potential, for which reason the low fertility of
some tropical soils limits the yield of this
species.

The sapote does not tolerate low tempera-

tures, even if of short duration. Depending on its
locality, the sapote can be profitable if sown in
areas where the temperature does not fall below
15°C. Extreme temperatures can temporarily af-
fect some of the functions of any of the tree’s
organs. In regions where the sapote grows best,
the average temperature ranges between 25 and
28°C. On some commercial plantations, such
as in Léon in Nicaragua, good yields and fruit
quality are obtained at temperatures between
30 and 33°C.

The amount of rainfall needed for growing the
sapote ranges between 800 and 2 500 mm; how
much rainfall there is will depend on the type of
growing area.

If the dry season is prolonged in a given area,
harvesting may be concentrated in short periods
while, in places where there is no dry season, the
crop can be harvested with maximum fruiting
throughout the year.

Genetic diversity

The word “sapote” (or “zapote”) comes from the
Aztec “tzapotl”, a collective name which applies
to several species of sweet, spherical fruits with
large seeds. The Sapotaceae family includes other
close species of great value, such as the sapo-
dilla (Manilkara zapota), star apple or caimito
(Chrysophyllum cainito), canistel (Pouteria
campechiana), pan de vida (P. hypoglauca), licu-
mo (P. obovata) and caimo (P. caimito).

In the most recent taxonomic classification,
sapotes comprise three species: Pouteria sapota,
P.viridis and P. fossicola, although it is accept-
ed that there are intermediate groups between
the three (Pennington, 1990). Despite morpho-
logical differences and sometimes differences
in geographical distribution, if compared with
other fruit-tree species, the value of these three
taxa would be at variety level.

In Florida, several cultivars of the sapote are
currently grown, of which brief descriptions have
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FIGURE 9

Sapote (Pouteria sapota): details of a cross-section and shapes of the fruit
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TABLE 4 Characteristics of the best sapote cultivars in Florida, 1991

Cultivar Harvest Weight Flesh colour Flavour Yield
(g)
Abuela October-November 740 - 2 400 Red Excellent Regular
Area No. 3 July-September 400 - 740 Pink Good Regular
Chenox May-June 400 - 850 Pink Good Regular
Copan July-August 425 - 900 Red Excellent High
Flores November-December 740 - 2 400 Red Excellent High
Florida March-April 400-1130 Reddish Good High
Francisco Fernandéz August-September 560 - 700 Reddish Excellent Regular
Lara August-September 400-1130 Reddish Excellent High
Magana April-May 740 - 2 400 Pink Good High
Mayapan July-August 510-1135 Red Good High
Navidad December 400 - 740 Salmon Excellent High
Pace March-April 425 - 900 Salmon Excellent High
Patin July-August 400-1 130 Reddish Excellent Regular
Piloto August-September 400 - 7 40! Reddish Excellent Regular
Tazurmar! January-February 400 - 850 Pink Good High
Viejo December 400 - 500 Red Excellent High

""This cultivar has a second harvest between July and August.

been made (Campbell and Lara, 1982). Table 4
indicates the 16 best cultivars.

Much of the genetic variability of the genus
Pouteria is found in the tropical forest areas
which are still unexplored. These regions are not

in some cases, guerilla

very accessible and, S, g

groups in the mountains make it difficult to col-
lect genotypes which may be undergoing genet-
ic erosion through abandonment. Furthermore,
urban development is accelerating the loss of
genetic diversity of this and other species. It is
surprising to note how trees of great value are
being felled daily to make way for buildings and
other constructions on the best soils with a high
agricultural potential.

The Indians, on the other hand, leave sapote
trees when clearing the forest and, in Guatema-
la, they are frequently found on land which has
long since been given over to maize.

The protection of genetic resources, including

the Sapotaceae family, is an international re-
sponsibility. The costs and benefits of this pro-
tection should be shared out equitably. In general,
many of the countries with a great genetic diver-
sity are developing countries, hence they are
unable to defray the costs of in situ protection of
genetic resources on their own. An international
mechanism is therefore needed to meet the costs
this responsibility entails. Such financial sup-
port should be used in particular for taking care
of populations of endemic species in each eco-
logical region and in zones of exceptional diver-
sity, particularly the lowland forests, tropical
and subtropical rain forests as well as isolated
mountains and other places where wild species
with a high genetic value still exist.

The intensification of agriculture has caused a
reduction in the genetic variability of this tropi-
cal species by replacing wild cultivars of sapote
with other exotic species.
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Cultivation practices

In general, Sapotaceae have been propagated by
seed. There are few commercial plantations. Fruit
for everyday consumption comes from solitary
trees which grow close to people’s homes or are
nterspersed with other perennial crops such as
cocoa and coffee.

Until a few years ago this species took seven
to eight years to come into production, since
sexual propagation by seed was used. This crea-
ted a wide variation in populations, greatly re-
ducing the possibility of harvesting genotypes
that were uniform in size, weight and quality.

At present, the vegetative methods of propa-
gating sapote involve grafting, a system which
improves productivity characteristics and halves
the period between sowing and harvesting. In
this way, incompatibility problems between stock
and graft are corrected and the desirable charac-
teristics of grafting are combined with the spe-
cial qualities of the stock.

Before grafting, there must be a good selec-
tion of stocks. Grafting must be done at a time
when the stock and scion are in the appropriate
physiological state to allow a greater percentage
of takes. The preferred grafting methods are side
grafting and cleft grafting. The optimum state
for selecting vegetative material (scions) is when
the tree is dormant, i.e. when the plant sheds all
its leaves; this generally occurs during the sum-
mer. To select scions during the winter, the shoots
need to be ringed eight to ten days before graft-
ing. The stocks must be approximately 1 m high,
1.2 ¢m thick and nine months old. It should be
borne in mind that the cuts in both the stock and
the scion have to be made in the most uniform
area of both barks so that the join is complete.
Once the operation is completed, the graft is tied
with special tape and a little melted paraffin wax
is applied for protection.

A week later, the apical part of the stock is
cut, leaving 30 cm between the shoot and the

graft. This step is repeated after two weeks when
only the graft is left. At approximately two
months, the part of the plant which has joined to
the stock begins to bud. At four months, the tape
1s removed in order to let the new shoot develop
freely and, two months later, the plants can be
planted out in the field.

Present cultivation situation. Central America
is going through a difficult economic situation,
and this is reflected in the agro-industrial sector.
An economic recovery is needed that involves
investments in non-traditional products. The
sapote may be quoted as an example of a non-
traditional species which offers economic po-
tential for agricultural diversification in the region
and hence for achieving a better ecological bal-
ance. In Central America, South America and
the Anulles, interest in this crop is a recent de-
velopment. There are just a few small commer-
cial plantations and isolated trees on uncultivated
land which may allow the crop to be promoted
both at a local level and for export.

In these regions, there are no germplasm col-
lections and few skilled technicians for carrying
out the technological transfer of cultivation. Fur-
thermore, Central America has climatic, topo-
graphical, soil and social characteristics which
could allow this genetic resource to be devel-
oped and utilized more fully. In spite of its po-
tential benefit for growers and industry, there is
still little information and research being done
on exploitation and use of the sapote.

A better knowledge of the genetic diversity,
seasonal variations in production, quality, sup-
ply of and demand for this species would enable
its monocultuse, or cultivation together with other

perennial crops, to be encouraged.

Prospects for improvement
The future of sapote cultivation 1s linked to the
selection of the best genotypes for each country.
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Selection criteria will have to be based on the
vigour, height and build of the trees, the produc-
tion, shape and size of the fruit, the quantity of
flesh and fibre and the aroma and flavour. The
requirements of internal and external markets
will need to be studied and the selling prices of
specific cultivars compared.

Establishing the sapote may be a slow process
and will require research, time and investment.
Experience with other crops shows that, without
adequate marketing and sustained development
strategies, growers may stand to lose. Indeed,
they do not usually know the quality standards
which apply to production, nor the methods for
effective husbandry, and also have to cope with
high harvesting costs, low prices paid for the
product, small yields and a shrinking market. It
should be stressed that research, commercial pro-
duction and marketing are the key factors for
successfully establishing non-traditional crops.

When starting to develop a crop such as the
sapote, an evaluation needs to be made to dem-
onstrate its prospects for adoption by growers.
Consideration will have to be given to the area
of adaptation, the availability of land, bank credit,
production costs, market security and probable
net income for the grower; these factors will
have to be compared with those of other com-
petitive crops. Information will also have to be
collected on the availability of outstanding geno-
types, stock and graft nursery capabilities and
cultivation practices, as applied to the seedling
and in the field.

Coordination between production and mar-
keting is essential if a new product is to be
presented successfully. If the market is created
before production meets demand, buyers may
show a lack of interest and the product may lose
its acceptability. If production exceeds demand,
growers may be disillusioned by the losses and,
in some cases, may even change crops.

With regard to the potential areas for a crop’s

introduction and cultivation, priority should be
given to sampling genetic diversity. This stage
can take at least two years, depending on the
availability of germplasm. For species that are
widely dispersed or located in geographically or
politically inaccessible areas, collections may
continue indefinitely. Permanent collections need
to be established while finance must be made
available for the preservation of those that al-
ready exist.

From the social point of view, it 1s worth
stepping up the propagation of this crop and
making its nutritional benefits available to low-
income rural populations. From the economic
point of view, the export of the dried fruit or
flesh would bring enormous advantages to these
groups, since it would constitute an inflow of
foreign exchange. Ecologically, this species could
be combined with other perennial crops such as
cocoa and coffee, thereby providing emergency
income for the grower should the market price
of the main perennial species decrease or fluctu-
ate constantly.

Six stages may be envisaged in research and
development:

* exploration for, and collection of, germ-

plasm;

° observation and selection of cultivars for

domestic consumption and export;

e chemical studies and use;

e evaluation and agronomic validation;

¢ production and processing for local con-

sumption and for export;

° marketing.

Experiments on evaluation and agronomic val-
idation must be carried out in various locations
and environments and should include cultiva-
tion practices, harvesting methods, yield and
quality. A high genetic diversity must be main-
tained so as to select the genotypes suitable for
each environment.

To carry out this programme, credit needs to
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Spanish plum, red mombin

Botanical name: Spondias purpurea L.
Family: Anacardiaceae

Common names. English: Spanish plum, red
mombin; Nahuatl: ateyaxocotl; Spanish:
jocote (Mexico [Oaxaca], Central America),
ciruelo (Mexico [Jalisco, Yucatdn])

Spondias purpurea was grown widely from
Mexico to the northern region of South America
when the Europeans arrived, as can be deduced
from the descriptions of the first chroniclers
(Oviedo, Sahagtin). It spread through the Antilles
and the rest of South America and was possibly
taken from Mexico to the Philippines. The fresh
fruithas a very pleasant taste and its consumption
1s increasing. It is a valuable but economical raw
material for the preparation of soft drinks, pre-
serves and syrups and is also eaten as a dried
fruit. The current marginalization and scarcity of
commercial plantations are largely due to a lack
of attention on the part of producers, technical
experts and agricultural extension workers, who
are concentrating their efforts on other fruit-trees
in greater demand on the foreign market.

The most widespread use of S. purpureais as a
fresh fruit for local consumption and for supply-
ing city markets. In Mexico and Guatemala, 1t 1s
used in other forms which are possibly of post-
Hispanic origin. In one form, the fruit is boiled in
brine for five to ten minutes and then dried in the

The author of this chapter is J. Axayacat! Cuevas
(Department of Plant Science, Ethnobotanical Unit,
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(Spondias purpurea)

sun, either on tables with a wire mesh or reeds for
three days or on driers on mobile units for ten
to 12 hours. By this process. the dried fruit is
reduced to one-quarter of its fresh volume. An-
other way to prepare the fruit is to heat it in
unsalted water and dry it in the sun, while a third
process, used in Mexico to obtain ciruelo negro,
consists of pricking the skin of the fruit, placing
it in syrup (1 kg of sugar in a bottle of water) and
letting 1t simmer until the sugar burns or becomes
concentrated. Ciruela cristillina is a fourth meth-
od of preparing the fruit, similar to the previous
one, only the fruit is gathered while it is ripening
and 1s boiled for a shorter time.

Other uses of Spondias pulp include as an
atole, mixed with maize flour and sugar, and in
the preparation of wine, chicha (maize liquor)
and soft drinks.

Analyses of the fresh fruit show that the per-
centage of moisture in the flesh ranges from 76 to
86 percent; it is very low in protein and fat and
contains appreciable quantities of calcium, phos-
phorus, iron and ascorbic acid.

Its consumption is currently increasing
throughout Mesoamerica. The bulk of produc-
tion comes from isolated trees or hedges, while
very little comes from well-ordered and main-
tained plantations, such as the ones seen around
the city of Oaxaca. However, it is a very promis-
ing fruit-tree because it is accepted on the mar-
ket; it is a hardy species with a high resistance to
drought; it is easy to produce on poor soil; and its
propagation is exclusively vegetative, which en-

sures an early harvest.
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Botanical description

S. purpurea is a small tree, growing 4 to 8 m, with
abroad crown, irregular trunk and fragile branch-
es; its leaves are composed of five to 12 pairs of
elliptical-acute leaflets, 2 to 4 cm in length and
which fall before the flowering period. It has red
flowers in 3 to 5 cm panicles, situated along the
small branches; the fruit is an irregular oval
drupe, somewhat gibbous, smooth and shiny, 4 to
5.5 cm long and a violet to yellow colour, with a
woody kernel which contains the seeds. The flesh
is sparse, creamy, yellowish and bitter-sweet in
the cultivated plants and very acid in the wild
plants. It contains malic acid, sugar, calcium
malate and starch. The growth cycle has only
been studied in Mexico, in Sinaloa and Puebla. In
Sinaloa, the trees have foliage from June to Octo-
ber, leaves fall from October to December and
the trees are without foliage from January to
May. Flowering occurs in February and March
and fruiting in June. In Puebla, the trees have
leaves from March to October, leaf fall occurs
from October to December and the trees remain
leafless from January to April. Flowering takes
place from December to January and the fruit
ripens in April and May. Of great interest is the
absence of seed formation in this species, an
aspect that was first studied in the Philippines. In
the “nut”, which occupies the central part of the
fruit, only remnants of aborted seeds are found.
This is due to both poor pollen formation and the
oosphere. Natural distribution is thus completely
limited, but the ease with which stems and
branches sprout, together with their fragility, al-
lows a very limited natural propagation. Recog-
nition and conservation of the numerous variants
which this species displays is possibly due to the
action of humans.

Ecology and phytogeography
The natural populations of S. purpurea grow
from sea level to an altitude of 1 200 m in areas

with alternating seasons from Sinaloa and Jalisco
in Mexico to Colombia. It is known that S. purpu-
rea was taken from Nicaragua to Panama and
South America in the form of cuttings with a
viability of several weeks. It grows in regions of
low humidity and remains leafless during the dry
season. It has been introduced into similar tropi-
cal regions in Southeast Asia and also in sub-
tropical areas (Florida).

Genetic diversity

Numerous clonal varieties of S. purpurea are
known, but there has been no formal characteri-
zation of them. In Yucatdn there are 20 varieties
and, although some may be S. lutea, this is per-
haps the most notable varietal concentration in
Mesoamerica. Ak-abal, with small, poor-quality
fruit and smooth succulent roots, like those of the
Brazilian species S. tuberosa, is used for pickles.
The cultivated varieties may be divided into two
groups:

Summer mombin. This fruits (in Central Amer-
ica) during the dry season from February to May,
has ellipsoidal fruit that is 2.5 to 3 cm long with
smooth, purple-red skin and yellow, smooth,
sweet and slightly acid flesh. When green, these
varieties look like olives. The varieties Tronador,
Criollo, Nica and Morado grow between 0 and
800 m.

Winter mombin. This is of superior quality,
with fruit thatis 3.5 to 4.5 cm long, red or yellow,
smooth or with protuberances, and has firm,
sweet, slightly acid flesh. It ripens at the end of
the rainy season (September to December). Most
of these varieties grow between 800 and 1 200 m
and those known include Petapa, Corona and
Cabeza de loro.

It has been suggested that these two groups
should be considered as different species, but
their distinctive characteristics are within the
normal varietal range in the cultivated species.
Wild populations, such as the iguana mombin in
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FIGURE 10

Spanish plum, red mombin (Spondias purpurea)
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Costa Rica, have very attractive, red or purple
fruit, with yellow flesh similar to certain grapes,
although it is acidic and astringent. There are
other wild varieties in Central America, some
with common names. Being a species in which
crossings must be very difficult, neither varietal
richness nor related species, such as the jobo
(S. lutea), are of great use in genetic improve-

ment.

On the other hand, the study and evaluation of

clonal variation may offer new material. In this
connection, regions of particular interest are: the
Pacific area of Nicaragua which has been been
famous for its mombin or Spanish plum since the
days of colonial settlement; Yucatin, where nu-
merous varieties exist; and southwestern Mexico
and the neighbouring region of Guatemala.
There are no collections of germplasm, but they
should not be difficult to establish and maintain.
In addition to S. [utea, there are two cultivated
species: ambarella, Jew’s plum or golden or
Otatheite apple (S. dulcis) from Polynesia, which
1s grown sporadically in tropical America; and
imbu mombin (S. tuberosa) from the dry region
of northwestern Brazil, whose fruits are of excel-
lent quality. These three species are propagated
by seed.

Cultivation practices

Being a vegetatively propagated species, the
sowing material consists of straight cuttings,
more than 6 cm thick and atleast 1.5 m long, with
horizontal cuts. They are cut at the start of leaf
production which generally coincides with the
beginning of the rains. The cuttings are kept in
the shade for a couple of weeks and are planted
8 X 8 m apart at a depth of 30 cm. As arule, the
only cultivation practice is pruning of the branch-
es to cause numerous shoots to form along the
main branches. Pruning can be done every year,
since the flowers bud on the current year’s
branches. The experience of producers in Mexi-

cois that pruning increases the size and weight of
the fruit.

In Oaxaca, there are commercial plantations
on which the trees are pruned at a height of 2 m;
the cuttings are planted in double, inclined rows,
with 3 m between the pairs of rows; when
pruned, they look like European apple orchards.

There are no serious pests apart from the Med-
iterranean fruit fly (Ceratitis capitata) and Mex-
ican fruit fly (Anastrepha ludens) which cause
serious damage.

Harvesting on the pruned trees is an easy oper-
ation, performed by shaking the branches with
poles or sticks; the fruit is gathered from the
ground. Throughout the region where mombin is
produced, the green fruit is eaten a great deal, as
1s the green fruit of the ambarela (S. dulcis).

Prospects for improvement

S. purpurea can be grown on marginal land of
low agricultural value, on which the tree could be
used for reforestation and produce extra profit for
growers. Its production season is short, and late
or early varieties that extend this period must be
sought. Marketing, whether locally or in major
towns, does not pose any major problems, as it 1s
a widely accepted product.

The main limitation is attack from fruit flies,
since control 1s expensive and beyond the range
of small producers. An evaluation of cultivars
that have some degree of resistance would be
very advantageous, as would agronomic meas-
ures that tend to reduce infection by flies. Anoth-
er theme to be investigated i1s the effect of
defoliants on the acceleration of fruit formation.

So far, there has not been any industrialization
of the fruit. Improving the primitive processes
described earlier and research mto others, as has
been done in Florida with the artificial drying of
slices of the flesh, may open up new possibilities
for consumption.

Varieties of S. purpurea urgently need to be
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collected in one or more gene banks, which allow
a quick evaluation of their genetic characteristics
(resistance to insects, production period, re-
sponse to pruning), and sowing material must be
distributed among growers. In areas with suffi-
cient space, it i1s recommended that S. purpurea
be planted as a hedge, since its fruit production
represents extra profit for the grower.

Finally, transport and packaging problems
must be studied to see how they can be improved,
since they are at a very primitive stage.
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Tomatillo, husk-tomato

(Physalis philadelphica)

Botanical name: Physalis philadelphica
Lam.

Family: Solanaceae

Common names. English: tomatillo, husk-
tomato, jamberry, ground cherry; Spanish:
tomate de cdascara, tomate de fresadilla,
tomate milpero, tomate verde, tomatillo
(Mexico), miltomate (Mexico, Guatemala)

The tomatillo or husk-tomato (Physalis philadel-
phica) is a solanaceous plant cultivated in Mexi-
co and Guatemala and originating from
Mesoamerica. Various archaeological findings
show that its use in the diet of the Mexican
population dates back to pre-Columbian times.
Indeed, vestiges of Phiysalis sp. used as food have
been found in excavations in the valley of Te-
huacédn (900 BC-AD 1540). In pre-Hispanic
times in Mexico, it was preferred far more than
the tomato (Lycopersicon sp.). However, this
preference has not been maintained, except in the
rural environment where, in addition to the per-
sistence of old eating habits, the tomato’s greater
resistance to rot is still valued. Possibly because
of the fruit’s colourful appearance and because
there are ways of eating it which are independent
of the chili (Capsicum sp.), the tomato achieved
greater acceptance outside Mesoamerica and
Physalis sp. was marginalized, or its cultivation

The authors of this chapter are S. Montes Hernandez
(Genetic Resources Programme, INIFAP, CIFAP, Gto.
Celaya, Guanajuato, Mexico) and J.R. Aguirre Rivera
(Botanical, Colegio de Postgraduados, Chapingo,
Mexico).

was discontinued, as happened in Spain. It is
relevant to note that only in central Mexico is
the fruit of Lycopersicon sp. known chiefly as
“jitotomate”, since in other parts of the country
and in Central and South America it is called
“tomate”.

P. philadelphica was domesticated in Mexico
from where it was taken to Europe and other parts
of the world; its introduction into Spain has been
well documented. Indeed, it is believed that this
species originated in central Mexico where, at
present, both wild and domesticated populations
may be found.

The name “tomato” derives from the Nahuatl
“tomatl”; this word is a generic one for globose
fruits or berries which have many seeds, watery
flesh and which are sometimes enclosed in a
membrane.

Of the great number of species of the genus
Physalis, very few are used for their fruit.
P. peruviana L. has been grown in Peru since
pre-Columbian times. The fruit of P.che-
nopodifolia is picked in the state of Tlaxcala,
Mexico. In Europe, P. alkekengi is grown as an
ornamental plant because of the colourful calyx
of its fruit, and its fruit also is used in central and
southern Europe.

The tomatillo has been a constant component
of the Mexican and Guatemalan diet up to the
present day, chiefly in the form of sauces pre-
pared with its fruit and ground chilies to improve
the flavour of meals and stimulate the appetite.
The tomatillo is also used in sauces with green
chili, mainly to lessen its hot flavour. The fruit of
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the tomatillo is used cooked, or even raw, to
prepare purees or minced meat dishes which are
used as a base for chili sauces known generically
as salsa verde (green sauce); they can be used to
accompany prepared dishes or else be used as
ingredients in various stews. An infusion of the
husks (calyces) is added to tamale dough to im-
prove its spongy consistency, as well as to that of
fritters; it is also used to impart flavour to white
rice and to tenderize red meats.

About ten years ago the crop began to be
industrialized in Mexico and agro-industries are
currently estimated to process 600 tonnes per
year, 80 percent of which is exported to the
United States as whole tomatillos, without a ca-
lyx and canned, while the remainder is used in the
preparation of packaged sauces for the domestic
market.

P. philadelphica is acquiring importance as an
introduced crop in California as a result of the
growing popularity of Mexican food in the Unit-
ed States. Furthermore, numerous medicinal
properties are attributed to it.

Official statistics show that, in 1984, 15 248 ha
were sown in Mexico, with a total production
value of 5 797 million pesos and an average per
caput consumption of 2.32 kg. Both in Mexico
and Guatemala, wild tomato {ruit from cultivated
fields has a predominant place in the diet, hence
in some regions it is an important product among
those gathered in rural areas for immediate con-
sumption and for sale.

Botanical description

P. philadelphica is an annual of 15 to 60 cm; it is
subglabrous, sometimes with sparse hairs on the
stem. The leaf laminais 9to 13 X 6 to 10 mm; its
apices are acute to slightly acuminate, with irreg-
ularly dentate margins and two to six teeth on
each side of the main tooth, of 3 to 8 mm. The
pedicels are 5 to 10 mm, the calyx has ovate and
hirsute lobules measuring 7-13 mm. The corolla

is 8 to 32 mm in diameter, yellow and sometimes
has faint greenish blue or purple spots. The
anthers are blue or greenish blue. The calyx is
accrescent, reaching 18 to 53 x 11 to 60 mm in
the fruit, and has ten ribs. The fruitis 12 to 60 %
10 to 48 mm in size and sometimes tears the
calyx.

Ecology and phytogeography

The P. philadelphica plant grows from southern
Baja California to Guatemala, from 10 m in Tres
Valles, Veracruz, to 2 600 m in the valley of
Mexico.

Genetic diversity

There are many local or indigenous varieties of
P. philadelphica which producers recognize by
fruit colour and size as well as by the plant’s
growth habit although, within these varieties,
there is wide variation, possibly because of their
self-incompatibility. The wild forms are very
often found growing in cultivated fields in tradi-
tional agricultural systems, mainly in combina-
tion with maize, beans and gourd. In Mexico,
another type of tomato is found which is sold on
the markets as wild from cultivated fields. In
actual fact, it 1s a cultivated tomato with a small
fruit; the reason for this fraudulence lies in the
fact that the price of wild tomatoes growing in
cultivated fields is double that of the cultivated
tomatoes.

The diameter of the fruit is bigger in the Mex-
ican tomato (1.08 t0 4.9 cm) than in the Guate-
malan tomato (1.04 to 2.89 ¢cm). However, these
measurements correspond mainly to the cultivat-
ed tomatoes. In Guatemala, purplish green, yel-
lowish green and purple tomatoes are preferred;
in Mexico, on the other hand, the variation in
colour is greater, as there are yellow, various
shades of green and purple fruits.

The characteristics showing the greatest varia-

tion are fruit size, colour and average weight; the
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FIGURE 11
Tomatillo, husk-tomato (Physalis philadelphica): details of the flower and fruit with an accrescent calyx, and a
cross-section of the fruit
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number and weight of fruit per plant; the consist-
ency and colour of the flesh; the colour and
length of the calyx; flower size; the number and
size of the nodes on the first bifurcation of the
plant; stem colour; the size and number of teeth
per leaf; branching; earliness and pubescence.

The tomatillo or husk-tomato is a vegetable
which is used widely and continuously through-
out the year; its current situation is as follows:

o wild fruit found growing in cultivated fields

is picked and sold;

o small-fruited varieties, similar to those
found growing wild in cultivated fields, are
specifically grown for the market;

» there are numerous local indigenous selec-
tions with a large fruit;

o the Mexican varieties Rendidora and Rendi-
dora mejorada, produced by INIFAP’s plant
improvers, are rarely used.

In several regions of Mexico the species
P. chenopodifolia Lam. grows wild in cultivated
fields: its use as a potential resource has been
recorded.

The species of Physalis in Mexico and Guate-
mala are not in any immediate danger of genetic
erosion. However, extensive explorations must
be carried out to collect both cultivated material
and wild plants found in cultivated fields so as to
consolidate the gene banks and contribute mate-
rial and information towards the genetic im-
provement programme for this crop.

Atpresent, INIFAP’s gene bank in Mexico has
approximately 190 collections of Physalis spe-
cies, obtained from four of the country’s states
while, in the gene bank at the University of San
Carlos, there are 41 accessions from several
regions of Guatemala.

Cultivation practices

Cultivation practices are common to the majority
of the solanaceous plants. Transplanting of the
tomato is widespread, principally in the areas

where frosts make it essential. Its advantages
include saving on seed, reduced weeding and the
possibility of starting the cycle while there is still
another crop on the ground as well as shortening
the growing cycle. Generally speaking, weeding
is done by hand or using mechanical implements.
Most growers use chemical fertilizers (nitrogen
and phosphorus): the doses range from 120 to
240 kg of nitrogen and from 60 to 150 kg of
phosphorus per hectare. Given the resources,
growers are confident they can control pests and
diseases affecting the crop. However, they would
need to know more about the doses, appropriate-
ness, products and cost-effectiveness ratios of
these control practices.

The tomatillo or husk-tomato i1s grown mainly
on irrigated land. Because of this, sowing dates
vary within each producing area, which explains
why this tomato is found on the market through-
out the year. In some areas it 1s grown on dry
land, both using residual humidity and during the
heavy rainstorms. Sowing density ranges from
17 000 to 25 000 plants per hectare. The fruit is
harvested when it reaches its normal size, when it
has a firm consistency and generally when the
apex of the calyx has begun to break. Small-
fruited varieties, selected for this purpose, under-
go cultivation practices similar to those used for
the large tomato.

The greater percentage of dormancy occurs in
the seed recently extracted from the fruit. In less
than a year it reaches its maximum germination
potential, losing it drastically as from the third
year under commercial storage conditions.

For marketing purposes, the small fruit must
not fill the calycinal envelope. On the other hand,
the large tomato must fill it completely and
should preferably break it to reveal part of the
fruit (this is visually attractive to the purchaser).

The wild tomatillo found in cultivated fields
adapts to various environments but it appears
mainly on cultivated ground and sometimes care
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is taken to prevent its removal during weeding
and earthing up. It appears most commonly on
parts of land where vegetable waste is concen-
trated and burned after clearance. This tendency
may be due to enrichment of the soil with the ash,
the effect of which is to stimulate high tempera-
tures in the seeds. Its apparent resistance to the
herbicide 2,4-D amine, which is widely used on
maize, may help its survival and even its spread
(through the reduction of competition in the
treated fields) in some agricultural regions.

The only two Mexican improved varieties,
Rendidora and Rendidora mejorada, have the
following characteristics: a smaller and more
uniform habit; few or no hollow fruits; and firmer

fruit of a lime-green colour.

Prospects for improvement

The variety Rendidora was formed from the best
collections selected in the state of Morelos,
where improvement work was carried out. Ren-
didora mejorada was derived from this variety. In
Guatemala, in spite of the wide genetic variation
recognized, genetic improvement of this crop is
still in its early stages. The characteristics most
affected by the environment are leaf size and
shape, growth habit and the growing cycle of the
plant. Soil fertility stands out as an environmen-
tal factor in expression of the phenotype.

Genetic improvement work in Mexico should
aim at: plants with large and firm, deep green (not
yellow) fruit; high yield, wide adaptation and
resistance to viral diseases and powdery mildew
(Oidium spp.). Improvement aims in Guatemala
should be the same, except regarding fruit colour,
since purplish green and yellowish green toma-
toes are preferred in that country.

P. chenopodifolia is in the initial stage of do-
mestication and shows a favourable response to
agricultural practices; accordingly, it must be
collected and evaluated so that the potential for
better utilization in the future may be established.
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Common to Andean civilizations of the past was
the existence of a well-organized agriculture
based on an appropriate use of the environment
and the continuous improvement of food plants
and domesticated animals. These civilizations
were aware that agriculture is the source of food
and that it guarantees society’s stability.

Following this line of thought, the history of
major civilizations should be approached from
the point of view of the domestication of plants,
their variability, the improvement of the main
crops and the advances achieved in agriculture.

Numerous publications have dealt with do-
mesticated plants in the Andean region and their
importance for regional and world food sup-
plies. However, the factors which caused the
marginalization of these crops have rarely been
analysed. The potential for their recovery has
not been highlighted, nor has the role that they
could perform in improving the living condi-
tions of peasants in other mountainous regions
of the world.

Andean biodiversity

It is acknowledged that one of the ways of achiev-
ing sustainable agriculture is to maintain genetic
diversity and thereby achieve a better ecological
relationship. What is amazing is the fact that the
pre-Hispanic cultures which ranged over the
Andean highlands had domesticated a great
number of species. The botanist O.F. Cook, a

The author of this chapter is M. Tapia (CIP, Lima
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Neglected crops of the
Andean region

member of the scientific expedition that discov-
ered the ruins of Machu Picchu, mentions that,
in the sixteenth century, more domesticated spe-
cies existed in the Andes than in Asia or Africa.

Since the formation of the pan-Andean em-
pires of Tiahuanaco and Chavin, and later among
the Wari, Mochica, Chimu and Nazca cultures,
special interest was taken in the domestication
of species. This is reflected in their representa-
tion on ceramic pieces at least 3 000 years ago.
From the beginning of the fifteenth century, the
Andes region constituted the Tahuantinsuyo (Inca
State), and an active exchange of seeds and ge-
netic material became widespread. Andean peas-
ants are maintaining this biological variability
through their cultivation methods as a strategy
for coping with the climatic risks which com-
monly occur in mountain agricultures and which
affect production.

In the Andes — one of the major centres of
world domestication, according to Vavilov — the
domestication of the potato (Solanum tubero-
sum andigenum) stands out; it includes seven
different species, of which more than 400 varie-
ties are still grown today.

Other plants were also domesticated, for ex-
ample the oca, ulluco and mashwa, and these
allowed crop rotation in the high regions of the
Andes to be completed. In the valleys, maize
was grown together with other crops of high
food value, such as Andean grains (quinoa, ama-
ranth), leguminous plants such as beans and lu-
pins, and roots such as arracacha, yacén and
chagos. To populate higher areas, cold-tolerant
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FIGURE 12

Andean region
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species were adapted; for instance quinoa, which
can be grown up to 3 900 m; gafiiwa, which
thrives at 4 000 m; and a root, called maca,
which is grown up to 4 200 m (Table 3).

In using the products of various ecological
areas, the Andean populations included fruits
from the yunga and quechua zones in their diet.
Some had very special flavours, such as the
sachatomate, capulin, Peruvian pepino, various
species of Cactaceae, passionfruit and mountain
papayas as well as condiment, aromatic and me-
dicinal species. It may be concluded, therefore,
that the Andean region is one of the greatest
centres of food plant biodiversity in the world.
The considerable plant genetic variability is ex-
plained by the profuse ecological diversity that
characterizes the Andes, as 18 agro-ecological
areas with different agricultural uses can be iden-
tified in the central Andean region of Peru alone.

It is important to remember that the presence
of numerous progenitor and wild species that are
related to the domesticated species and carry the
genes for adaptation to a wide diversity of high
Andean climatic conditions constitutes a most
valuable plant genetic resource, and its preser-
vation urgently needs to be supported by the

international community.

Conservation of Andean plant genetic
resources

Until now, the survival of Andean crops has
been due to the existence of numerous peasant
communities which still inhabit the area and
which, by preserving their traditions and their
ancestral knowledge of handling as well as culti-
vating and using these species, have managed to
prevent them from being lost.

They have also maintained numerous tradi-
tional agricultural technologies which are being
undermined by erosion processes but which are
fortunately the focus of various projects aimed

at rescuing and improving them (Cepia, 1988;

Minka, 1983, 1987; Pisa, 1989). The traditional
agricultural techniques are very varied and,
among others, include:

* the use of biological indicators for forecast-
ing climatic conditions;

* the development of various agricultural tools
such as the simple but effective foot-plough
or chakitaklla,

* managing and modifying the soil to make it
suitable for production using ridges and fur-
rows or raised plots (waru waru); terraces
which modify the land relief and which may
include irrigation or drainage; and gocha
or depressions in the ground to collect rain-
water;

* various products such as organic fertilizer,
for example guano from the islands;

» crop rotation and mixed cropping systems,
together with pest control and the use of
insect-repellent plants;

= techniques for preserving agricultural prod-
ucts, such as drying potatoes and other
tubers and storing them for years when
production is low.

Over the last 20 years, substantial work has
been carried out in the field for the systematic
conservation of Andean crops and their biodi-
versity. It was also intended to prevent genetic
erosion in the face of the advance of a modern
agriculture in which homogeneity and the devel-
opment of high-yielding varieties reign supreme
but which applies high levels of fertilizer and
makes indiscriminate use of agrochemical prod-
ucts.

Collecting expeditions (IBPGR, INIAP) in
Ecuador, Peru and Bolivia have obtained sam-
ples showing the variability of Andean crops
and have ensured the conservation of a high
percentage of genetic material. Of equal impor-
tance has been the compilation of descriptors
of the main Andean species, done with the help
of FAO’s Seed and Plant Genetic Resources
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TABLE 5 Main food species originating in the Andes

Crop (common name) Latin name Altitude (m) Agro-ecological zone!
Tubers
Mashwa, afiu Tropaeolum tuberosum 3500 - 4100 Suni, puna
Oca Oxalis tuberosa 2300 - 4 000 High quechua, suni
Bitter potato Solanum x curtilobum 3900 - 4200 Suni, puna
Solanum x juzepczukii 3900 - 4200 Suni, puna

Potato Solanum indigenum 1000 - 3900 Yunga, quechua, suni
Ullucu, oca quina Ullucus tuberosus 2800 - 4 000 High quechua, suni
Roots
Acira, Queensland arrowroot Canna edulis 1000 - 2 500 Yunga, low quechua
Arracacha, apio, Peruvian parsnip Arracacia xanthorrhiza 1000 - 2 800 Yunga, low quechua
Mauka, chago Mirabilis expansa 1000 - 2500 Yunga, humid quechua
Maca, pepper grass, pepper weed Lepidium meyenii 3900 - 4200 Puna
Leafcup yacon Polymnia sonchifolia 1000 - 3000 Yunga, low quechua
Grains
Love-lies-bleeding, cat-tail, Inca wheat,

tumbleweed, kiwicha Amaranthus caudatus 2 000 - 3 000 Quechua
Canihua, gafiwa, cafahua Chenopodium pallidicaule 3500 - 4100 Suni, puna
Quinoa, quinua, suba Chenopodium quinoa 2300 - 3900 Quechua, suni
Legumes
Kidney bean, French bean, dwarf bean,

string bean... Phaseolus vulgaris 1500 - 3500 Yunga, quechua
Basul Erythrina edulis 2000 - 2 800 Quechua
Andean lupin, South American lupin Lupinus mutabilis 500 - 3 800 Yunga, quechua, suni
Fruit-trees
Cape gooseberry Physalis peruviana 500 - 2 800 Yunga, quechua
Lucumo Pouteria obovata 0-2700 Yunga, low quechua
Naranijilla, lulo Solanum quitoense 500 - 2 300 Yunga
Mountain papaw, papayuela Carica pubescens 500 - 2 700 Yunga, quechua
Pepino Solanum muricatum 500 - 2300 Yunga
Tree tomato, tamarillo Cyphomandra betacea 500 - 2700 Yunga, quechua
Banana passionfruit, tacso, curuba, curuba

passionfruit Passifiora mollissima 2000 - 3200 Quechua

Altitudes and ecological regions to which a species is best suited; species can also be grown above or below such limits under modified

conditions.
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Service. In recent years, emphasis has been on
in situ conservation, i.e. in the farmers’ own
fields and under their cultivation systems. These
measures have been backed by the organization
of exhibitions such as “seed fairs” where, with
the participation of local peasant communities,
the conservation of plant genetic diversity is
encouraged and prizes are awarded.

Potential uses of Andean crops

The marginalization of Andean crops occurred
because of the low social prestige attached to
certain plants that constitute the staple foods of
poor populations; the laborious processes re-
quired to prepare them; and their consequent
low economic return in a marginal agricultural
system.

A huge promotional effort 1s required to in-
crease mass consumption of these species, par-
ticularly those which stand out on account of
their nutritional value, an essential condition for
this being in many cases the improvement of the
postharvest process. The bitter or toxic substances
which the ripe fruit of some species might con-
tain must not be a drawback, since technologies
do exist for extracting them and because some
compounds, such as lupin alkaloids and the sa-
ponins of quinoa, may have a pharmacological
application and even be used as a biological
alternative in pest and disease control.

Interesting prospects are opening up, more-
over, for the expansion of some Andean crops:
in the United States, Europe and New Zealand
there is growing interest in the quinoa and ullu-
co and, throughout the world, in exotic fruit-
trees such as Peruvian pepino. These crops can
be processed advantageously to obtain by-prod-
ucts and it is possible to show that marginal
yields can be modified when a secure market
exists, as in the case of Brazil, for example,
where arracacha gives high yields when appro-
priate technology is used.

For this reason, it is of utmost importance to
adapt the management of traditional Andean
crops to suitable technologies which enable their
production to be increased. By eliminating one
of the factors of their marginalization they will
be able to compete under better conditions with
other, more widespread crops.

Advances 1n research and a gradual market
acceptance permit a selection to be made of
those Andean crops that have an immediate
chance of being rescued for food use regionally
and worldwide.

In the following chapters, currently neglected
native food species of the Andes are described,
details are given of their present situation and an
analysis is made of their production conditions
and the potential they could have if the condi-
tions of their marginalization were modified.
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CANIHUA

(Chenopodium pallidicaule)
Botanical name: Chenopodium pallidi-
cautle Heller
Family: Chenopodiaceae
Common names. English: canihua,
Spanish: qafiiwa, cafiithua (Peru), canahua
(Bolivia)

The canihua, which originated in the Andes of
southern Peru and Bolivia, was domesticated by
the settlers of Tiahuanaco, who established
themselves on the tableland of Collao. No ar-
chaeological remains have been found connected
with this plant, and the dehiscence which the
seeds still display suggests that its domestication
is not complete. It is important on the high pla-
teau of Peru and Bolivia because it produces
grains for human consumption at between 3 800
and 4 300 m, being very cold-resistant in its
various phenological phases. At present, its culti-
vation and utilization are maintained at subsist-
ence levels in these regions. One of the causes of
its marginalization is the large number of people
required to harvest it and its small grain size,

which makes handling difficult.

Use and nutritional value

This grain has a high protein content (15 to 19
percent) and, like quinoa and love-lies-bleeding
(kiwicha), a high proportion of sulphur-contain-
ing amino acids. It has the advantage of not
containing saponins, which facilitates its use.

The author of this chapter is A. Mdjica (INIAA, Arequipa,
Peru).

The traditional and most frequent method of
consumption is in the form of lightly roasted,
ground grains which produce a pleasant flour
called canihuaco. This is consumed on its own,
in cold or hot drinks, or in porridges. Over 15
different ways of preparing the whole grain and
cafithuaco are known (as entrées, soups, stews,
desserts and drinks). In the bakery industry good
results have been achieved by adding 20 percent
of caiihuaco to wheat flour, which gives the
product (bread, biscuits) a pleasant characteristic
colour and flavour.

Carithuaco also has medicinal uses: it counter-
acts altitude sickness and fights dysentery while
the ashes of its stem can be used as a repellent
against insect and spider bites.

Botanical description
Chenopodium pallidicaule is an annual plant of
25t0 70 cm, with variations in its branching. Two
types are differentiated: Saigua, of erect growth
and with few secondary branches, and Lasta,
which is very branched. It has a taproot with
multiple slender ramifications. When it reaches
maturity, its leaves and stem turn yellow, pink,
orange, red or purple. Its inflorescences are on
terminal and axillary cimas, covered by the
leaves; the flowers are small, without petals and
are of three types: hermaphrodite, pistillate and
male sterile; the androecium is formed by one to
three stamens, and the gynoecium has a unilocu-
lar superior ovary. The seed is from 0.5 to
1.5 mm in diameter, is brown or black, piriform
and slightly compressed. The leaves are petio-
late, thomboid, trilobulate and alternate.

The seeds do not exhibit dormancy and can
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germinate on the plant itself if there is sufficient
humidity. Because it ripens gradually, there is a
spontaneous loss and dispersal of seeds, which is
characteristic of the wild species. The seeds can
remain for several years in the soil where
C. pallidicaule has been grown.

Ecology and phytogeography

The crop extends from central Peru (Huaraz) to
Cochabamba in Bolivia, between 3 000 and
4 000 m, with a greater concentration in the high
plateau region. It is sporadic on small plots in the
tableland of Bombd6n (Junin, Peru). Following
are C. pallidicaule’s basic requirements:

Photoperiod. 1t is a day-neutral plant and shows
adaptability to several environments. Grain has
been produced experimentally in Finland at lat.
40°N.

Humidity. The plant needs 500 to 800 mm of
rain, but it can also tolerate prolonged periods of
drought. Tt displays extreme susceptibility to
excessive humidity in the first stages of
development.

Temperature. Once established, the plant is very
resistant to cold and cantolerate temperatures as
low as -10°C during branching, since it has an
adaptation mechanism whereby the leaves cover
and protect the primordia and flower stems at
nightfall, thus preventing the vital parts of the
plant from freezing. At the other extreme, it can
tolerate up to 28°C, if it has the necessary
humidity.

Soil. Tt prefers loamy-clayey soils, as it has suffi-
cient phosphorus and potassium. The appropriate
pH varies between 4.8 and 8.5. It exhibits toler-
ance to salinity. A
The so-called Mama Qafiiwa, Machu Qafiiwa
and K’ita Qafiiwa, which are the closest relatives

of canihua, frequently grow in wild form and
among crops of bitter potato. The wild forms can
attain considerable sizes under good fertility con-
ditions. These plants are harvested and eaten
during years of scarcity.

Genetic diversity

The canihua displays wide genetic diversity,
with several plant forms, from erect (Lasta) to
creeping (Saigua). Plant and seed colour, earli-
ness, protein content, adaptation to soils, precip-
itation and tolerance of pests and diseases vary.
Normally, cultivated species, escape species of
the crop and wild species are found. The centre of
diversity is limited to the Peruvian-Bolivian high
plateau, i.e. the region between the knot of Vil-
canota in Peru to the salt deposits of Uyuni in
Bolivia.

Some of the cultivars known in Peru are: Cupi,
Ramis, Akallapi, Huanaco, Rosada, Chillihua,
Condorsaya, K’ellu and Puca. In Bolivia, culti-
vars include Kanallapi, Chusllunca and Issualla.

There are germplasm collections at the INTAA
experimental stations of Camacani and Ilipa
(Puno), the San Antonio Abad University in
K’ayra (Cuzco), Peru, and at the University of
Patacamaya (IBTA), Bolivia, where more than
380 accessions are stored in cold, dark environ-
ments, although they are inadequate for long-
term conservation.

Since selected varieties have not yet been in-
troduced on a large scale in the two countries
where it 1s grown, there is no danger of genetic
erosion.

A complementary systematic collection of ge-
netic variability is needed in the Lake Titicaca
basin, on the Peruvian-Bolivian high plateau, in
ranges and areas above 4 000 m, in high Andean
valleys of the central range (Ancash, Hudnuco,
Junin, Huancavelica, Ayacucho and Cuzco), in
arid zones bordering the salt deposits in Bolivia
and lastly in the puna (high Andean plateau) and
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FIGURE 13

Andean grains: A) canihua (Chenopodium pallidicaule); A1) hermaphrodite flower; A2) male flower; A3) fruit; Ad) seed;
B) quinoa (C. quinoa); B1) hermaphrodite flower; B2) female flower; B3) fruit; B4) seed
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prepuna of northern Argentina. Collections must
be taken from crops and, more especially, from
wild populations which have not yet been col-
lected, thus completing their in situ conservation.

Cultivation practices
Traditional cultivation takes place exclusively in
dryland conditions, without fertilization, in rota-
tion fields with bitter potato and other Andean
tubers and with very little soil preparation. The
seed is broadcast at the rate of approximately 5 to
8 kg per hectare. It often seems to have been
sown in furrows, but these have been revealed to
be no more than the ridges left over from potato
growing after earthing up. Harvesting and
threshing is done in several stages. These consist
of pulling up the plants with their roots, shaking
them so that the ripe grains fall off, then leaving
them to dry for ten to 15 days and finally thresh-
ing them with curved sticks (wajtana). Because
of C.pallidicaule’s gradual ripening, some
grains remain and threshing is generally repeated
after a further ten to 15 days. Using this tech-
nique, the farmer obtains from 400 to 800 kg of
grain per hectare. The dry stems and chaff are a
valued by-product for animal feeding.
However, a yield of 3 tonnes per hectare can be
achieved by preparing the soil with good hoeing,
sowing in furrows 40 cm apart, using seed select-
ed according to its size (5 kg per hectare) and
applying fertilizer (60-40-00 or 80-80-00). Ni-
trogen is applied at two stages: sowing and
branching. The soil is earthed up and hoed to
prevent competition. Pests are controlled in the
event of production being threatened, particular-
ly in the case of Epicauta sp., Gnorimoschema
sp. and Myzus sp. Harvesting takes place when
the plants change colour. It consists of cutting
and laying the grain for threshing after 20 to 30
days or when it is completely dry. Threshin gmay
be done by hand, using curved sticks and sieves,

or it may be mechanized, using a stationary

wheat thresher (reducing the revolutions to a
minimum, closing off the air intake and modify-
ing the sieve dimensions). The grain, which is
covered with fine chaff, needs cleaning. Com-
mercial yields using this technique can amount to

as much as 1 500 kg per hectare.

Prospects for improvement

Among Andean grains there are many limitations
because of the low distribution of their cultiva-
tion. Genetic and agronomic research, evaluation
of the germplasm and processing or industriali-
zation have been very partial in relation to the
potential of the species. The difficulty of harvest-
ing as a consequence of non-uniform grain ripen-
ing is currently one of the main limitations.

Furthermore, outside its production area, little
is known about the use of this species for food.
Nor is there any agro-industrial processing of the
grain. The size of the grain makes processing and
domestic preparation of canihuaco difficult.
Moreover, this traditional method is falling into
disuse because of its laboriousness.

The main advantages of C. pallidicaule are its
adaptation to the agroclimatic conditions of cold
high zones above the altitude of 3 800 m, where
other crops do not thrive; its nutritional value,
with a 15 to 18 percent protein content and an
excellent balance of essential amino acids; and
the possibility of the entire plant’s use as a fodder
species.

Potential areas for introduction and cultiva-
tion. Cultivation could be stepped up in the flat
areas of the high tableland of Peru and Bolivia
and in the zones above 3 800 m of the central
cordillera of the Andes.

Research, promotion and official support
could result in a revival of the crop on cold land
in the Andes. The lines of research and promo-
tion necessary to initiate a wider spread of the
crop are as follows:
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 completing the collection, evaluation and
characterization of the genetic material
available in the Andean region, the priority
being to obtain varieties ripening uniformly,
with lesser dehiscence and large grains;

° producing improved seed and distributing it
to producers;

e building efficient prototype mechanical
threshers for the grain;

¢ implementing agro-industrial processing so
as to offer attractive products which can be
marketed profitably;

¢ publicizing its nutritional value and ways of
preparing it.

QUINOA
(Chenopodium quinoa)
Botanical name: Chenopodium quinoa
Willd.
Family: Chenopodiaceae
Common names. English: quinoa, quinua;
Quechua: quinua, kiuna (Ecuador, Peru,
Bolivia); Aymara: jiura (Bolivia);
Mapuche: quinhua (Chile); Chibcha: suba

(Colombia)

The quinoa is a food plant which was extensively
cultivated in the Andean region by pre-Columbi-
an cultures some 5 000 years ago and was used in
the diet of the settlers both of the inter-Andean
valleys, which are very cold high areas, and of the
high plateaus. After maize, it has occupied the
most prominent place among Andean grains.

At present, it continues to be grown in Colom-
bia, Ecuador, Peru, Bolivia, Chile and Argentina.
Its marginalization began with the introduction
of cereals such as barley and wheat, which even-
tually replaced it. The reduction in its cultivated
area in the Andean countries is also due to tech-
nical, economic and social reasons. Harvesting

and threshing, which in the majority of cases are

done by hand, take a great many days and the
grain requires a process to remove its bitter in gre-
dients before consumption. The prices received
by farmers often do not justify their labour.

Uses and nutritional value

The parts of Chenopodium quinoa used as human
food include the grain, the young leaves up to
where ear formation begins (the protein content
of the ear is as much as 3.3 percent in the dry
matter) and, less frequently, the young ears. The
plants nutritional value is considerable: the con-
tent and quality of its proteins are outstanding
because of their essential amino acid composi-
tion (lysine, arginine, histidine and methionine);
its biological value is comparable to casein and it
is especially suitable for food mixtures with leg-
umes and cereals.

Of the Andean grains, C. quinoa is the most
versatile from the point of view of culinary prep-
aration: the whole grain, the uncooked or roasted
flour, small leaves, meal and instant powder can
be prepared in a number of ways. There are
numerous recipes on about 100 preparations,
including tamales, huancaina sauce, leaf salad,
pickled quinoa ears, soups and casseroles, stews,
torrejas, pastries, sweets and desserts and soft
and fermented, hot and cold, beverages, as well
as breads, biscuits and pancakes, which contain
15 to 20 percent of quinoa flour.

The whole plant is used as green fodder. Har-
vest residues are also used to feed cattle, sheep,
pigs, horses and poultry.

The leaves, stems and grain have medicinal
uses and the properties attributed to it include
cicatrization, anti-inflammation, analgesia
against toothache and as a disinfectant of the
urinary tract. It is also used in the case of fractures
and internal haemorrhaging and as an insect re-
pellent.

Its production potential is good. Because of

this, its cultivation is spreading to other coun-
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tries. With adequate soil preparation, fertilization
and pest and disease control, yields of more than
3 to 4 tonnes per hectare can be obtained. In
recent years, it has been introduced on the inter-
national market, fetching prices in excess of
US$1.5 per kg.

Botanical description

C. quinoa is an annual herbaceous plant, measur-
ing 0.20 to 3 m in height, depending on environ-
mental conditions and genotype. It has a
racemose inflorescence (a panicle with groups of
flowers in glomerules); small, incomplete, ses-
sile flowers of the same colour as the sepals and
they may be hermaphrodite, pistillate or male
sterile. The stamens have short filaments bearing
basifixed anthers; the style has two or three feath-
ery stigmas.

The fruit occurs in an indehiscent achene, pro-
tected by the perigonium. The seeds are 1 to
2.6 mm and are white, yellow, red, purple, brown
or black. The leaves show pronounced polymor-
phism: thomboid, deltoid or triangular. The tap-
root is densely branched.

Ecology and phytogeography

The cycle varies from 120 to 240 days and is
suited to various environmental conditions. The
phenological phases are emergence; two, four
and six true leaves; branching; start of ear forma-
tion; full formation of ear; start of florescence;
florescence or anthesis; woody grain; soft grain;
and physiological maturity.

The quinoa has the ability to adapt to adverse
environmental conditions such as cold and
drought. Its seeds do not exhibit dormancy and
they germinate when conditions are suitable,
even on the plant itseif although, in the wild
forms, they may remain in the soil for two to
three years without germinating.

C. quinoa’s traditional cultivation area ex-
tends from lat. 8°N to lat. 30°S, as the plant

adapts to different conditions of humidity, alti-
tude and topography. Its requirements are:

Precipitation. This depends on the agro-ecolog-
ical zone and the genotype to which it belongs. It
varies from 250 mm (the area of salt deposits in
Bolivia) to 1 500 mm in the inter-Andean val-
leys. Although it shows strong resistance in peri-
ods of drought, it requires sufficient humidity at

the commencement of cultivation.

Temperature. 1t tolerates down to -5°C in the
branching phase, depending on the ecotype and
the duration of the minimum temperature. Its
ontogenic resistance to cold and drought is very
variable. Ecotypes exist which are resistant to
temperatures of down to -8°C and survive for
20 days (mean monthly temperature).

Soil. 1t prefers easily worked, semi-deep soils,
with good drainage and a supply of nutrients. It is
suited to acid soils with a pH of 4.5 (in Cajamar-
ca, Peru) and alkaline soils with a pH of up t0 9.5
(in Uyuni, Bolivia), depending on the ecotype.
Acceptable production is also obtained both on
sandy and clayey soils.

Genetic diversity

The nearest wild species to C. quinoa are
C. hircinum and C. berlandieri, which have the
same number of chromosomes (2n = 4x = 36),
and C. pallidicaule with 2n = 2x = 18 chromo-
somes.

Sympatric wild populations of domesticated
populations exist under cultivation, and morpho-
logical and electrophoretic similarities can be
noted between one and the other in each locality,
which indicates that domesticated quinoas are
generally accompanied by wild populations in
their various distribution areas.

Cultivated quinoas exhibit great genetic diver-
sity, showing variability in the colouring of the
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plant, inflorescence and seeds, types of inflores-
cence, protein content, saponin content, beta-
cyanine and calcium oxalate crystals in the
leaves, so that a wide adaptation to different
agro-ecological conditions may be seen (soils,
precipitation, temperature, altitude, resistance
to frost, drought, salinity or acidity).

From the point of view of its variability, it may
be considered an oligocentric species, with an
ample centre of origin of multiple diversifica-
tion. The Andean region and, within it, the shores
of Lake Titicaca, are where the greatest diversity
and genetic variation occur. The main varieties
known in this region are: in Peru, Kancolla,
Cheweca, Witulla, Tahuaco, Camacani, Yocara,
Wilacayuni, Blanca de Juli, Amarilla de Ma-
rangani, Pacus, Rosada y Blanca de Junin, Hual-
huas, Huancayo, Mantaro, Huacariz, Huacataz,
Acostambo, Blanca Ayacuchana and Narifio; in
Bolivia, Sajama, Real Blanca, Chucapaca, Ka-
miri, Huaranga, Pasancalla, Pandela, Tupiza,
Jachapucu, Wila Coymini, Kellu, Uthusaya,
Chullpi, Kaslali and Chillpi; in Ecuador, Inbaya,
Chaucha, INIAP-Cochasqui, Tanlahua, Piartal,
Porotoc, Amarga del Chimborazo, Amarga de
Imbabura and Morada; in Colombia, Dulce de
Quitopampa; in Argentina, Blanca de Jujuy; and
in Chile, Baer, Lito, Faro and Picchaman.

The risks of genetic erosion are due not only to
the loss of viability in gene banks (at present it
exceeds 15 percent annually) but also that occur-
ring in the areas of diversification, particularly in
places where cultivars and modern varieties are
promoted for commercial purposes. The case of
wild species is even more delicate, with small,
isolated populations which have not been collect-
ed in time and which are inexorably vanishing.
There are also risks from environmental factors
and natural disasters. /n situ conservation is an
alternative, although there are difficulties of a
socio-economic nature and also regarding insti-
tutional support.

Throughout the Andean region there are sever-
al gene banks where over 2 000 accessions are
preserved in cold-storage rooms: in Peru, at the
experimental stations of Camacani and Illpa
(Puno), K’ayra and Andenes (Cuzco), Candan
(Ayacucho), Mantaro y Santa Ana (Huancayo),
Bafios del Inca (Cajamarca); in Ecuador, at the
Santa Catalina station of INIAP (it has a cold-
storage room); and in Bolivia, at the Patacamaya
station of the IBTA.

The areas of genetic diversity where there are
still no collections are the islands of Lake Titi-
caca; the areas above 3 900 m in Peru and Boliv-
ia; the semi-arid inter-Andean valleys; the
salt-pans; the valleys of the eastern slope of the
Andes; and the cold zones of Argentina.

Cultivation practices

The traditional cultivation technique consists of
sowing under dry conditions in a crop rotation
with potato or on strips in maize crops, with little
soil preparation and using only the residual or-
ganic fertilizers from the preceding crop. Sowing
density varies between 15 and 20 kg of unselect-
ed seed per hectare. As traditional growers al-
ways look for safety in cultivation, they therefore
sow several ecotypes at different times and in
different locations. Cultivation work is limited to
one or two hoeings, with occasional earthing up,
particularly in the inter-Andean valleys. There is
no pest and disease control. The plants are har-
vested when they reach physiological maturity
and are laid for 30 to 45 days, after which they are
threshed on well-trodden ground, beaten with
curved sticks (wajtana) or trampled by animals.
Yields range from 400 to 1 200 kg per hectare,
depending on the region.

Experimental results show that yields can be
increased by preparing the soil well, applying 80-
40-00, applying fractionated nitrogen during
sowing and earthing up. It is recommended that

the crop be sown in furrows spaced 40 to 80 cm
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apart, using 10 kg per hectare of selected seed
and hoeing during the first phenological phases,
with earthing up particularly in the case of
valley-growing quinoa and control of the main
pests. The crop can be harvested using either
combine harvesters or stationary harvesters.
Yields of up to 5 000 kg per hectare of grain can
be achieved and a by-product of harvesting is 5 to
10 tonnes per hectare of chaff for feeding live-
stock. These yields can be produced under suit-
able climatic conditions (rain and temperature),
which do not always prevail in the different agro-
ecological areas of the Andes.

Prospects for improvement

One of the main current limitations of cultivation
stems from the fact that almost all the traditional
varieties contain saponins in a greater or lesser
quantity, which give the grain a bitter flavour.
However, varieties with a low saponin content do
exist, for example Blanca de Junin, as do some
which are almost free of saponin, such as Sajama
and Narifio.

For centuries, the quinoa has been considered a
food of low social prestige, although this preju-
dice is slowly changing. There needs to be a
greater awareness of its nutritional value.

Prospects for improving propagation and culti-
vation techniques are fairly encouraging. Agro-
industrial processing is a decisive factor for the
present and future development of the crop. It
enables quality and use to be optimized and
aggregate value increased and it makes market-
ing easier, thus encouraging growers not only to
improve productivity but also to increase the area
sown.

Experiments in projects such as that of
COPACA (1990) in publicizing knowledge
about the quinoa, among other crops, open up
prospects of the crop spreading on a very large
scale, in view of its strategic importance in feed-
ing populations, especially the rural population.

It may also be extended to the urban and periph-
eral populations and be of interest in food securi-
ty programmes.

There are possibilities of its being introduced
into the market economy and of its contributing
to the generation of adequate incomes. However,
there are still an excessive number of intermedi-
aries in the marketing process and quality param-
eters still have to be determined in terms of the
market and exports.

Potential areas for introduction and culfiva-
tion. The rate of distribution and cultivated area
attained with the quinoa before the sixteenth
century could be recovered and its cultivation in
arid and semi-arid or marginal areas increased. In
Venezuela, good results have been produced by
trials carried out in the Mérida and Maracay areas
with a view to its future introduction in the De-
partments of Mérida, Trujillo and Lara. In Co-
lombia, these trials included the savannah of
Bogota and the Departments of Boyacd, Cundi-
namarca, Valle, Huila, Narifio, Santander and
Antioquia.

In Ecuador it has been introduced throughout
the Andean region, mainly in the provinces of
Carchi, Imbabura, Pichincha, Cotopaxi, Chimb-
orazo, Loja and Tunguragua. Its cultivation is
being promoted by private firms in low, warmer
agro-ecological areas for export.

In Peru, it has been introduced throughout the
Andean region from Piura to Tacna, although on
the coast its potential is good, particularly as
regards export. In Bolivia, it has also been intro-
duced into the Andean region. Its yield can be
increased in the area of the salt-pans and it can be
incorporated in the yungas.

It would be feasible to introduce the crop into
Honduras and Guatemala as well as the central
states of Mexico (México, Puebla, Guerrero,
Tlaxcala and Oaxaca). It has been researched in
the United States and is now sown in Colorado,
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Texas, New Mexico and Utah. In the Himalayas,
1t 18 grown with acceptable results.

The main advantages of this crop are its ability
to produce a grain of high biological quality and
the existence of germplasm suited to various
ecological conditions. Furthermore, the current
knowledge and use of this species by the peasants
should be extended.

Lines of research

» Completing the collection, evaluation, char-
acterization, documentation and exchange
of germplasm in the various countries of the
Andean region; improving the installations
and equipment of current gene banks.

o Genetic and agronomic improvement: se-
lecting a wide range of early varieties which
have alow saponin content, a large grain and
which are high-yielding and resistant to
frost, drought and salinity; improving the
plant’s uniformity of architecture and of
ripening to facilitate mechanized harvest-
ing; carrying out integrated pest and disease
control; establishing a basic genetic seed
production programme and commercial
seed propagation programme for the various
agronomic areas of the Andes.

o Postharvest and processing: perfecting
technology for the removal of saponins from
the grain while avoiding loss of nutritional
value; encouraging industrial processing.

o Nutritional value and use: carrying out
chemical and nutritional characterization of
the saponin and its use in the pharmacopoe-
ia; publicizing nutritional characteristics
and culinary versatility.

o Commercialization and marketing: evaluat-
ing domestic consumption, stimulating de-
mand and including it in food assistance
programmes; improving information on
prices and quality parameters; specifying
health procedures for export.

ANDEAN LUPIN

(Lupinus mutabilis)
Botanical rname: Lupinus mutabilis Sweet
Family: Fabaceae
Common names. English: Andean lupin,
South American lupin; Quechua: tarwi
(Peru, Bolivia); Aymara: tauri (Bolivia);
other indigenous languages: chocho,
chochito (Ecuador and northern Peru),
ccequela (Peru [Azdngaro]), chuchus (Bo-
livia); Spanish: altramuz, lupino, chocho

The Andean lupin is a leguminous plant that was
domesticated and grown by the ancient settlers of
the central Andean region from pre-Incan times,
as indicated by seeds found in tombs of the Nazca
culture and the plant’s representation on Tiahua-
naco pottery. As in earlier times, Andean popula-
tions still use the seeds as a food today. They
were very important as long ago as the pre-
Hispanic era, figuring foremost among foods
because of their high protein content.

Lupinus mutabilis is still grown from Ecuador
to Chile and northern Argentina under different
production systems. It was displaced by Europe-
an crops and, because of this, has been one of the
native species most affected by marginalization.
The grain has a high alkaloid content which
imparts a very bitter taste and a process is there-
fore needed to eliminate it, thus giving it a dis-
advantage compared with other introduced
legumes. The result has been a reduction in culti-
vated area of L. mutabilis, despite its agronomic
and nutritional benefits, such as the fixing of at-
mospheric nitrogen (more than 100 kg per hec-
tare), cold resistance and a high protein and oil
content. Its marginalization may have been influ-
enced by the fact that it was eaten mainly by the
indigenous population, as well as by its variable
yield: on peasant plots, 300 to 600 kg per hectare
are obtained; under suitable conditions, 3 500 kg,
and experimentally, 7 000 kg per hectare.
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Uses and nutritional value
The Andean lupin is not only an important source
of protein (42.2 percent in the dry grain, 20
percent in the cooked grain and 44.5 percent in
the flour), but also of fat which in the dry grain is
16 percent and in the flour 23 percent. It is used
for human consumption after the bitter taste has
been removed, a process for which there are
several methods. Preparation varies according to
the region and the occasion on which it is eaten:
cebiche serrano, soups (cream of Andean lupin);
stews (pipidn, a kind of fricassée); desserts (ma-
zamorra custard with orange) and soft drinks
(papaya juice with Andean lupin flour).
Industrially, flour 1s obtained which is used in
a proportion of up to 15 percent in breadmaking
—it has the advantage of considerably improving
the protein and calorific value of the product. It
also allows the bread to be kept longer because of
the retrogradation of the starch, a greater volume
being obtained owing to the emulgent properties
of the sweet lupin’s lecithin. The alkaloids
(sparteine, lupinine, lupanidine, etc.) are used to
control ectoparasites and intestinal parasites of
animals. Occasionalfly, farmers use the Andean
lupin’s cooking water as a laxative and to control
pests and diseases. In the flowering state, the
plant is incorporated into soil as green manure
and effectively improves the quantity of organic
matter and the structure and moisture retention of
the soil. Because of its alkaloid content, it is
frequently sown as a hedge or to separate plots of
different crops, preventing damage which ani-
mals might cause. Harvest residues (dry stems)
are used as fuel because of their high cellulose
content which provides an appreciable calorific
value.

Botanical description

L. mutabilis is an annual plant varying in height
from 0.4102.5 m, depending on the genotype and
environment in which it is grown. It has a taproot

with a thick main stem, reaching up to 3 m. The
ramified secondary roots have symbiotic nodules
with bacteria of the Rhizobium genus. The stems
are cylindrical and woody. The leaves are pal-
mate and digitate. It has racemose inflorescences
with several flower verticils, each with five flow-
ers, whose colours range from blue, purple, sky
blue, pink to white. The androecium is formed by
ten dorsifixed and five basifixed stamens. Be-
cause of flower abscission, 50 to 70 percent of the
flowers do not form fruit, especially on second-
ary and tertiary branches. The fruit occurs in a
pubescent, indehiscent pod in the cultivated spe-
cies, with some dehiscence in the semi-cultivated
and wild species. It is elliptical or oblong, point-
ed at both ends, with approximately 130 pods per
plant. The seed is lenticular, 8 to 10 mm long and
6 to 8 mm wide. Its colour varies between black
and white, through bay, dark grey, light grey
and greenish yellow. A hardened integument,
containing alkaloids, accounts for 10 percent
of the seed. The weight of 100 seeds is between
20 and 28 g.

The growing cycle varies between 150 and 360
days, depending on the genotype and whether
ripening of the central stem alone is taken into
account or that of other branches. The various
phenological phases are: emergence; first true
leaf; formation of the raceme on the central stem;
flowering; podding; pod ripening; and physio-
logical maturity. The seeds exhibit dormancy
through immaturity, since they require a post-
ripening phase before germinating. In wild spe-
cies of Lupinus, dispersion is spontaneous
through dehiscence and may extend as far as
several metres.

Ecology and phytogeography

L. mutabilis 1s grown in temperate cold areas
(Venezuela, Chile and northern Argentina), in
inter-Andean valleys and on high plateaus, from
2 000to 3 850 m, although good yields have been
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obtained in experiments at sea level. The require-
ments of L. mutabilis are:

Photoperiod. 1t is apparently unaffected by this
factor, although it is grown more under short-day
conditions.

Precipitation. Its requirements are between 350
and 800 mm and it is grown exclusively under
dry farming conditions. It is susceptible to exces-
sive humidity and moderately susceptible to
drought during flowering and podding.

Temperature. It does not tolerate frosts during
the raceme formation and ripening phase, al-
though some ecotypes grown on the shores of
Lake Titicaca have a greater resistance to cold.

Soil. 1t prefers loamy-sandy soils, with an ade-
quate balance of nutrients, good drainage and a
pH between 5 and 7; on acid soils, Rhizobium
nitrogen-fixation is very low.

Cultivation continues in the traditional way in
Ecuador, Peru and Bolivia, although introduc-
tions have now been made with good results in
Venezuela, Colombia, Chile, Argentina, Mexico
and Buropean countries.

Genetic diversity
The Andean lupin displays a wide genetic diver-
sity, with great variability in its architecture,
adaptation to soils, precipitation, temperature
and altitude. This 1s also the case with earliness,
protein, oil and alkaloid content and disease tol-
erance. The colour of the seed, plant and flower
varies. Its centre of origin would seem to be
located in the Andean region of Ecuador, Peru
and Bolivia, since the greatest genetic variability
is found there. In this region, 83 species of the
Lupinus genus have been identified.

Known varieties and cultivars are numerous:

in Peru, Andenes 80, Cuzco, K’ayra, Carlos

Ochoa, Yunguyo, Altagracia, H6, SCG-9, SCG-
25, SLP-1, SLP-2, SLP-3, SLP-4 and SLP-5; in
Bolivia, Toralapa and Carabuco; and in Chile,
Inti.

Several working collections are kept in univer-
sities, at research institutes and in technical coop-
eration projects throughout the Andean region.
More than 1 600 accessions are kept in cold-
storage rooms at several experimental stations.
The main ones are in Peru (K’ayra in Cuzco,
Santa Ana in Huancayo, Illpa and Camacani in
Puno, Baflos del Inca in Cajamarca and Candan
in Ayacucho), Bolivia (Patacamaya, Toralapa
and Pairumani) and Ecuador (Santa Catalina).

The high fat content of the seeds reduces ger-
mination times; losses may be as much as 20 to
25 percent annually, hence continuous regenera-
tion of the material is required.

No genetic erosion has yet been observed in
the field, since the introduction of improved vari-
eties is not significant. /n situ conservation
would be a good alternative, particularly for the
wild species.

The areas of genetic diversity of cultivated or
wild species which need to be collected are situ-
ated above 3 800 m in semi-arid regions, in deep
inter-Andean valleys, on the eastern slope of the
Andes, on the low ridges of the Peruvian coast, at
the foot of the Venezuelan mountains, in the
Colombian savannah, in northern Argentina, in
the yungas of Bolivia and in Chile, in Con-
cepcién and Chiloé in the south, and in the north-
ern areas.

Cultivation practices

The traditional cultivation practice consists of
sowing after minimum tilling, particularly on
thin soils and in high areas because of the sparse
growth of weeds and the need to conserve humid-
ity. The crop is generally cultivated in rotation
with potato or cereals, without the use of fertiliz-

ers or manures. Sowing density varies from 100
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FIGURE 14
A) Andean lupin (Lupinus mutabilis); A1) flower; A2) legume; A3) seed; B) kiwicha (Amaranthus caudatus); B1) flower;
B2) fruit

A
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to 120 kg per hectare of unselected seed, which is
broadcast. Cultivation work is limited to hoeing.
Harvesting takes place when the plants have
reached full maturity. The seeds are separated
from the pod by blows from a curved stick or they
are trampled by livestock. Threshing is complet-
ed by winnowing. Using this technique, yields
range between 500 and 1 000 kg per hectare,
depending on the region and ecotypes used.
The improved cultivation technique consists
of sowing on pre-prepared soil that has been
fertilized with the formula 0-60-00 or 0-80-60,
depending on soil fertility. The requirement is 80
to 90 kg of selected seed per hectare, disinfected
against Colletotrichum sp. Two or three seeds at
a time are put into furrows spaced 60 to 80 cm
apart. Weeding is done in the branching phase,
together with control of the seed weevil (Apion
sp.) and Epicauta sp. Harvesting takes place
when the central stem (high plateau of Peru and
Bolivia), or primary and secondary branches (in-
ter-Andean valleys) are mature. The usual meth-
od of harvesting is reaping, laying, threshing,
winnowing and storage — laborious and labour-
intensive activities. Stationary soybean and kid-
ney bean threshers have been used with good
results, and prototype stationary threshers with a
0.5to I h.p. motorhave even been designed. How-
ever, the efficiency of the latter equipment is still
not adequate (processing 500 to 600 kg per day).
Yields reach 3 500 and 5 000 kg per hectare.
Cultivation is being developed with greater
interest in Peru, Bolivia and Ecuador (the agro-
nomic situation of Andean lupin utilization in
Ecuador has been described). The alkaloid-free
variety, Inti, bred in Chile by von Baer, is cur-

rently available.

Prospects for improvement

Cultivation of the Andean lupin, like other crops
of Andean origin, is limited by the lack of contin-
ued support for research and promotion. The

main limitation is the alkaloid content of the seed
and plant itself. Alkaloids give them a sharp,
bitter taste and have to be removed by way of
various laborious processes. The traditional and
best-known method is cooking, followed by rins-
ing for several days. The harvest residues cannot
be used as fodder until alkaloid-free varieties are
available. Although, at present, there are eco-
types with a low alkaloid content and one variety
which is free of them, these still show adaptation
difficulties, low resistance to pests and diseases,
along vegetative period and little growth vigour.
Its nutritional value and forms of use are not
widely known, which is why its consumption is
not more widespread among the population.
Moreover, market supplies of Andean lupins
which have had their bitter flavour removed are
temporary and limited to producer areas.

Processing methods are still unsophisticated
and not very efficient. With advanced agro-
industrial techniques, the crop could be extended
and promoted and its prices improved. It has
production potential and prospects for use as an
oilseed plant, source of protein, nitrogen-fixer
and producer of alkaloids, with applications in
animal and plant health.

Cultivation could be extended to marginal
areas: to do this, more genetic research is needed
on resistance to drought, frosts, hail and soil
acidity. Through selection and crossing, there is
potential for the development of varieties that are
free of alkaloids and have desirable agronomic
and productive characteristics.

Potential areas for introduction and
cultivation

Cultivation could be increased in the Andes of
Ecuador, Peru and Bolivia, both in traditional
areas where it was abandoned or displaced and in
new areas, by introducing varieties with a low
alkaloid content or free of alkaloids. As an

oilseed plant, it could contribute to alleviating the
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oils and fats deficit in the Andean countries. Its
use has even been considered as fodder in the
cold areas of Europe. Early varieties (150-day
growing period) can be sown in rotation with
cereals in the mountain ranges or with other
industrial crops on the coast of Peru.

In Colombia, the experience of its introduction
into Boyacé, Cundinamarca, Narifio and Antio-
quia has been favourable, as it has also in Trujil-
lo, Mérida and Lara in Venezuela. In northern
Argentina, Uruguay and Paraguay, it could be
introduced into high cold areas. This needs fur-
ther research, particularly in Uruguay and Para-
guay. In Argentina, there are gene banks with a
limited amount of material, and research has
been carried out at the Universities of Cérdoba
and Buenos Aires and at INTA.

In Chile, the species L. luteus, L. albus and
L. angustifolius are grown; these are used for
making flour for bread, in the oil industry and as
a supplementary food for schoolchildren and
hospitals. Production areas are concentrated in
Concepcién, Valdivia and Gorbea. The early and
sweet varieties could be grown in the country’s
high areas.

In Central America, its introduction could re-
sult in an encouraging spread of the crop because
of the suitable agro-ecological conditions. In
Mexico, good results have been obtained exper-
imentally, reaching the point where the tertiary
branches are harvested. Its cultivation could
spread to Oaxaca and Guerrero and part of other
states such as México (Toluca), Tlaxcala and
Puebla, as well as to Honduras, Guatemala and
Nicaragua. The possibilities are more limited in
the United States and Canada because of the
technological progress of other crops such as
soybean and sunflower.

Lines of research
Lines of research and technological development
to promote the crop are as follows:

o Germplasm: completing the collection,
evaluation, documentation and exchange of
genetic material.

o Genetic and agronomic improvement: ob-
taining alkaloid-free varieties, incorporating
earliness, resistance to Colletotrichum gloe-
osporioides, resistance to drought, frost and
soil acidity; breeding high-yielding varie-
ties, uniformity in ripening of the main stem
and side branches, as well as architecture
with basal branching; studies on integrated
pest and disease control; formation of genet-
ic nuclei; and obtaining basic and certified
seed from the main varieties.

o Postharvest and industrialization: carrying
out studies on grading, cleaning and adapta-
tion to agro-industry; introducing tech-
niques to remove alkaloids, while avoiding
any loss of nutritional value; research on
obtaining processed products for human
use; promoting consumption, methods of
preparation and biological value.

» Marketing and consumption: studying mar-
keting channels and costs and the potential
of domestic and foreign markets; providing
information on prices and quality parame-
ters; suggesting ways of stimulating demand
and establishing social programmes for
mass consumption.

LOVE-LIES-BLEEDING

(Amaranthus caudatus)
Botanical name: Amaranthus caudatus L.
Family: Amaranthaceae
Common names. English: love-lies-
bleeding, Inca wheat, cat-tail, tumbleweed;
indigenous languages: kiwicha (Peru),
achita (Peru [Ayacucho, Apurimac]), achis
(Peru [Ancash]), coyo (Peru [Cajamarca]),

coimi, millmi (Bolivia), sangoracha, ataqo
(Ecuador)
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Love-lies-bleeding is a grain originating in South
America, where it was also domesticated. The
chronicler, Cobo, wrote in 1653 that, in the city
of Guamanga (Ayacucho), delicious sweets were
prepared from bledos (Amaranthus caudatus)
and sugar. A similar species, the huautli
(A. hypochondriacus), was extensively grown in
Mesoamerica and is frequently mentioned by
writers in connection with Aztec customs and
ceremonies.

Since the colonial era, the cultivated area of
love-lies-bleeding has decreased considerably.
However, it is still grown in Ecuador, Peru, Bo-
livia and Argentina because of the persistence of
Andean farmers, and continues to be important
because of its excellent nutritional quality. It is
efficient at fixing carbon dioxide, does not have
photorespiration and requires less water to pro-
duce the same amount of biomass as cereals.

The grain’s nutritional value is high and can be
as much as to 12 to 16 percent protein, while the
balance of amino acids is very good, with a fair
proportion of these containing sulphur: lysine,
methionine and cysteine. It does not contain sa-
ponins or alkaloids and the leaves are edible. In
the human diet it is preferably eaten split or after
the split grain has been ground, giving a very
agreeable flour.

The grain is also cooked whole. Over 50 ways
of preparation are known: the leaves are eaten in
salads and the grains are also used to make soups,
custards, stews, desserts, drinks, bread and
cakes.

Agro-industry makes flour which is used up to
20 percent as a wheat substitute in breadmaking.
It is also used to make an instant chocolate pow-
der, syrups and sweets. A study has been made of
the use of vegetable colouring matters, which are
found up to 23 percent in the ear and are highly
water-soluble and unstable in light.

Harvest residues are used for livestock feeding
because of the protein content and suitable di-

gestibility. The ground grain is used to control
amoebic dysentery.

Botanical description

A. caudatus is an annual plant of 0.4 to 3 m. It has
a taproot and numerous, very ramified side roots.
The leaves are petiolate, oval, opposite or alter-
nate and green or purple. The paniculate, mono-
ecious inflorescence ranges from erect to
decumbent, with attractive colours - green, yel-
low, orange, pink, red, purple and brown. The
flowers are small, unisexual, staminate or pistil-
late; the males have three to five stamens and the
females have a monospermous superior ovary.
The fruit is in a pyxidium; the seeds are small
(from I to 1.5 mm in diameter), generally white,
smooth, shining, slightly flattened, although
sometimes yellowish, golden, pink, red and black;
and there are 1 000 to 3 000 seeds per gram.

The percentage of allogamy ranges between
10 and 50 percent, even within individuals of the
same population. Crossing depends on the wind,
the number of pollinating insects, pollen produc-
tion, etc. Generally, the seeds do not exhibit
dormancy and, as they contain moisture, they
may even germinate on the plant. Dehiscence
occurs at intervals and is a common characteris-
tic among the wild species. Seeds are dispersed
over great distances from the parent plant.

Ecology and phytogeography

A. caudatus extends from Ecuador to northern
Argentina, growing in temperate areas and inter-
Andean valleys from sea level to 3 000 m. Its

main requirements are:

Photoperiod. Tt prefers short days, although it
shows great adaptability to different environ-
ments and can flower with 12- to 16-hour days.

Precipitation. Water requirements range from
400 to 800 mm. However, acceptable production
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levels are obtained with 250 mm. Although it
requires reasonable precipitation for germination
and flowering, it can tolerate periods of drought
after the plant has become established. Crops
have been observed in areas with 1 000 mm of

annual precipitation.

Temperature. 1t is sensitive to cold and can
tolerate only 4°C in the branching state, with 35
to 40°C as the maximum temperature.

Soils. It prefers easily worked, sandy soils with a
high nutrient content and good drainage, al-
though it can adapt to a broad range. The ideal pH
1s 6 to 7, although crops have been found in acid
soils and at a pH of 8.5. It shows tolerance to
aluminium toxicity. In the wild form, and tolerat-
ed within crops, there are many wild species of
Amaranthus as well as species tolerated among
cultivated crops. In the Andes, the most impor-
tant are: A. hybridus, A. spinosus, A. dubius, A.
palmeri, A. viridis, A. blitum and A. tricolor,
which are found growing with maize and other
crops. They generally have dark seeds and, under
suitable conditions of fertility, can develop great
vigour and size, to the point of being confused
with the cultivated plant. The leaves are used for
human consumption.

Genetic diversity
A. caudatus has a wide genetic variety and diver-
sity of plant forms, ranging from erect to com-
pletely decumbent. It shows great variation in
seed colour; earliness; protein content; types of
car; adaptation to soils, climates, precipitation
and temperatures; disease resistance; and colour-
ing content. The greatest genetic variation is
noted in the Andes (Ecuador, Peru, Bolivia and
Argentina).

The Kiwicha [love-lies-bleeding] Research
Programme, carried out by the University of
Cuzco, Peru, has selected among others the vari-

eties Noel Vietmayer and Oscar Blanco, while
INIAA in Cajamarca has selected the varieties
Roja de Cajabamba and San Luis.

Over 600 accessions are stored in the gene
banks. In Peru, they are found at the experimental
stations of K’ayra (Cuzco), Candan (Ayacucho),
Bailos del Inca (Cajamarca), Santa Ana (Huan-
cayo) and Tingua (Huaraz); in Ecuador, at the
Santa Catalina Experimental Station; in Bolivia,
at the Pairumani Experimental Station; and in
Argentina, at the University of Cérdoba.

There are many areas of genetic diversity
which need to be scoured for collecting, mainly
the tropical and subtropical valleys of the eastern
range of the Andes of Peru, Bolivia and Ecuador
as well as the western valleys of the Andes and
semi-arid areas of Peru and Bolivia (Ayacucho
and Cochabamba, respectively).

Cultivation practices

A. caudatus cultivation is maintained in the tradi-
tional way in the Andes of Peru, Bolivia, Ecuador
and Argentina. Different forms and systems of
cultivation are observed, including: direct sow-
ing; transplanting, with irrigation or on dry land;
growing together with maize; interplanted, to
separale fields from other crops; as a border;
sowing as a horticultural plant close to houses
and plots on small farmsteads; and extensive
cultivation.

It 1s traditionally sown under dry conditions,
on pre-prepared ground, often together with
maize and, in the case of single sowing, in fur-
rows spaced 80 cm apart and fed with a constant
stream of water. When the plant reaches 20 to 25
cm, the first weeding is done, and also thinning if
the seedlings are clustered together or need to be
moved to spaces with a greater availability of
water. The plants are also sown in seed beds for
subsequent transplanting to irrigated land. Har-
vesting takes place before the plant is fully ma-
ture so as to forestall seed fall. It consists of
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cutting the plants 20 cm from the soil with sickles
and forming small sheaves which are left to dry
above the furrows. To remove the seeds, they are
beaten with sticks on sheets spread over the
ground or on well-trodden earth and then sifted
or winnowed to separate the grain from the chaff.
Using this technique, farmers can obtain from
500 to 1 500 kg per hectare.

Crop improvement consists of adequate prepa-
ration of the soil, direct sowing, with a density of
4 to 6 kg of selected seed per hectare, in furrows
set 80 cm apart, and the application of fertilizers
according to the quantity of nutrients available in
the soil (50-60-20 or 80-80-20 in Peru). Cultiva-
tion work consists of one or two weedings, light
earthing up to prevent collapse from the weight
of the inflorescences and control of the main
pests and diseases.

Without waiting for the plant to mature com-
pletely, harvesting is done when its lower leaves
show signs of yellowing and there is some basal
dehiscence and dry seeds. The plantis cutand left
to dry in piles before being beaten with curved
sticks (in which case it takes 20 to 25 days’ work
per hectare), or using stationary wheat threshers
in which the size of the sieves, air blast and motor
revolutions have been modified. Yields obtained
vary between 2 000 and 5000 kg per hectare
in Peru and 900 and 4 000 kg per hectare in
Ecuador.

Prospects for improvement

An increase in production indices, followed by
support for industrial processing in rural areas
which would increase producers’ incomes,
would stimulate local consumption and, if there
was a surplus, exports. The standards achieved in
research, evaluation and characterization of the
germplasm available, together with the advances
in its genetic, agronomic, biochemical and indus-
trial improvement, constitute a sound basis, S0

that technological progress is cncouraging as far

as the utilization of this plant’s productive poten-
tial 1s concerned. The plant needs to be spread
more widely among both producers and consum-
ers: its nutritional value and the uses and ways in
which itis consumed are not very well publicized
in Andean countries. The advantages of love-
lies-bleeding are the low cost of the unprocessed
grain, the absence of any special treatments being
required and the fact that it is willingly accepted
by consumers.

Lines of research
The main aspects of research which need to be
completed are:

o Germplasm and improvement: completing
the collection of germplasm in certain areas
of the Andean region, as well as evaluation,
characterization and documentation; breed-
ing varieties with less dehiscence, greater
uniformity of ripening, resistance (o
drought, frosts and soil alkalinity, tolerance
of the main pests and diseases and greater
colouring content; promoting the establish-
ment of basic and certified seed beds of the
main varieties.

o Postharvest and industrialization: develop-
ing prototypes of machines which enable
harvesting to be done effectively, as well as
cleaning and selection; developing industri-
al processing technologies to obtain new
products, particularly to boost the supply of
foods for mothers and infants.

A publicity campaign also needs to be
launched in urban areas. As far as marketing 18
concerned, studies must be carried out on outlets
and costs, on the potential of domestic and for-
eign markets and on quality standards.
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OCA

(Oxalis tuberosa)
Botanical name: Oxalis tuberosa Molina
Family: Oxalidaceae
Common names. English: oca, oxalis;
Quechua: oqa, ok’a; Aymara: apilla;
Spanish: oca (Peru, Ecuador), oca, ibia
(Colombia),

(Venezuela), papa roja, papa colorada,

ruba, timbo, quiba

papa extranjera (Mexico)

Oxalis tuberosa is a crop native to the Andes.
Together with the potato, the domestication of
this and other Andean tubers in the central region
of Peru (lat. 10°S) and northern Bolivia (lat.
20°S), where the greatest diversity both of culti-
vated and wild forms is found, is thought to have
given rise to agricultural activity in the higher
agro-ecological areas of the Andes. The migra-
tions of pre-Columbian communities extended
its cultivation to lat. 8°N in Venezuela and lat.
25°S in northern Argentina and Chile. Its cultiva-
tion was introduced into Mexico about 200 or
300 years ago and, nowadays, it is grown rela-
tively extensively in the region of the Transverse
Neovolcanic Axis. Oca was introduced into Eu-
rope in the last century and, even though it was
produced as a new vegetable, it did not become
established as a permanent crop. It is known to
have existed in New Zealand since 1860 and its
cultivation seems to have gained popularity in
the last 20 years.

The oca is sown together with the ullucu,

The authors of this chapter are C. Arbizu and M. Tapia
(CIP, Lima, Peru).
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mashwa and native potatoes on plots from 30 to
approximately 1 000 m?*. It is therefore difficult
to tell what its cultivated area and production is.
However, it is estimated that 20 000 ha are sown
annually in Peru, with an average production of
3 to 12 tonnes per hectare, although some exper-
imental selections and treatments have produced

as much as 97 tonnes per hectare.

Uses and nutritional value

Oca is first sun-dried to make it sweeter and then
parboiled, roasted or prepared as pachamanca
(meat roasted in a hole in the ground).

The dried, frozen tuber is called khaya. If it is
washed after freezing, a whiter product called
okhaya is obtained which is considered to be of
superior quality. The flour of the latter is used to
make porridges and desserts. Oca is first and
foremost a good source of energy; its protein and
fat content is low.

Botanical description

O. tuberosa is an annual, herbaceous plant that is
erect in the first stages of its development, and
decumbent or prostrate towards maturity. The
tubers are claviform-ellipsoid and cylindrical,
with buds on the whole surface, and variegated in
colour: white, yellow, red and purple.

The leaves are trifoliate, with petioles of vary-
ing length (2 to 9 cm). The inflorescences consist
of four or five flowers. The calyx is formed by
five pointed, green sepals. The corolla has five
purple-striped, yellow petals; ten stamens in two
groups of five; and a pistil that is shorter or longer
than the stamens. Propagation is almost exclu-
sively by the tubers. The flower structure has
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an efficient mechanism which facilitates cross-
pollination.

Ecology and phytogeography
Oca is grown from 3 000 to 4 000 m, from Co-
lombia to Chile. However, the greatest concen-
tration is found between 3 500 and 3 800 m, in
the suni agro-ecological zone (mountain slopes).
Wild species of the genus Oxalis are found on
the low ridges of the Peruvian coast, or growing
sympatrically with cultivated oca in the Andes
and on the edges of forests.

Genetic diversity

The basic number of chromosomes has been
established as x = 11. There are reports of ocas
that are close to pentaploid (2n = 2x = 58) and
hexaploid (2n = 2x = 66) and also of hexaploid
cultivated ocas. The frequency of diploids, trip-
loids, tetraploids, pentaploids and hexaploids as
well as those that are not exactly euploid should
be clarified. The role of the 2n gametes in the
formation of the polyploid complex and the na-
ture of the F, and F, material needs to be studied.

The pattern of variability in the oca seems to be
fairly complex. In fact, cultivated forms have
hitherto been grouped together into a single spe-
cies which includes several shapes and colours of
tuber.

The self-incompatibility system present in the
oca and consequent cross-pollination, together
with the aesthetic selection made by Andean
farmers, must have had an influence on the exist-
ence of the wide variety of tuber colours and
shapes, as well as the number and depth of “eyes”
or “buds”.

The wide variability found in the colour of the
tubers suggests a continual variation, since col-
ours range from white to black, with various hues
of yellow, pink and red in between. Flesh colour
also seems to undergo continual variation, al-
though less than skin colour does. Ocas have

been seen with ivory-yellow and violet-purple
flesh in several hues. There are a great many
shapes in the vascular ring pigmented with the
same colouring as the skin, followed in colour
intensity by the medulla.

Oca collections in South America

Over the past ten years, expeditions have been
made to Peru, Ecuador and Bolivia to collect
cultivated oca. Field collections in Peru are being
maintained and evaluated at the Universities of
Cuzco, Huancayo, Ayacucho, Cajamarca and
Puno, and at INIAA, where there are over 1 000
accessions with sufficient duplications. Most of
this material is kept in vitro at the Biotechnolog-
ical Laboratory of the Universidad Nacional
Mayor San Marcos in Lima. The collection of
Ecuadorian oca is kept as a field collection at the
Santa Catalina station in Quito.

Cultivation practices

The three Andean tubers (oca, mashwa and ul-
lucu) are grown in the same agro-ecological zone
and their soil requirements and cultivation prac-
tices are very similar to those of the potato; for
this reason they are dealt with together.

In the northern area of the Peruvian sierra, the
traditional form of cultivation is on melgas: after
cultivation of the potato, the land is divided into
three to five plots, each of which is sown with one
of the Andean tubers.

On the high plateau of Puno and in the agro-
ecological zone of the semi-humid puna, a mix-
ture of tubers is sown. By contrast, in the quechua
agro-ecological zone, the oca and ullucu are
planted together with maize. These crops show a
high response to agricultural work such as fertili-
zation, earthing up, hoeing and, above all, the
control of pests and diseases; their production
increases to levels of 40 to 50 tonnes per hectare,
which are comparable to the highest potato
yields.
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FIGURE 15
Andean tubers: A) oca (Oxalis tuberosa); A1) tuber; B) mashwa (Tropaeolum fuberosumy); B1) tuber
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Prospects for improvement

The prospects for this crop lie in the possibility of
increasing its yield and in its use as an alternative
source of flour to wheat.

The following aspects should be taken into
account:

¢ The oca has to compete for ground (cultiva-
tion areas) with potatoes; as a result, its
expansion could be limited; research carried
out in southern Peru seems to confirm
this.

» Attacks by pests, such as weevils, may cause
the loss of an entire crop; studies on the
integrated control of these pests, through
cultivation practices, biological control us-
ing the fungus Beauveriabrogniartii, post-
harvest management and the use of resistant
varieties would need to be carried out; bitter
ocas show a degree of resistance to the vari-
ous weevils.

° Presence of viral diseases: Although just
one virus has been identified in the oca, it
seems that others exist which damage the
crop; the purity of commercial varieties and
genetic materials must be established as
standard practice, as virus-free varieties
would give higher yields.

» The extensive growing period of seven to
eight months exposes the crop for a longer
time to attack from biotic and abiotic factors,
and oca cultivation is consequently being
gradually replaced by early varieties of pota-
to (with a growing period of four to five
months); the short duration of the tuber also
affects its propagation.

The high yields in dry matter obtained from
this crop and the possibilities of attaining up to 6
or 7 tonnes of flour per hectare are factors that
ought to be dealt with in an agro-industrial re-
search programme.

MASHWA

(Tropaeolum tuberosum)
Botanical name: Tropaeolum tuberosum
Ruiz & Pavoén
Family: Tropeolaceae
Common names. English: mashwa;
Spanish: mashwa, mashua (Peru, Ecuador),
isafio, afiu (Peru, Bolivia), maswallo,
mazuko, mascho (Peru) and cubio

(Colombia)

Tropaeolum tuberosum apparently originates
from the central Andes (lat. 10° to 20°S). Its
cultivation is thought to have been spread by pre-
Columbian migrations to Colombia (lat. 8°N)
and northern Argentina and Chile (lat. 25°S). In
spite of its hardiness, there are no references to its
introduction into other countries, possibly be-
cause the tuber’s flavour is not very pleasant
when eaten for the first time.

Grown together with ullucu, oca and native
potatoes on plots from approximately 30 to 1 000
m?, it is difficult to ascertain its cultivated area
and production. However, it is estimated that
around 6 000 ha are sown annually in Peru, with
an average yield of 4 to 12 tonnes per hectare.
Under experimental conditions, up to 70 tonnes
per hectare have been obtained.

From an agronomic point of view, mashwa is
very hardy because it grows on poor soil, without
the use of fertilizers and pesticides. Even under
these conditions, its yield can be double that of
the potato. Its cultivation together with ullucu,
oca and native potatoes could be accounted for
by the nematicide and insecticide control proper-
ties that the plant has.

Since the time of the Incas, who included them
in their soldiers’ rations, the tubers have had
anaphrodisiac properties attributed to them. To-
day, it is known that testosterone levels are sig-
nificantly reduced in male rats that are fed
mashwa.
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Uses and nutritional value

Mashwa is important for meeting the food re-
quirements of resource-poor people in marginal
rural areas of the high Andes. It is prepared in the
form of a stew, as a roast or in the form of
thayacha. For the latter preparation, the tubers
are exposed overnight to frost and are eaten the
following day accompanied by sugar-cane
syrup.

Botanical description
T. tuberosum is an annual herbaceous plant of
erect growth when it is young and it has prostrate
stems with compact foliage when mature. This
enables it to compete advantageously with
weeds. At first sight, the tubers may be confused
with oca tubers, but they can be distinguished by
their conical shape, dark markings and a greater
concentration of buds on the distal part, as well as
by their sour taste.

The growing cycle of this species varies be-
tween 220 and 245 days. Unlike oca and ullucu,
mashwa produces a great quantity of viable

seeds.

Ecology and phytogeography

Mashwa is cultivated from Colombia to Bolivia,
from 3 000 to 4 000 m, with a greater concentra-
tion between 3 500 and 3 800 m. In spite of the
poor-quality soils, extreme temperatures, radia-
tion, variation in precipitation and the winds of
the Andes, the plant grows quickly, managing to
repel insects and nematodes, suppress weeds and
maximize photosynthesis. The proportion of dry
matter transferred to the tubers can be as high as
75 percent.

Genetic diversity

The genus Tropaeolum has a wide geographical
distribution and seems to be very variable. There
are an estimated 50 species in Mexico and Cen-
tral and South America. Wild species of mashwa

in Peru can be found on the low ridges of the
Peruvian coast, on the edges of forests or grow-
ing sympatrically with cultivated mashwa in the
Andes.

Ornamental Tropaeolum can be found in gar-
dens on the coast and in the Andes. Weed forms
of mashwa, called kita afiu, are sporadic in the
maize or tuber fields of the sierra. 7. edule,
T. polyphyllum and T. patagonicum have also
been described as producers of tubers in the
Andes of Chile and Argentina, but they apparent-
ly have no economic use.

As in the case of the oca, the crossability
groups are not known, in other words the situa-
tion of the mashwa’s gene stock is unknown.

Chromosome calculations have established
the basic number as x = 13. Cultivated forms are
clearly tetraploid (2n = 4x = 52). The frequency
of diploids, triploids and tetraploids is not known
and nor is the possible gene flow.

Cross-pollination and the tendency towards
self-fertilization, together with aesthetic selec-
tion, must have influenced the appearance of
various morphotypes. It can be said that the
diversity of the mashwa is less than that of the
oca, and slightly less than that of the ullucu.
However, variation has been found in tuber col-
our, shapes, bud characteristics and flesh colour.
The tuber’s skin colour varies from ivory to very
dark-purplish violet, with several hues of yellow,
orange and purplish violet in between. Pink or
purple speckles or stripes may occur on the skin
at the apex and under the buds. Tuberization in
the buds is more frequent in clones of shortened
conical tubers than elongated and ellipsoid coni-
cal tubers. The greatest variation in tuber colours
and shapes is found in the region between central
Peru and northern Bolivia.

Mashwa collections in South America
Cultivated mashwa, just like ullucu and oca, has
been collected extensively in Peru, Ecuador and
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Boliviaduring the last ten years. The field collec-
tions of Peru, stored and evaluated in the gene
banks of Ayacucho, Cajamarca, Huancayo, Cuz-
co and Puno, exceed 300 accessions. Many of the
accessions are kept in vitro in the biotechno-
logical laboratory of the Universidad Nacional
Mayor San Marcos in Lima. The field collection
of Ecuadorian mashwa is stored and evaluated
at the Santa Catalina experimental station in
Quito.

Cultivation practices
Mashwa cultivation practices are the same as
those described for the oca [see p. 150].

Prospects for improvement
Because of its flavour, the mashwa could have a
better chance of more extensive use in animal
feeding. In this connection, certain clones with a
protein content of up to 11 percent show good
prospects.
~ An investigation into the factors limiting
mashwa production, carried out by the CIP in the
Peruvian Department of Cuzco (1989), elicited
the following answers from the peasants: scarcity
of suitable land (28 percent); low crop yields (17
percent); and scarcity of seed (17 percent).

Therise in population and consequent pressure
on the land would seem to be a limiting factor not
only in Cuzco butalso in other parts of the Andes.
Low crop yields would not be a serious limiting
factor, since the mashwa responds well to good
soil management. Seed scarcity is a problem that
can be solved.

The main lines of research are as follows:

° the function of undesirable substances:

* the long cultivation period;

° tuber storage;

° the selection of varieties for the various

agro-ecological conditions;
° consumption patterns in rural and urban
populations.

BITTER POTATOES
(Solanum x juzepczukii), (Solanum x
curtilobum)
Botanical names: Solanum X juzepczukil,
Solanum > curtilobum
Family: Solanaceae
Common names. English: bitter potato;
Aymara: luki; Quechua: ruku; Spanish:

choquepito, ococuri

It seems that the domestication of bitter potatoes
began some 8 000 years ago and that, as cultivat-
ed domesticated species, they have been used
extensively for at least 3 000 years.

Acosta, one of the first Spanish chroniclers to
describe the agricultural resources of the Andes,
mentions that bitter potatoes that had been ex-
posed to the cold overnight and then pressed and
dried were transformed into what was known as
chuno and were used as bread is in Europe. A
century later, the priest Bernabé Cobo reported
that, on the high plateau, there were wild potatoes
and bitter potatoes which the Aymaras called
aphus and which could only be eaten when pro-
cessed as chuiio; this food constituted the main
staple in the high plateau region between Peru
and Bolivia.

In spite of their importance for the agro-eco-
logical zones of the puna, where frosts during the
growth period limit food production, these crops
were not studied during the time of the settle-
ment, nor at the start of the Republic. During the
1920s, the Russian expedition organized by
Vavilov and undertaken with his students
Juzepczuki and Bukasov made a detailed de-
scription of these species on the basis of collec-
tions gathered on the high plateau around Lake
Titicaca.

Several studies have been carried out on bitter
potatoes during the past 50 years, including their
origin, description and an evaluation of their
nutritional capacity.
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FIGURE 16
Andean tubers: A) bitter potatoes; A1) tubers; A2) flower; B) ullucu (Ullucus tuberosus); B1) tubers
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The area cultivated at present varies greatly
from one year to the next, depending on whether
an adequate amount of seed is available. Howev-
er, there are an estimated 15 000 ha in Peru and
around 10 000 ha on the high plateau of Bolivia,
on peasants’ plots ranging from 300 to 500 m?
and over more extensive areas on land under
sectoral rotation. There are further potential
areas for cultivation, the inclusion of which could
easily double the current production.

Uses and nutritional value

If bitter potatoes are to be eaten, they must first
undergo processing to remove the glycoalka-
loids. Traditional processes in the upper Andean
area, described in various works, consist of ex-
posing the tubers to several night frosts and dry-
ing them in strong sunlight at altitudes of
4 000 m to obtain black chusio. Larger bitter
potatoes are preferably used to prepare white
churio, also called runta (Aymara) or moraya
(Quechua). Freezing is followed by the peeling,
hydrating for up to 30 days and drying.

Black chuiio is produced up to the edge of the
forest where it keeps very well because of its
characteristics as a dehydrated product. White
chufio is preferably eaten on feast days. It fetches
a high price at town markets where it is an
ingredient of various regional dishes. Both white
chuiio and black chuiio are very rich in energy.

The potential of bitter potatoes lies precisely in
their ability to withstand low temperatures and
yield a surplus, thus constituting an important
food reserve. It has been calculated that, between
August and March, black chuiio can account for
70 percent of the food of rural populations of the
Peruvian and Bolivian high plateau.

Botanical description

Solanum X juzepczukii measures 30 to 50 ¢cm and
has a semi-rosette growth habit, long, straight
leaves, short petioles and a small, blue corolla.

S. X curtilobum is distinguished by its more
coriaceous leaves and its corolla, which is bigger
and purple with very short lobules and a pointed
end.

The tubers vary in size and shape, ranging
from rounded (Pifiaza) to elliptical, oblong or
elongated-oblong (Luki), and in colour. Clones
of Ococuri have purple and white tubers.

The growing cycle varies greatly between five
and eight months. The clone Pifiaza is one of the
earliest, taking 150 days; Ruki clones are the
latest, taking up to 195 days.

Ecology and phytogeography

Bitter potatoes are cultivated at altitudes between
3 000 and 4 300 m, in the agro-ecological zones
of the humid puna and suni, which are character-
ized by mean growth period temperatures of
between 6 and 14°C, with precipitations which
vary according to the region and year between
400 and 1 400 mm, are spread over five to six
months and which coincide with the summer
period in the Southern Hemisphere (October-
May).

Frosts may occur during the growth stage, with
the temperature dropping to -5°C in some years.
A greater incidence of low temperatures is ob-
served in the dry period and these affect produc-
tion heavily, with damage varying according to
the species. Recently, in an area of Peru with
frosts and temperatures of -5°C, the reduction in
the harvest was 5 percent in the case of S. x
Juzepczukii, 30 percent in the case of S. X curti-
lobum and 40 percent in the case of the common
potato.

The cultivation of bitter potatoes requires soils
which have sufficient organic matter (3 to 5
percent) and which have had a period of fallow or
adequate rotation. The best yields are obtained on
soils which have lain fallow for three to four
years and have had 2 to 3 tonnes of manure
applied.
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FIGURE 17
Diagram of chufio processing
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Bitter potatoes predominate on land where the
main production is livestock and where there 1s
natural pasture and thus little pressure on the
land. Because of this, land can be put under a
rotational system of crops with canihua (Chenop-
odium pallidicaule) or fodder plants such as bar-
ley or oats, including a prolonged period (up to
six years) of fallow during which the natural
vegetation covers the soil again. In areas which
have a very broken topography and where the
puna zone is very close to the suni or quechua
(valley) zones, rotation includes other crops suit-
ed to these conditions, with tubers such as oca
(Oxalis tuberosa) and ullucu (Ullucus tuberosus)
or mixtures of these species.

Genetic diversity

In the southern region of Peru and on the Bolivian
high plateau, there are a great number of varieties
which have been bred by the peasants over centu-
ries and which are suited to various ecological
conditions in the highest region of the Andes.

Bitter potatoes belong to two species: S. X juzepc-
zukii triploids and S. X curtilobum pentaploids.
Because of their ploidy, which is caused by a
high degree of sterility, it i1s difficult to use the
characteristics of bitter potatoes in improvement
programmes. The origin of bitter potatoes would
seem to be due to various crossings derived from
wild species such as S. acaule.

There is greater variability in the species S. X
juzepczukii, the main cultivated varieties being
Ruki, Luki, Pifiaza, Parina, Locka, Parko, Keta
and Kaisallu, with white or purple tubers.

In the species S. X curtilobum, we may distin-
guish those of the Choquepito group and the so-
called Ococuri, which are characterized by a
lower glycoalkaloid content than S. X juzepc-
zukil.

There is an extensive collection of bitter pota-
toes in Cuzco and Puno in southern Peru, while
a collection from the Bolivian high plateau is
maintained at the experimental station of

Patacamaya.
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FIGURE 18
The origin of bitter potaioes
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Cultivation practices

The soil 1s generally prepared with local imple-
ments, such as the chakitaklla or foot-plough,
with the entire peasant family taking part in the
operation, since it involves plots located in isolat-
ed places.

The sowing period of bitter potatoes is very
much conditioned by the presence of rain, since
the cap 1s grown under rain-fed conditions. The
period extends from September to November,
depending on whether the rains begin early or
late, the tradition being to stagger sowing on
two or three dates as a means of reducing the
climatic risk. The crop needs to be earthed up
once or twice when the plants reach a height of
20 to 30 cm. The start of tuberization coincides
with the start of flowering, approximately seven

to nine weeks after emergence, and lasts for
about four weeks, during which time the absence
of humidity and severe frosts is vitally important.
In this respect there is a differentiation between
early, intermediate and late ecotypes, which may
mature between four to six months, hence a wide
range is available for improvement programmes.

Fertilization is limited to sheep manure. How-
ever, there have been positive responses to the
addition of chemical fertilizers in intermediate
doses. The var. Piflaza responds better to fertili-
zation than the var. Ruki, but the latter has a
higher dry matter content.

The varieties of . x Juzepczukii are better
suited to shallow soils than S. X curtilobum,
which has deeper roots.

On account of their prostrate habit, bitter pota-
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toes are susceptible to nematodes (Naccobus ab-
errans), to the Andean weevil (Premnotrypes
spp.) and also to wart fungus (Synchytrium
endobioticum).

Prospects for improvement

The tolerance of bitter potatoes to low tempera-
tures is considered to be their main advantage
and there 1s considerable scope for making selec-
tions from current populations. The existence of
several varieties also enables cultivation to be
extended to the different soil conditions in the
highest area of the Andes. Bitter potato genes
have been used more for the improvement of so-
called sweet varieties than for their own im-
provement.

The main Iimitation is their glycoalkaloid con-
tent which gives them a bitter taste. In addition to
solanine and chaconine, this includes tomatine,
mysine and solamargine. However, since there is
wide variability in this characteristic, varieties
with a low content of this chemical substance can
be selected. Although the current process to re-
move the bitter taste is fairly suited to local
conditions and utilizes the climatic characteris-
tics of the puna effectively, with its severe night
frosts and intense daytime solar radiation, it is
very labour-intensive (working conditions are
very hard): it takes between 14 and 28 days to
produce white chuiio.

ULLUCU

(Ullucus tuberosus)
Botanical name: Ullucus tuberosus Loz.
Family: Basellaceae
Common names. English: ullucu, oca
quina; Quechua: ulluku, ullus; Aymara:
ulluma, illako; Spanish: michurui, michuri,
miguri, micuche, ruba, rubia, timbo, tiquifio
(Venezuela), chigua, chugua, rubas, hubas,
camarones de tierra (Colombia), melioco

(Ecuador), olluco, ulluco, lisa, papalisa
(Peru), lisa, papalisa (Bolivia) and olloco,
ulluca, ulluma (Argentina)

The ullucu is a plant native to the Andes. Ancient
in origin, it is likely that its cultivation extended
from the Andes of Venezuela (lat. 10°N) to
northwestern Argentina and northeastern Chile
(lat. 25°S) in pre-Hispanic times. However, the
exact region of its domestication is not known.
Ceremonial vessels of the Robles Moqo style of
the Wari culture (the centre of which was Ayacu-
cho between AD 400 and 700) are decorated with
multicoloured representations of Andean plants,
including the ullucu. It also appears on gero
ceremonial vessels of the post-Incan era. The
oldest vestige is the presence of starch among
4 000-year-old plant remains from Ancén and
Chilca on the Peruvian coast.

The ullucu’s wide distribution in the Andes
and 1ts age are also revealed in the profusion of

regional names.

Uses and nutritional value

Of the three Andean tubers, the ullucu is the most
popular and has become established on the tables
of both the rural and urban population in Ecua-
dor, Peru and Bolivia. Traditional preparations
include mellocos soup (Ecuador); olluquito con
charqui (ullucu with meat — Peru); chipe (potato,
meat, egg and cheese stew) and aji de papalisas
(ullucu pepper — Bolivia and Peru). It 1s also
suitable for use in contemporary dishes such as
salads. Some varieties contain a greater quantity
of mucilage and need to be preboiled before
preparation to remove it. The Andean tubers
perish easily, which explains why ancient An-
dean peoples attempted to store surpluses by
freezing and drying, processes used also for the
ullucu. The product obtained is called lingli
in Peru; its average protein content 1s 1.7 percent
in the edible tuber, while the carbohydrate and
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energy content is slightly less than that of most
tubers.

Botanical description

The ullucu is an erect, compact plant which
reaches a height of 20 to 50 cm. At the end of its
growth it is prostrate. Tuber shapes vary from
spherical to cylindrical and colours range from
white, yellow, light green, pink and orange to
purple. On very rare occasions, it forms fruit; the
seed then has the form of an inverted pyramid,
with very prominent angles and a corrugated
surface.

Ecology and phytogeography

The origin and development of the ullucu in the
cold climates of the Andes suggest that it is one
of the crops most suited to the complex agro-
ecology of areas between 3 000 and 4 000 m.
Although the precise role of hybridization, intro-
gression and mutation in the ullucu is not known,
these must have acted — along with natural and
human selection pressure — to favour the plant’s
distribution and adaptation to the various types of
Andean climate and soils.

Genetic diversity

The wild ullucu would seem to indicate a sym-
patric distribution with the cultivated ullucu,
since up to now it has been found from the Andes
of La Libertad in Peru (lat. 8°S) to northwestern
Argentina (lat. 25°S). This would appear to indi-
cate a smaller geographical range of habitats than
that of the cultivated ullucu. However, collectin g
expeditions have been orientated towards culti-
vated material, which is harvested in dry periods
when there is no opportunity to collect wild
material. It is probable that in the geographical
distribution area of the wild ullucu — which
seems to be wide — ullucus may be found with
interesting characteristics that will help to extend
our knowledge of its domestication.

Cultivated ullucus are diploid and triploid,
with a basic number of 12. The presence of
polyploids in the wild ullucu has also been dem-
onstrated. Nevertheless, the frequency of dip-
loids, triploids and probably tetraploids needs to
be determined. In the wild, triploids are generally
formed by hybridization between diploids and
tetraploids, or by the fusion of a normal gamete
and another that has not been reduced between
diploid parents. Triploids are generally sterile and
the only way of propagating them is vegetatively.
Their great vigour allows them to prosper and
occur in profusion over a wide distribution area.

The study of meiosis in the cultivated diploid
ullucu shows a regular meiotic pairing with the
formation of 12 bivalents. Meiosis of the trip-
loids is within expectations, i.e. defective and
with the presence of univalents and trivalents.
Meiotic pairing of artificial diploid hybrids
would need to be researched, provided the com-
binations are possible.

Ullucu collections in South America

Cultivated and wild ullucus did not arouse much
interestamong plantexplorers in the past. In spite
of the fact that the collections of Bukasov and
Juzepczuki in South America between 1925 and
1928 were followed by several expeditions to
gather cultivated and wild plants, ullucu does not
seem to have been collected, even within the
same South American countries. Three stages
could be distinguished in the collection of ullucu
and the formation of gene banks. The first oc-
curred in the 1920s with the work of Bukasov and
Juzepczuki; the second covers the work of Leén
through the establishment of the then greater
collection of ullucu germplasm at the IICA, with
material from Colombia, Ecuador, Peru and Bo-
livia. Later, collections of wild ullucus were
made in northeastern Argentina and Bolivia by
Brucher. The third stage began in the 1970s with
small local collections at the Universities of Cuz-
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co, Huancayo and Ayacucho, and likewise in the
1980s. Thanks to very positive help from the
IBPGR, FAO, CIID and IICA/OAS they were
continued more intensively with national pro-
grammes such as those of the IBTA in Bolivia,
INIAP in Ecuador and INIAA and the Universi-
ties of Puno, Cuzco and Ayacucho in Peru. Under
these programmes, gene banks are produced an-
nually. These banks suffer from the following
shortages which limit the knowledge and promo-
tion of the ullucu:

o Scant geographical representation: While
the Andes of Ecuador and Peru were ex-
plored, few or no collections were made in
the Andes of Colombia, Venezuela, the east-
ern area of Peru, southern Bolivia and north-
western Argentina.

« Duplication of accessions: In clonal propa-
gation crops such as the ullucu, there is a
high probability of repeatedly collecting one
and the same clone in different localities;
also, the exchange of germplasm between
national programmes without identifying
data has meant that one and the same clone
can be recorded under different numbers in
various banks.

o Incomplete documentation: No standard-
ized, internationally accepted descriptors
exist for the characterization of the ullucu;
there is a lack of specimens from herbaria —
such information would be very useful in the
event of living collections being lost.

o A lack of wild plant collections: There is an
almost total absence of wild material; such
material would help to understand the varia-
tion patterns of the cultivated forms and
could provide valuable characteristics for

improvement.

Culiivation practices
Ullucu cultivtion practices are the same as those
described for the oca [see p. 150].

Prospects for improvement

Although the ullucu is a hardy plant that is suited
to the difficult conditions of the Andes, viral
diseases seem to constitute one of its most seri-
ous problems. Viral infections in gene banks
affect up to 80 percent of samples. This is a
particularly serious problem, not only for gene
banks, but also for the crop’s management.

Viruses may form viral complexes of up to
four different particles in a single plant, causing
loss of vigour, deformation and leaf mottling.
Moreover, they are far more difficult to eliminate
than bacterial or fungal pathogens. Eradication in
commercial varieties and selected genetic mate-
rial is an urgent requirement, although the
number of viruses which affect the ullucu is not
known. Studies at the CIP have revealed at least
four viruses, but the number may be higher.

Another limiting factor is the prolonged culti-
vation period. While modern commercial varie-
ties of potato are harvested after four or five
months in the Andes, the ullucu takes seven or
eight months to mature. In other words, ullucu
plants are exposed longer to drought, frost, pests,
diseases and other adverse factors which are
frequent in the Andes. Productivity in terms of
time and space is consequently low. It seems to
be one of the causes of marginalization, so that
ullucu cultivation is gradually being replaced by
varieties of early high-yielding potatoes.

The biggest advantage of the ullucu is that it is
firmly established among rural and urban people
in areas where its supply is almost continuous
throughout the year.
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MACA

(Lepidium meyenii)
Botanical name: Lepidium meyenii Walp.
Family: Brassicaceae (Cruciferae)
Common name. English: maca, pepper
grass, pepper weed; Spanish: maca (Peru)

The maca is one of the Andean crops which
occupy a very restricted area. It is found only on
the central sierra of Peru in the departments of
Junin and Pasco, in the puna agro-ecological
zone above 4 000 m where low temperatures and
strong winds limit other crops.

Domestication of this plant appears to have
started at least 2 000 years ago, around the area of
San Blas in the department of Junin. During his
visit to the Junin area in 1549, the encomendero
Juan Tello de Soto Mayor reportedly received
maca “fruits” as a tribute and used them to im-
prove the fertility of the livestock of Castile. It
was also stated, during a visit to the area of
Huanuco in 1572, that the Chinchaycochas had
used the maca for bartering since the time of the
Incas, as there was no other crop on their lands.

The maca is grown on small plots with a few
rows and up to about 500 m? in size, on peasant
land in communities around Lake Junin (Yana-
cancha, Ingahuasi, Cerro de Pasco, Ninacaca and
Vicco). It is a biennial herbaceous plant, whose
subterranean part (hypocotyl) is edible and high-
ly valued for its nutritional value, especially pro-
teins and minerals. The rural community is
firmly convinced that eating maca enables cou-
ples who think they are infertile to have children.

The author of this chapter is J. Rea (La Paz, Bolivia).

Andean roots

Uses and nutritional value

When the fresh hypocotyls have been harvested,
the peasant usually roasts them in the field in the
form of huatias (cooked between clods of red-hot
peat) on pachamancas (cooked in contact with
hot stones taken from a wood fire and covered
with earth). However, most of the harvest is left
to dry and can then be kept for several years.

For eating purposes, the dried hypocotyls are
hydrated overnight and parboiled in water until
they are soft. They can be liquefied to prepare
juices, cocktails, porridges and jams. Nowadays
the dry matter is being processed to prepare
products in tabloid form which are in demand
because of their nutritional value and because of
the supposition that they stimulate sexual appe-
tite and increase fertility.

The high calcium content (258 mg) and iron
content (15.4 mg) per 100 g are the main ad-
vantages of this Andean crop. It has a 14 percent
protein and 78 percent carbohydrate content and
is also rich in starch, glucosides, alkaloids and
tannins. The protein content may vary between
10 and 14 percent depending on the fertility
conditions of the soil and the variety.

Rats fed on maca produced some 25 percent
more offspring than control rats, probably be-
cause development of the Graafian follicles is
stimulated.

Botanical description

Lepidium meyenii is a herbaceous, perennial
plant, growing 12 to 20 cm. Its has succulent
roots and short and decumbent stems. Its leaves
are rosulate, pinnatipartite and are continuously
renewed from the centre of the rosette. The
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racemes are pauciflorous. The fruit is in siliculae,
measures 4 to 5 mm and is dehiscent with two
carinated valves, each containing a seed. The
seeds are ovoid, 2 to 2.5 mm and reddish grey.
The hypocotyls, which are the edible part of
the plant, vary between 2 and 5 cm in size and
may be white or yellow, reddish and white, white
and yellow, white and purple, light-lead grey,
purple and lead grey or yellow, red and grey.

Ecology and phytogeography

Cultivation of the maca is limited to the puna
agro-ecological zone of the central region of the
Peruvian Andes, at altitudes between 4 000 and
4 400 m. The puna is characterized by periods of
temperatures below 0°C, called frosts, even at the
height of the crops’ growing period. However,
the maca tolerates these temperatures fairly well,
just as the bitter potato does. When the maca was
sown in other latitudes, such as in Berlin, Germa-
ny, (lat. 52°N) in 1990, it did not manage to form
hypocotyls. This result appears to support the
idea that the maca is a short-day plant.

Genetic diversity

The species L. meyenii was described by Gerhard
Walpers in 1843. It has been suggested that the
cultivated maca is not L. meyenii but a new spe-
cies, L. peruvianum Chacén, based on various
specimens collected since 1960 in the district of
San Juan de Ia Jarpa, in Huancayo province. This
assertion 1s based on comparative studies of the
botanical characteristics, and in particular on the
histochemical observations of the hypocotyl,
which is the main distinguishing feature of this
new species.

In the cultivation area, at least eight types of
maca are differentiated according to the colour-
g of the plant and the hypocotyl. Although
there is no gene bank for this species, the Agri-
cultural University of La Molina and the Univer-

sity of Pasco have collected genetic material.

Cultivation practices

The maca i1s sown at the beginning of the rainy
period (September-November) as the sole crop
or combined with strips of bitter potato. Accord-
ing to the peasants in the area, this combination
protects the potato from insect attack, since the
maca contains repellent volatile substances.

It can be sown on freshly ploughed pasture
land that has lain fallow (purun), or on ground
under an annual rotation with another crop (kall-
par) such as the bitter potato. Generally speak-
ing, soil preparation is deficient and broadcast
sowing is carried out without any fertilization or,
at best, only a manure dressing. The seeds are
buried using branches or are left to be trod on by
sheep. Tillage is not usually carried out, except to
make sure that the small plants are not trampled
by animals. The maca is believed to deplete the
soil; this probably occurs when the nutrients
removed are not sufficiently replenished.

Harvesting begins in May or June. The fresh
hypocotyls are exposed to the sun’s rays for
about four to six days until they are dry. They are
then stored in a cool, dark place until they are
eaten.

The yield is very variable: in fields where little
care has been devoted to managing the crop,
about 2 to 3 tonnes per hectare are obtained
while, with appropriate row cultivation practic-
es, fertilization and the prevention of pest at-
tacks, it is possible to produce up to 15 to 16
tonnes per hectare.

Plants which produce the hypocotyl in the first
year do not produce seed. The following prac-
tices are carried out to obtain seed: after selecting
the biggest, soundly formed and suitably ripened
hypocotyls, between 30 and 50 are placed in a
hole which is 50 to 60 cm deep and of the same
radius and which is covered with damp earth. The
plantiets take 25 to 30 days to grow. To transfer
them, a seed bed is prepared with soft earth and
fertilized with farmyard manure. Care must be
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FIGURE 19
Andean roots: A) maca (Lepidium meyenii); A1) racemose inflorescence; A2) fruit in a silicula; A3, dried root;
B) arracacha (Arracacia xanthorrhiza); B1) leaves; B2) umbel inflorescence; B3) fruit; B4) cross-section of the fruit
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taken to ensure that there is adequate humidity
for the vigorous development of the plants,
which will produce seeds within six to seven
months after transplanting.

Prospects for improvement

This crop offers excellent possibilities for im-
provement, in particular because there is a poten-
tial market for the hypocotyls as a stimulant
(similar to ginseng).

With simple mass selection techniques, varie-
ties can be bred which give a better yield and are
more uniform, thus facilitating their processing.
Current local ecotypes have to be conserved so as
not to lose existing genetic variability.

Cultivation practices can also be improved: a
system of cultivation combined with the bitter
potato is suggested, this being another species
suited to the ecological conditions of the puna.

The main limitation, which is being overcome,
has been the scant attention that producers (basi-
cally livestock farmers from the puna area) have
paid to this species. In order to encourage its
cultivation, a yearly maca fair has been held since
the Association of Maca Producers was estab-
lished in the department of Pasco some years ago.

ARRACACHA

(Arracacia xanthorrhiza)
Botanical name: Arracacia xanthorrhiza
Bancroft
Family: Apiaceae (Umbelliferae)
Common names. English: arracacha, white
carrot, Peruvian parsnip; Aymara: lakachu,
lekachu; Quechua: oqqe, huiasampilla,
lagachu, raqacha, virraca, rikacha; Spanish:
arracacha, racacha, zanahoria blanca, apio
criollo, sonarca; Portuguese: batata baroa,
mandioquinha, batata salsa, batata cenoura;

French: arracacha, panéme, pomme de
terre-céleri

This is possibly one of the oldest cultivated An-
dean plants, its domestication having preceded
that of the potato. There are no vestiges whereby
its area of origin can be identified, although it
could have been the northern part of South Amer-
ica, in view of the presence there of related wild
species. Outside the Andes, it is grown in the
Antilles, Central America, Africa, Sri Lanka and
in large commercial areas in southern Brazil,
where it is industrialized.

The basic causes of its marginalization should
be sought in the socio-economic context of its
growers. The current secondary causes are to be
found in a few limiting factors of an agronomic
nature. We may mention its photoperiod require-
ments, susceptibility to extreme temperatures,
long growth cycle, susceptibility to pests and
diseases and the difficulty of storing its roots.
These are factors which can be modified if agro-

nomic improvement work is carried out.

Uses and nutritional value

In the Andean region, potatoes are scarce in town
markets during years of drought or frosts in the
high areas. They are replaced by the arracacha,
cassava, sweet potato, tannia (Xanthosoma sagit-
tifolium), cocoyam or dasheen (Colocasia escu-
lenta) and yam beans (Pachyrhizus spp.).

The roots are harvested as from the fourth
month, depending on the cultivar and region.
They are eaten boiled or as an ingredient in soups
and stews, and also as a purée, roasted and fried
in slices. The leaves are prepared in the same way
as celery in raw or cooked salads, hence the name
“Creole celery” which is given to it in Venezuela.
After two to three months of storage, the sugar
content in the roots increases through partial
conversion of the starches.

The stump or crown of the roots — containing
approximately 9 percent protein — is used to feed
dairy livestock. The plant’s stem and leaves are
likewise used as animal fodder while the dried
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leaves can be used to prepare meal, which is also
used as animal feed.

The arracacha’s pleasant flavour and easy di-
gestibility, which are universally acknowledged,
result from the complex of starches, oils and
mineral salts. The starch content ranges between
10 and 25 percent. The seeds are fine and similar
to those of cassava. The arracacha is a good
source of minerals and vitamins.

Botanical description

The plant consists of a short, cylindrical stem
which grows to a height of 10 cm and a diameter
of 10 cm, with numerous buds on the upper part.
Each of these has leaves with long petioles, di-
vided into three to seven very jagged folioles.
The leaves are green or bronze-coloured depend-
ing on the variety. Two kinds of roots emerge
from the stem: long and fine ones or tuberous and
fusiform ones. The latter are the usable part.
They are 5 to 25 cm long and up to 8 ¢cm in
diameter. The root is harvested before the end of
the growing cycle; if it is left, floriferous buds
sprout from the stem. The inflorescences are
composite umbels, bearing many small, deep-
purple flowers, a calyx and a corolla of five
minute parts. The fruit is bicarpellar with an
inferior ovary.

Ecology and phytogeography

Arracacia xanthorrhiza’s minimum humidity
requirement is 600 mm and the optimum 1 000 to
1 200 mm. It grows at an altitude of between
1 500 and 3 000 m, depending on the latitude,
and its optimum temperature is 14 to 21°C. Low-
er temperatures delay ripening of the roots and
affect foliage growth. Higher temperatures, as in
Maracay in Venezuela and Santa Marta in Co-
lombia, and probably in the Amazon region,
seem to reduce root size. A. xanthorrhiza grows
in deep soils which have good organic matter,

are fertile, well-drained and sandy, with a pH of

5to 6. It does very well in fertile volcanic soils.
Short days are required for good rooting.

The phytogeographical characteristics of the
main cultivation regions are as follows:

In eastern Venezuela, better-quality arraca-
chas, such as Amarilla, are produced at 1 200 to
1 400 m; in Barimitas, Santo Domingo, at 1 500
to I 800 m. In Mérida, Venezuela, small crops of
arracacha are found on the valley floors and on
east-facing slopes. During dry periods, they are
irrigated every two weeks. In T4chira, Venezue-
la, they are rotated with banana and plantains and
are combined with maize through intercropping
with maize and beans. In Colombia,
A. xanthorrhiza occupies an important place in
the production structure of departments, such as
Ibaqué, that are above 1 800 m; in Antioquia, Rio
Negro and Narifio, between 1 200 and 2 800 m;
and in the basin of the Otengd River in Boyaca,
up to 3 200 m. On the coast, it grows in Santa
Marta at 40 m. Under conditions of abundant
humidity with irrigation, it is sown throughout
the year and harvested at eight to 12 months.

In Ecuador, crops are found between | 500 and
3000 m along the inter-Andean passage, al-
though there are fewer of them on the western
and eastern sides of the range. At higher alti-
tudes, it is cultivated sporadically; production
cycles exceed one year, with greater develop-
ment of the stump or crown in relation to the
roots. The greatest concentration of cultivars is in
Azuay and Loja.

In Peru, it is cultivated almost throughout the
country from 1 200 to 3 200 m, where there is
humidity. The two major centres of diversity are
found in the northern sierra (Cajamarca) and
southeastern sierra (Cuzco).

In Bolivia, the greatest concentration of crops
is in the yungas of La Paz and Cochabamba,
between 1 000 and 1 300 m. In the valleys of La
Paz, cultivation is very sporadic, and is carried

out at 3 500 m, with 1rrigation during dry years.
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In Brazil, it has spread from Séo Paulo to Santa
Catarina, where 1t 1s intensively cultivated from
700 to 2 000 m.

Genetic diversity

Among more than 60 specimens collected in the
Andean countries, there are numerous cultivars
which are differentiated by foliage colour and the
external colour of the root: white or yellow, both
with purple pigmentations.

Germplasm collections in South America
ICTA established a gene bank between 1965 and
1967, with 50 accessions from Colombia, Boliv-
ia, Ecuador and Peru. The collection was kept in
San Mateo in Lima but at 3 050 m but, because of
the termination of the Andean Crops Pro-
gramme, this material was transferred in 1967
and 1968 to various institutions in Andean coun-
tries and Brazil.

There are a great many varieties in Colombia:
Paliverde is the most common (90 percent), Pal-
iamarilla occurs to a lesser extent and Palirrusia
or Palirroja are uncommon. Paliverde can attain
yields of 10 to 15 tonnes per hectare of roots and
4 to 7 tonnes per hectare of stumps.

Considerable variability has been found
among arracachas, particularly insofar as foliage
and root characteristics are concerned. The most
notable types are the bronze-foliaged ones origi-
nating from Colombia. In these, no correlation is
observed between the presence of anthocyanin in
the leaves and roots, since the latter had a white
epidermis and also a white phloem and xylem.
The types with yellow roots, both on the surface
and on the internal part, have a pale bronze
foliage, with anthocyanins restricted to the lower
section of the leaves. Consequently, there is no
clear correlation between foliage colour and root
colouring.

The congeners closest to the cultivated species
are: A. sequatorialis, A. andina, A. elata and

A. moschata. Other species have also been
found, such as A. pennelli Constance in Bogotd,
A. tolucensis H.B.K. var. multiflora in Colombia
and Mexico; A. wigginessi Constance in the
south of Cuenca, Equador; A. incisa Wolf in La
Oroya; and A. peruviana Wolf in Ayacucho,
Peru.

Cultivation practices

The description of the traditional cultivation
technique is based on experiments and visits
made to peasants in Colombia and Peru.

The arracacha is reproduced by colinos (in
Colombia), suckers or pashincas (in Peru),
which are short ramifications or shoots which
emerge from a madre in Colombia and a buque in
Peru. In Colombia, approximately 400 kg per
hectare of colinos are required which are planted
out and then earthed up. When rooting has devel-
oped, three or four earthings can be done at the
same time as weeding, although some farmers
say that if earthing up is done repeatedly the plant
produces only foliage. The growing period is
variable; in the highest and coldest areas it can be
eight months while, in the savannah, it can be as
long as a year. This species prefers cloudy areas
with a constant humidity.

In some areas, the arracacha is included in a
rotation. It generally follows potatoes and vege-
tables or is combined with maize (five furrows of
maize and one of arracacha) and also with coffee
(in Manizales, Colombia). The sowing time coin-
cides with the beginning of ripening of the maize
and it is then left in the field for up to two years.

Prospects for improvement

The following may be mentioned as agronomic
limitations of A. xanthorrhiza: its long produc-
tion cycle compared with potatoes and other
tubers; the lignification of its roots on maturity;
the deterioration in the quality of stored roots;
pests and diseases, such as one unidentified mite
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which attacks the roots; rotting caused by Pseu-
domonas sp., which begins at five or six months
in the root and foliage; Alternaria sp., Erwinia
spp. and Rhyzoctonia crocorum; and lesions
from nematodes, such as Pratylenchus penetrans
which cause root necrosis.

There is room for improvement in the present
production system of peasant agriculture. An
analysis of cultivation practices from sowing up
to harvesting should be the basis for implement-
ing future research depending on specific local
situations.

In every country and in the regions with the
greatest concentration of cultivations and germ-
plasm, it would be of socio-economic, cultural
and educational benefit to organize communal
centres of action, where specific projects are put
into operation as part of an integral concept
whose economic feasibility is tested with the
farmers themselves and neighbouring communi-
ties. For example, the operation of a processing
unit would be linked with production, posthar-
vest marketing and the industrial process. At the
same time, school and community canteens
could be run on the basis of educational and
nutritional criteria. Any surpluses achieved dur-
ing a project would reflect the satisfactory result
and would make extension to other regions
easier. Shared research on a wide scale needs to
be planned with farmers on smallholdings.
Covering a large area with multiple ecologies,
projects would benefit from the contribution of
many people. The positive aspects of existing
farming practices would be reappraised and
specific problems solved.

This genuinely revolutionary methodology is
being tested in some Andean countries, where
peasant communities are responsible for its ad-
ministration. The real promoters, i.e. expert peas-
ant farmers who share out the benefits, therefore
participate in its operation.

This proposal is a departure from the schemes

based on traditional technical standards and val-
ues and suggests a change in the logic and ration-
ality of approaches. The theory seems to tie in
with practice, as was the case for the Aymaras
and other Andean peoples who constantly carried
out practices and trials each year and for each
crop, on one and on many smallholdings, thereby
ensuring the survival of the population.

Potential areas for introduction and
cultivation

The result of the research will make it possible to
extend the current restricted frontiers of arra-
cacha cultivation. For example, in Cajamarca in
Peru and Anaime in Colombia, which are regions
with an Andean ecology, it would be possible to
step up cultivation with a view to industrializa-
tion, as is happening in southern Brazil.

Lines of research

Under INIAP’s Andean Crops Programme (in

Ecuador), the following strategies of action have

been drawn up:

» completing the collection, evaluation and
conservation of germplasm;

« identifying the plant health problems of the
crop and the traditional techniques used
among producers;

o evaluating protein variations in the culti-
vars;

o identifying consumer preferences and sug-
gesting new forms of consumption;

+ organizing small community undertakings
for production, processing and marketing;

 carrying out work on the botanical, agro-
nomic, phytosanitary and dietetic character-
ization and evaluation (including

aminograms) of germplasm and crops;

» studying the plant’s physiology, including
the storage of roots, colinos, rootstalks and
sexual seeds;

« promoting the production of sexual seed;
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» studying photoperiods and thermoperiods,
resistance to cold and drought, the effect of

temperatures on growth and root yield.

MAUKA, CHAGO

(Mirabilis expansa)
Botanical name: Mirabilis expansa Ruiz &
Pavén
Family: Nyctaginaceae
Comumon names. Spanish: mauka (Bolivia),
chago, arricén, yuca, inca, cushipe, chaco
(Peru), miso, taso, pega pega (Ecuador)

The cultivation of Mirabilis expansa was first
described 25 years ago in La Paz, Bolivia. Some
15 years later it was found to the north of Quito,
Ecuador, and later in Cajamarca, Peru, where
there seems to be the biggest area of production.
It is an interesting case of a practically unknown
crop with a wide geographical distribution — it is
known from Venezuela to Chile.

The crop is maintained in small vegetable gar-
dens and in a marginal way. It is greatly valued in
the communities of temperate valleys at around
2800 m for human consumption and animal
feed. It occurs alone or combined with maize,
curcurbits or other plants, and remains in the field
for several years as a result of the transplanting of
vegetative parts.

Uses and nutritional value

The roots and leaves are used for human con-
sumption. It is prepared in the same way as sweet
potato or cassava: shortly after harvesting, the
root is parboiled and peeled, and it can also be an
ingredient of soups and stews; the leaves are used
in salads and chili sauces. In Ecuador, it is eaten
as a savoury or as a sweet. For the latter prepara-
tion, it is buried for approximately one week in
pits dug in the soil, where layers of barley straw
and mauka are alternated so as to concentrate the

sugars. In both cases, it can be accompanied by
coarse sugar honey.

In Bolivia, the stems and swollen roots, which
are yellow, are left to ripen in order to eliminate
certain astringent constituents which might the
affect the tongue and lips. They are then cut and
cooked, preferably adding corn molasses, cane
molasses or sugar to make them more agreeable.
The cooking water is served as a soft drink.

The whole plant is used as animal feed and
pigs, cavies, sheep and cattle are very partial to it.
For pig feeding, the raw underground parts are
mixed with the foliage, wild vegetation or maize
while cavies are fed the green foliage or hay. Its
degree of conversion is higher than that of other
agricultural by-products.

Dietary analyses of Bolivian maukas showed a
7 percent protein content, 2 760 mg of calcium
and 590 mg of phosphorus (in dry matter) in the
underground parts and a 17 percent protein con-
tent in the foliage.

Analysis of three cultivars of chago (mauka)
from Cajamarca in Peru gives between 4 and 5
percent protein. The calcium content is very var-
iable with aminimum of 157 mg and a maximum
of 461 mg. The phosphorus content is 117 mg
per 100 g. It is low in sodium and iron. The
protein, calcium and phosphorus content of the
chago is higher than other roots and tubers grown
in the same agro-ecological area. This is an im-
portant advantage if we consider that the diet of
the high Andes is frequently deficient in calcium
and phosphorus. Because of its low sodium con-
tent, the chago could be promising in low-sodium
diets.

Botanical description

A low, compact plant, M. expansa grows up to
I m in height. The swelling of the edible part of
the collar would tally with a perennial plant. The
aerial part is formed by the branching of basal
shoots from which dense groups of leaves arise.
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FIGURE 20

Andean roots: A) mauka, chago (Mirabilis expansa); B) leafcup (Polymnia sonchifolia); B1) roots
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The stems are cylindrical and are divided by
nodes, from which pairs of opposite leaves
arise. The leaves are ovulate or cordate, 3 to 8 cm
long, 2 cm wide and somewhat coriaceous.
The nervures and edges have reddish areas. The
inflorescences are on long, slender terminal
branches, are 3 to 6 cm in length and are covered
with hairs which frequently have small insects
stuck to them.

The usable parts are the stems and tuberous
roots. The stems are salmon-pink in colour when
they are below ground. They are generally
smooth and fleshy, up to 50 cm long and 5 cm
wide. The swelling process of the stems and the
accumulation of nutritive substances are typical
of Nyctaginaceae; they are the result of cambium
activity creating irregular peripheral tissues
around the external part of the stem. Towards the
centre, several elliptical rows of isolated xylem
vessels may be seen. The basic tissue is paren-
chymatous with an abundance of water, many
starch grains and some cream-coloured fibre.

Ecology and phytogeography

The only information available on M. expansa’s
environmental requirements relates to Cajamar-
ca in Peru, where the most evident ecological
area for the crop would appear to be the semi-
humid quechua (2 300 to 3 500 m), with a mean
annual temperature of 13°C and with maxima of
25°C and minima of 5°C; deep soils with abun-
dant organic matter and an annual precipitation
of 680 mm.

Explorations and collections carried out to
locate cultivated forms and wild relatives of
the mauka reflect its geographical distribution.

In Bolivia, the mesothermal valleys of La Paz
up to the point where they join the yungas: the
province of Camacho, the cantons of Italaque and
Mocomoco, the Yokargnaya communities to-
wards Mufiecas, Saavedra and Larecaja; the yun-
gas of the north and south; Inquisivi towards

Cochabamba; and, in the case of M. postrata in
La Paz, Achumani, at 3 500 m (Cota Cota
National Herbarium, La Paz).

In Ecuador, Cayambe and Mojanda in Pichin-
cha, with two morphotypes. In Ibambura, San
Pablo. In Cuvinche-La Esperanza, a native spe-
cies with a yellow root and white flowers can be
cooked quickly. Another introduced species with
a white root and magenta flowers is collected
from June to November. At 3 100 m in Caiiar,
Ingapirca, M. postrata and Moradilla or Pega
Pega occur, with white and purple flowers.

In Colombia, Beteitiva, the basin of the Otenga
River towards the wild barren plain of Las
Puentes in Boyacd, there are wild forms at
3 100 m.

In Peru, Cajamarca is the centre of the widest
diversity thus far described, with specimens col-
lected from five provinces and 15 districts — the
provinces of Celendin, Chota and Cajamarca
being the most prominent; three provinces and 28
additional districts are indicated. The mauka also
exists in other departments: La Libertad, Ancash,
Amazonas and possibly to the south of Ayacucho
as far as Cuzco and Puno. Wild specimens have
been found in Huarochiri in Lima.

Genetic diversity

No definite cultivars exist, but the plants are
differentiated by root colour, with White, Yellow
and Light Orange being distinguishable.

At present, three collections of germplasm are
available n the case of the cultivated species in
Peru and Ecuador, where characterization has
taken place and material is stored in live banks. In
Cajamarca, there are 32 accessions at the Bafios
del Inca experimental station (INTAA) and three
at the Faculty of Agronomy of the Technical
University of Cajamarca. In Ecuador, there are
three accessions at the Santa Catalina experimen-
tal station (INIAP).

In the specimens evaluated in Cajamarca, root
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and foliage development is greater because of the
more abundant precipitation compared with the
Andean south. The astringency of the newly
harvested roots should be pointed out in the
Bolivian specimens compared with those from
Ecuador, which are sweeter. A more detailed
characterization is needed within the various col-
lections. It may be added that, in rural areas,
women have valuable information on the charac-
teristics of cultivars.

Cultivation practices

Little is known about the cultivation of
M. expansa, which is reputed to be hardy and is
grown under peasant farming systems. The de-
tails given below come to a great extent from
information obtained on germplasm collection
trips.

Vegetative propagation is the technique nor-
mally used: basal shoots, pieces of stem or suck-
ers. It is also reproduced by seed. Plants which
have developed from basal shoots are harvested
at the end of one year. This period can be longer
if suckers are used. They are planted in furrows
in holes measuring 1 X 1 m. Because of the
frailness of the plants, earthing up must be done
carefully.

The production cycle generally lasts about
seven to nine months. In Ecuador, it is planted
from July to August, intercropped with maize,
which allows a better soil structure for root de-
velopment by preventing the proliferation of
slugs and attacks by a certain dipteron which
bores into the plant’s underground parts.

Phenology of the crop.
« From planting to emergence: four to seven
days.
» From emergence to the first pair of leaves:
Six to nine days.
« From the first pair of leaves to the start of
tuberization: 25 to 30 days.

* From the start of tuberization to flowering:
100 to 110 days.

* From flowering to harvesting: 90 to 100
days.

* Production cycle: 225 to 256 days.

 Appearance of the first roots: 22 days.

 Cuttings that take root: 96 percent.

» Number of roots per cutting: 23.

» Number of roots per plant (on peasant plot):
two to five.

» Length of roots at 45 days: 3 to 2 cm.

Yield.
° Yields per plant (two seasons): 0.5 to 2 kg.
* Weight of plant (on peasant plot): 3 to 5 kg.
 Yield per hectare: 12 and 52 tonnes.
* Yield of green fodder per plant at 6.5
months: 7 kg.
There are no official statistics on production,
area under cultivation or yields.

Prospects for improvement

The mauka is a crop which has been reduced to

family vegetable gardens and its conservation is
mainly due to the interest of the peasants who
value its production and appreciate its taste.

Its reproduction is cheap because of the ease
of propagation from cuttings. However, it com-
petes with other roots, since soil availability is
limited in the agro-ecological area in which it is
cultivated.

With an adequate selection of varieties and the
development of a more appropriate cultivation
technology, its production and marketing could
be increased in some areas.

There is an interest among the peasant commu-
nities which are providing genetic material so
that M. expansa can continue to be produced and
consumed.

The National University of Cajamarca has set
up a tissue culture laboratory and is able to exper-

iment with germplasm stored in viiro.
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Lines of research

Expansion of M. expansa, both within and out-
side its habitat, must be founded on basic applied
research. There is still much to be learned about
its botanical, biochemical, physiological, pheno-
logical and agronomic aspects that will allow
more information to be obtained on cultivation
practices, environmental photoperiod and ther-
moperiod requirements, humidity, soils, pests
and diseases.

s As a preliminary measure, the existing
genetic material must be completed and
characterized and the most acceptable eco-
types must be selected with producers.

 The genetic base needs to be broadened for
characterizations and evaluations to be car-
ried out and methods of storing collections
need to be improved.

» The existence of variability in the astringent
nature of the root means that varieties might
be bred with a lower oxalate content.

e Biochemical research on this root could also
enable the selection of materials with a bet-
ter nutritional balance as regards protein and

trace elements.

LEAFCUP

(Polymnia sonchifolia)
Botanical name: Polymnia sonchifolia
Poeppig & Endlicher
Family: Compositae
Common names. English: leafcup, yacon;
Spanish: yac6n, yacuma, jicama (Ecuador,

Bolivia), arboloco (Colombia), jicama
(Peru)

Originating in the Andes, Polymnia sonchifolia
is grown from Venezuela to northeastern Argen-
tina, on the slopes of the range with subtropical
and tropical climates at around 2 000 m. The wild
forms were found by Bukasov on the Cundi-

namarca plateau in Colombia. It is a typically
peasant crop. Its production increased during the
widespread drought which laid waste the Andean
region in 1982-1983, when potato production
(which was seriously affected) was replaced by
that of the leafcup with good results.

Its marginalization is connected with the ab-
sence of an intensive production technique which
can be traced to the fact that this species is not
customarily eaten in urban areas.

Uses and nutritional value

The pleasant-tasting sweet roots are eaten raw
after they have been exposed to the sun for sever-
al days until the peel shrivels. Because it is easy
to digest, it is used in invalids’ diets in the usual
areas of cultivation. Cattle and pigs also eat the
roots together with the foliage.

In Ecuador, ten clones were evaluated during
the one-year productive cycle, with the following
yields: raw root, 41 tonnes per hectare and peeled
root, 34 tonnes per hectare. The dry matter con-
tent of the roots is 15 percent.

The average sugar content increases as it be-
comes concentrated in the roots which are ex-
posed to the sun for two weeks: fructose,2t022 g
per 100 g in fresh roots; alpha-glucose, from 2 to
7 g; beta-glucose, from 2 to 6 g, and sucrose,
from 2 to 4 g. The sugars are similar to inulin. As
in the case of sugar cane, the sugars can be
concentrated to obtain sugar or molasses. There
is also agro-industrial potential for converting
these sugars into alcohol.

From the foregoing, the great agronomic
potential of P. sonchifolia may be appreciated.
It is also used as a soil protector because of its
ability to maintain itself as a perennial species,
especially in dry agro-ecological areas.

Botanical description
P. sonchifolia is a perennial plant which forms a
densely ramified root system from which cylin-
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drical stems grow to about 1.5 m in height. The
leaves vary in shape, being pinnatifid at the base
of the stems and triangular on the apical part. The
flowers appear on terminal branches and have
five pointed, green, triangular bracts. The outer
flowers have long ligules which are 10 to 15 mm
long, yellow or orange in colour and denticulate
at the apex, while the central ones are tubular and
about 8 mm in length.

The roots are irregular or fusiform and develop
ramified masses at the base of the plant. They are
purple on the outside, while the inner part is
fleshy and orange-coloured. It is propagated
from shoots taken from the collar of the plant.

Ecology and phytogeography

Little information exists regarding the environ-
mental requirements of P. sonchifolia. However,
according to field observations, they are as
follows:

Photoperiod. The plant develops under both
short-day and long-day conditions.

Humidity. Because of its growth habits, it re-
quires humidity in the first stages, but afterwards
can tolerate periods of drought.

Altitude. P. sonchifolia is grown at sea level in
Peru, New Zealand and the United States, al-
though there is no information on the production
of usable roots, except in New Zealand where it is
grown commercially. Its upper limit appears to
be 2 000 m.

Temperature. 1t tolerates high temperatures and
minimum temperatures of 4 to 5°C.

Soil. It shows wide adaptation for foliage produc-
tion. However, to produce edible roots it requires
deep, rich and well-drained soils.

Geographical distribution

In Colombia, it is grown on the tableland of
Cundinamarca, Boyacd and Narifio, from 2 600
to 3 000 m on the high, bleak plateaus.

In Ecuador, it is grown from 2 400 to 3 000 m
sporadically between maize fields and in vegeta-
ble gardens in the inter-Andean corridor in the
following order of importance: in Loja, Azuay,
Canlar, the lakeside area of San Pablo in Imbabu-
ra and in Bolivar province.

In Peru, cultivated varieties are found from
1 300 to 3 500 m, with the greatest concentration
in the north and southeastern sierra, between
2 000 and 3 000 m.

In Bolivia, it is grown around 2 500 m, at a
maximum altitude of 3 600 m at the head of the
valley to the north of La Paz (the provinces of
Larecaja, Camacho, Mufiecas, Bautista Saave-
dra); in Cochabamba de Pocona towards the
south, Chuquisaca and the mesothermal valleys
of Santa Cruz.

In Argentina, it grows to the northeast of Jujuy
and Salta.

Genetic diversity

The IICA began leafcup collections in 1963.
Since then, 88 collections have been obtained in
Peru, especially from Cajamarca.

In Ecuador, 24 collections have been gathered
and a wild form has been found (the best time for
collecting is from June to August). A preliminary
evaluation has been made of the sugar content in
ten clones.

The best-known cultivars in each country —
White, Purple and Yellow — coincide insofar as
the colour of the edible part of the roots is con-
cerned: Yellow is the most sought after.

Cultivation practices
Traditional cultivation begins with the prepara-

~ tion of ploughed maize or potato fields, where the

shoots are planted in furrows. Sowing can be
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done throughout the year provided there is mois-
ture in the soil. Earthing up is done just once. The
plants reach maturity at approximately seven
months in low areas and in one year in the highest
areas such as the heads of valleys.

The roots break easily and must be harvested
with care and then separated from the central
stem which 1s then used for livestock feed. They
are stored in dark, dry places where they are kept
for months and become sweeter because of starch
conversion. The sun’s action accelerates this
process. In intensive crops, yields of up to 40
tonnes per hectare can be obtained.

Prospects for improvement
The fresh root of P. sonchifolia has a high water
content, hence 1its food value is low.

In the Andean region, there is a potential de-
mand. In other subtropical and tropical regions of
the world it could be developed as an industrial
crop for inulin production. The leafcup could
also acquire importance as a perennial fodder and
cover crop in arid conditions. In this connection,
it would appear as a component of multiple com-
plementary crops.

Lines of research

The leafcup needs to be “rediscovered” through
the following measures if its cultivation is to be
extended:

 completing explorations and systematic col-
lections of cultivated and wild forms;

e coordinating the characterization, agronom-
ic evaluation of the material and determina-
tion of sugar content and quality carried out
by the current gene banks;

 determining the optimum conditions for
storing roots and leaves;

e evaluating the use and quality of green and
hay fodder;

* studying diseases and obtaining tolerant
material or determining control methods;

* testing meristem culture;
o developing technologies for mechanized

cultivation.
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PEPINO

(Solanum muricatum)
Botanical name: Solanum muricatum
Aiton, S.variegatum R. & P., S. pedun-
culatum Roem & Schult, S. guatemalense
Hort.
Family: Solanaceae
Common names. English: pepino, sweet
cucumber, pear melon; Quechua: cahum,
xachum; Aymara: kachuma; Spanish:
pepino, pepino dulce (Colombia, Ecuador,
Peru, Bolivia), mataserrano (central and
southern Peru), peramelon (Canaries)

The pepino, Solanum muricatum, originates
from the Andean region and has been domesti-
cated since pre-Hispanic times. At present, it is
known only as a cultivated species. Its names in
native languages and representations on various
ceramic objects of the Chimu and Paracas cul-
tures are proof that it was a widespread and
important crop in those days. This was not so
during the settlement or the Republic. During the
settlement, the Viceroy Melchor de Navarra,
Count of la Palata, prohibited consumption of
this fruit and gave it the pejorative name of
“mataserrano” (highlander killer). The Spanish
word pepino might have been intended to facili-
tate the introduction of Cucumis sativus L. (Cu-
curbitaceae), a species also known by this name,
as the names have been confused since then. On
the northern coast of Peru (in the Vird and Moche
valleys), farmers believe that if pepinos are eaten

The author of this chapter is |. Sanchez Vega (National
University of Cajamarca, Peru).

Andean fruits

after drinking liquor, death may result. Names
and beliefs have contributed towards S. muri-
catum being grown in small areas and its intro-
duction is still at the incipient stage. The situation
is not the same in the countries where it has been
introduced, however. Commercial crops pro-
duced with advanced technology are known in
Chile, New Zealand and the United States (Cali-
fornia) as a result of this fruit’s acceptance
on North American, Eu