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calyx. 8. Fruit. All X5
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Tubers of Solanum candolleanum, collected at Tacacoma, Province Larcca-
ja, Department La Paz (Ochoa and Salas 11814), X 3.

Solanum doddsii (Ochoa 12004). 1. Upper part of flowering plant.
2. Corolla. 3. Petal. 4. Stamens. 5. Pistil. 6. Calyx. 7. Pedicel and
pistil. All X1.

Solanum gandarillasii (Ochoa 12007). 1. Flowering plant. 2. Corolla.
3. Petal. 4. Stamens, dorsal view. 5. Pistil. 6. Pedicel and stamens.
7. Pedicel and calyx. All X1.

Floral disscction of Solanum gandarillasii (Ochoa 12010), X1.

Solanum leptophyes (Petersen, Hjerting, and Reche 1033), X 1.

Floral dissection of Solanum leptophyes (Ochoa and Salas 15455), x1.
Berries of Solanum leptophyes (Ochoa 13586), X 1.

Habitat of Solanum leptophyes, in the vicinity of La Paz, 3700 m altitude.
Solanum microdontum (Ochoa and Salas 15552); upper part of flowering
plant, X1.

Floral dissection of Solanum microdontum (Ochoa and Salas 15545), X1.
Solanum microdontum var. metriophyllum (Ochoa and Salas 15509); upper
part of flowering plant, X1.

Floral dissection of Solanum microdontum var. metriophyllum (Ochoa and
Salas 15509), X1.

Solanum  microdontum var. montepuncoense (Ochoa 12025, holotype).
1. Upper part of flowering plant. 2. Corolla. 3. Petal. 4. Stamens,
dorsal view. 5. Pistil. 6. Calyx. 7. Pedicel and calyx. All X5,
Floral dissection of Solanum microdontum var. montepuncoense (Ochoa
12025), X1.

Solanum neocardenasii (Ochoa and Salas 15555). 1. Flowcring plant.
2. Corolla. 3. Petal. 4. Stamens, dorsal view. 5. Pistil. 6. Calyx.
7. Pedicel and calyx. 8. Fruit. All x1.

Solanum neocardenasii (Ochoa and Salas 15555). Leaf, upper surface, X1.
Floral dissection of Solanum neocardenasii (Ochoa and Salas 15555).

Type locality of Solanum neocardenasii. A hill, some 2 km from Mataral
on the road to Valle Grande, Province Valle Grande, Department Santa
Cruz.

Solanum neocardenasii in its natural habitat at its type locality, protected by
spiny plants and bromcliads.

Solanum okadae (Ochoa 11917). 1. Flowering plant. 2 Corolla. 3. Petal.
4. Stamens. 5. Pistil. 6. Calyx. All X5,
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Floral disscction of Solanum okadae (Ochoa and Salas 15506), X1.
Roadsidc habitat of Solanum okadae, vicinity of Cancho, 2800 m altitude,
between Quime and Inquisivi, Province Inquisivi, Department La Paz.
Plants of this species grow in stony soil along roadsides bordered by
introduced cucalyptus trees.

Solanum okadae, in its native habitat and type locality, outskirts of
Quimc.

Solanum oplocense (Ochoa 11969). 1. Upper part of flowering plant.
2. Corolla. 3. Pctal. 4. Stamens, dorsal view. 5. Pistil. 6. Calyx.
7. Pedicel, calyx and pistil. 8. Fruit. All xVa.

Floral disscction of Solanum oplocense, 2n=24 (Ochoa 11927), X1.

Floral disscction of Solanum oplocense, 2n=72 (Ochoa 11969), X1.
Tubers of Solanum oplocense, 2n=48 (Ochoa 11948), X 1.

Tubers of Solanum oplocense, 2n=72 (Ochoa 11969), X1.

Berrics of Solanum oplocense (Ochoa 11927), X1.

Habitat of Solanum oplocense, subxerophytic region between Oploca and
Tupiza, Province Sud Chichas, Department Potosi.

Lectotype of Solanum sparsipilum (Buchtien 771, US). Photo: courtesy of
the Smithsonian Institution.

Solanum  sparsipilum (Ochoa 662). 1. Flowering plant. 2. Corolla.
3. Petal. 4. Stamens, dorsal view. 5. Pistil. 6. Calyx. 7. Pedicel and
pistil. 8. Fruit. All XA

Floral dissection of Solanum sparsipilum (Ochoa 12028), X2.

Fruits of Solanum sparsipilum (Ochoa 12028), X1.

Tubers of Solanum sparsipilum, 2n=24 (Ochoa 12028), X 5.

Solanum sucrense (Ochoa 11926). 1. Upper part of plant. 2. Corolla.
3. Pctal. 4. Stamens, dorsal view. 5. Pistil. 6. Calyx. 7. Pedicel and
calyx. All XVa.

Floral disscction of Solanum sucrense (Ochoa 11926), X1.

Solanum sucrense 1n its type locality, Valle de Azari, 2700 m altitude,
Province Oropeza, Department Chuquisaca, Bolivia. Growing on flat
stoncs topping old adobe walls.

Solanum vidaurrei (Ochoa 11952). 1. Flowering plant. 2. Corolla.
3. Pctal. 4. Stamens, dorsal view. 5. Pistil. 6. Calyx. 7. Pedicel and
stamens. 8. Fruit. All XA,

Floral dissection of Solanum vidaurrei, 2n=48 (Ochoa 11952), X1.

Floral dissection of Solanum vidaurrei, 2n=24 (Ochoa 12003), X1.
Isotype of Solanum virgultorum (Mandon 399, P), ca. X'a. Photo: courtesy
of the Natural History Museum of Paris.

Type locality of Solanum virgultorum, Munaypata, 2650 m altitude, in the
vicinity of Sorata, Province Larecaja, Department La Paz.

Solanum X ajanhuiri (Ochoa 3112).
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Solanum X ajanhuiri f.  janck’o-ajanhuiri (Ochoa 3881). 1. Leaf.
2. Corolla. 3. Petal. 4. Pistil. 5. Stamens. 6. Calyx. 7. Inflorescence.
8. Tubers. All X5,

Solanum X ajanhuiri var. yari (Ochoa 3888), XVa.

Floral dissections of Solanum X ajanhuiri var. yari (above, Ochoa 3887,
below, Ochoa 3888), x1.

Solanum phureja (Ochoa 3536), XVa.

Solanum phureja var. caeruleus (Ochoa and Salas 14973). Leaf, XV5. Floral
dissection, X1.

Solanum phureja var. erlansonii (LE=K-451), X1.

Solanum phureja var. macmillani (LE=K-447), X1.

Solanum phureja var. rubro-rosea (Ochoa and Salas 14971). Leat, X 5. Floral
dissection, X1.

Floral disscction of Solanum phureja var. caeruleus (Ochoa and Salas 14973),
x1.

Floral dissection of Solanum phureja var. rubro-rosea (Ochoa and Salas
14971), X1.

Tubers of Solanum phureja var. flavum (Ochoa and Salas 14972), X1.
Tubcrs of Solanum phureja var. flavum (Ochoa and Salas 15000), X 1.
Tubers of Solanum phureja var. janck’o-phureja (Ochoa and Salas 15472),
X1

Los Yungas, a humid valley zonc between La Paz and Chuspipata,
Bolivia. Solanum phureja 1s cultivated on mountain tops near the hamlet
of Chojlla (in background), and Solanum yungasense grows wild in the
valley bottoms.

1. Plant of Solanum stenotomum (Ochoa 2799). 2. Inflorescence and upper
part of plant. 3. Tubers of S. stenotomum var. pitiquifia (Ochoa 3919).
Floral disscction of Solanum stenotomum var. pitiquifia f. laram (Ochoa
3926), X1.

Floral disscction of Solanum stenotomum var. pitiquifia f. phiti-kalla (Ochoa
3928), x1.
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Tubers of Solanum stenotomum var. pitiquifia, X2.

Solanum X juzepczukii (Ochoa 2806). 1. Upper part of flowering plant.
2. Flower. 3. Corolla. 4. Stamens. 5. Pistil. 6. Calyx. 7. Leaf.
8. Tuber.

Habitat of S. acaule, S. X juzepczukii and S. X curtilobum, 4000 m
altitude, near La Paz, with the Cordillera Real in the background.
Solanum X curtilobum. 1. Flowering plant (Juzepczuk 1707). 2-7. S. X
curtilobum, lcaf and floral details (Ochoa 3939). 2. Corolla. 3. Petal.
4. Stamens. 5. Pistil. 6. Calyx. 7. Leaf. All X1.
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Foreword

E)tatocs, a wonderful food, arc found on dinner plates around the world, but
where do they come from? What were they like when they grew wild? And
what arc their wild relatives like? This volume addresses interesting and
important questions about the potato by cxamining the potato and its wild
relatives in Bolivia.

Even though the potato was introduced to Europe 1 the cighteenth century
and to North America somewhat later, controversy still surrounds the cxact
geographic source of the potatoes that first graced European gardens and
larders. Surely it was somewhere in western parts of South America, but just
where? Part of the problem is that potatoes are not all alike, and they were not
always just as they are now. Modern scientific works list about 200 different
species of potatoes, most, but not all of which are from western South
America. Some writers have shown that even today wild potatoes are under-
going change as they are accidentally or deliberately hybridized with stocks
cultivated by farmers nearby. This means that in scarching for wild ancestors
of the potato, onc must look for wild potatoces that may now be slightly altered
from those that were first brought into European cultivation four centurics
ago.

Scientists differ when it comes to pointing out which wild potatocs most
closcly resemble the present cultvated potatoes. Although scientific papers
have become more precise in describing characters, mechanisms, chemical
responscs, and breeding behavior of the potato, this has not yet clarified the
origin of the cultivated potato. Surcly a clear cataloging of the wild species and
their distinctions is a first step to assessing the ancestral group and the closest
relatives to the potatoes we cat. Such cataloging 1s part of the science of
systematics, or taxonomy.

As the systematic study of the potato has evolved over time, potatoes have
been studied by different kinds of taxonomic botanists. At first, general
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XX1V Foreword

botanists described potatoes in the course of describing a wide range of plants.
Carl Linnacus described the cultivated potato, Solanum tuberosum, in 1753.
During the past century, general taxonomists such as D. F. L. von Schlechten-
dal and Asa Gray cach described potato species from the north of Colombia,
and Alphonsc de Candolle described a species from South America. Perhaps
the first specialist on the potato family Solanaccac was Michel-Felix Dunal,
who described potato species between 1813 and 1852, But the notion that
Solanum tuberosum was not the only species i South America did not come
into being until the time of Berthault mn 1911, and the next great specialist in
the family, Georg Bitter, who described many species between 1911 and 1914.
These workers all worked with the collections of others, but they were never
able to study the plants under native ficld conditions.

Beginning in the 1920s, cxpeditions were sent from Europe and North
Amcrica to study potatoces in the lands where they occur. Among the most
noteworthy of these potato-cxpedition leaders were those that came from
Russia, Amecrica, and England. Also in this century, botanists, native or
resident in arcas where wild potatoes occur, some of them still hiving, for
cxample, Cesar Vargas and Heinz Briicher, studied potatoes and described
new species. The results of these South American workers have been largely
accepted and incorporated into the taxonomic revisions of the potato group,
which werc prepared by workers clsewhere. This volume is the first ‘magnum
opus’ to be written by an cstablished South-American expert on potato tax-
onomy. The author has been publishing descriptions of South American
potatocs for over 30 years and actively studying them in the field for much
longer.

Much of the germplasm used in this century in breeding better potatocs and
in studying the biochemical, inheritance, pathological, and other relationships
of the potato has come from material collected by the potato expeditions from
Europe and North America. Our descriptions of the group as a whole and of
how the species occur in their native lands have also come largely from
workers living clsewhere who cither made relatively short forays into the
source arcas of the potato or never came to South America at all. That our
knowledge of such an important crop plant should stand on such a limited basc
1s quitc undesirable. For the kind of inventory that will really document and
analyze the variability, habitats, and geography of the wild potatoes, more
continuous surveys arc clearly needed. In recent years, the International Potato
Center, hecadquartered in Lima, Peru, has provided facilities and encourage-
ment for such cfforts, and the Center’s long-standing interest in the taxonomy
of native potatocs has made this present work possible.

This volume is the first in a scrics on the taxonomy of the potato in South
Amcrica; future volumes arc promised that will cover Peru, Ecuador, and
other countrics as well. The three-country arca hosts perhaps one hundred
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different potato species. To have this important scrics about the taxonomy of
the potato written by a native and resident of the arca is a welcome develop-
ment. The author has for many years been ideally placed to study the different
specics and varieties in the wild, under cultivation, and in native markets.

This first volume catalogucs the potato specics occurring in Bolivia. The
wild specics are placed in a traditional taxonomic framework, and the tax-
onomy of the cultivated species 1s expanded greatly from what has been donc
in the past. This achicvement 1s based on the author’s long-standing and
intimate knowledge of the group. The notations on chromosome numbers,
taxonomic affinitics, distributions, and habitat preferences that appear
throughout the book will be most helpful to future workers, as will be the full
specimen citations.

Most texts tend to lose something in translation from onc language to
another; however, for this book it is morce a casc of two professional potato
taxonomists collaborating to create a text based on the work of one of them.
Ugent brings scasoned and cxpert skills to the translation task.

The abundant illustrations add a special utility to this book that 1s lacking n
almost all other taxonomic texts. Clear and diagnostic line drawings, specially
commissioncd watercolor prints, and photographs of living matcrial of all the
species provide a uscful illustrated guide to the information given in the
dichotomous keys. The photographs of type specimens, and the fact that the
drawings and photographs were made by the author himsclf, engender confi-
dence in the scientific decisions underlying the taxonomy of the group. Col-
ored illustrations tying together the color and shape of tubers of naturally
occurring specics with the taxonomic descriptions and nomenclature is a novel
featurc of the book. This should be especially valuable to potato scientists
clsewhere who try to asscss and diagnose the variability in unusual and
important cultivated strains for breeding and other purposes. A scries of maps
show the distribution of Bolivia’s potatocs and climates.

This volume is a milestone for texts published on the wild relatives of any
cultivated plant. One looks forward to sceing the following volumes.

W. G. D’Arcy
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Preface

Much has been accomplished in the interrelated fields of potato systematics
and crop breeding since the appearance of Vavilov’s monumental 1935 work
on the Origin, Variation, Immunity and Breeding of Cultivated Plants. Following
the publication of this classic work, scientists from many countrics joined the
Russians in their cfforts to collect, classify, and maintain samples of South
Amcrican potato germplasm. Especially valued by the breeders of that cra
were the samples of wild and primitively cultivated potato species that had
been collected in the central Andes. This latter region was recognized by
Vavilov as an important center of domestication for the cultivated potato.

Although the great majority of germplasm collecting expeditions of the
1930s and carly 1940s were organized and carried out by European and North
Amcrican scientists, an increasing number of the later expeditions were made
by South American rescarchers, most notably from Colombia, Chile, Bolivia,
and Peru. One result of these later expeditions was a rather dramatic upsurge
in the number of papers published in Spanish. Today, approximately onc half
of the papers that appear in the ficlds of potato systematics and breeding carry
the names of scientists from Latin American countrics.

Despite a spectacular risc in the number of potato introductions that arc
currcntly maintained on a worldwide basis by germplasm stations, there
remains a critical need for additional collecting. Exploration of the Andean
potato zoncs, and particularly of the remote, isolated valleys of the arid coastal
ranges and the moist western slopes of the central cordilleras, will probably
continuc to rank as an important priority for future investigators.

It must be pointed out, however, that the Andes constitute a formidable
barricr for thosc wishing to engage in plant exploration. Distances between the
various potato collecting localities can run into hundreds and cven thousands
of kilometers, and roads and communication lincs are often poorly or not at all
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xXviil Preface

developed. Many mountain valleys and crests are still awaiting cxploration by
the hardy adventurer.

My interest in the study of wild and cultivated species of potato springs
from my experiences as a plant breeder with the Peravian Ministry of Agricul-
turc. Although I was originally assigned in 1946 to a wheat improvement
project, it soon became evident that a more critical breeding situation cexisted
with respect to the leading native root crop of Peru, the potato. This was
brought home dramatically to me shortly after my employment began with
the Ministry of Agriculture, when the potato plants in the arca where I was
working, the Mantaro Valley of Central Peru, were destroyed by an unusually
carly and scvere frost. With the loss of the entire Mantaro Valley potato crop
that ycar — and the resultant misery that fell upon its human population — 1
began the long scarch for new potato varicties that could improve the ccon-
omy of the arca. Unfortunately, there were no other Peruvian stocks suitable
for the Mantaro Valley, nor were there other Peruvian potato breeders who
could help me with the problem. Thus, 1 eventually began to experiment with
the breeding of new hybrid potato varieties that had some resistance to frost,
this derived from the transference of germplasm from such usually hardy wild
specics as Solanum acaule and S. bukasovii. But, the identification of wild forms
suitable for these breeding studics was, in the beginning, a difficult task. Few
taxonomic studics on the wild and cultivated potatoes of South America were
available to me in the mid-1940s, and thosc that I had were found to have
many omissions and crrors. I therefore soon realized the necessity for studying
both the horticultural and taxonomic characteristics of the plants on hand. In
the first instance, this led cventually to the development of six potato varictics
that still remain popular in Peru today (Renacimiento, Mantaro, Tomasa
Condcmayta, Yungay, Cusco, and Micacla Bastidas); while in the sccond, it
led ultimately to the publication of this book.

In my more than thirty years of active botanical exploration of the central
Andcs, | have attempted to visit the regions that had been little collected by
previous workers. My travels have taken me to the high mountains of Peru,
Bolivia, Ecuador, Colombia, and Venezuela, as well as to the scaside habitats
of wild potato specices in south-central Chile and the Atlantic Basin, mainly the
territorics of Paraguay, Uruguay, and southern Brazil. These South American
collections have formed the basis of numerous systematic, cytological, and
horticultural papers.

Although many of my dried plant collections are found in some of the
world’s major herbaria, the living collections of sceds and tubers that [ assem-
bled for breeding purposes and for usc in biosystematic studics on the Andean
potatocs will be stored on a permanent basis by the germplasm bank of the
Intcrnational Potato Center (CIP), with its main headquarters located in Lima,
Peru. The identification of the germplasm collections at CIP has been a job
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that has occupiced my attention since the opening of the Center in 1972. Today,
about 90% of the collections at CIP have been classified.

By having access to CIP’s cxcellent facilitics and the important world
germplasm collections, I have been able to study the phenotypes of plants
grown under uniform climatic conditions. As pointed out frequently by other
authoritics of Solanum, Scct. Potatoe, it is extremely important to take cnviron-
mental plasticity into account when revising the species of this group. Often,
plants that appcar very different in nature are scen to be nearly identical when
grown under standard ficld conditions. Morcover, the growth of plants under
uniform ficld conditions facilitates the study of hybridization, introgression,
and ccotypic differentiation. Lastly, I would like to point out that without the
above facilitics at my disposal, my work on the crossability, fertility, and
chromosomal relationships of the various species of this section would prob-
ably never have come to fruition.

The present book constitutes the first volume of a series of works that will
dcal ultimately with all the wild and cultivated potato specices of the central and
northern Andes. Bolivia was chosen as the first country for study, as its
potatocs arc not only among the more interesting for the region, but are also
the least known.

C. M. Ochoa

International Potato Center, Lima, Peru
Research Associate, Department of Botany
Smithsonian Institution, Washington, D.C.
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Plate I1. — Solanum berthaultii Hawkes. (See frontispiece for plate I.)
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Plate III. — Solanum chacoense Bitter.
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Plate IV. — Solanum litusinum Ochoa.
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