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ABSTRACT

Peru has 103 taxa of wild potatoes (species, sub-
species, varieties, and forms) according to Hawkes
(1990; modified by us by a reduction of species in the
Solanum brevicaule complex) and including taxa
described by C. Ochoa since 1989. Sixty-nine of these
103 taxa (67% ) were unavailable from any of the world’s
genebanks and 85 of them (83% ) had less than three
germplasm accessions. We conducted a collaborative
Peru (INIA), United States (NRSP-6), and International
Potato Center (CIP) wild potato (Solanum sect. Petota)
collecting expedition in Peru to collect germplasm and
gather taxonomic data. This is the first of a series of
planned expeditions from 1998-2002. We collected from
February 18 to April 18, 1998, in the southern depart-
ments of Apurimac, Arequipa, Cusco, Moquegua, Puno,
and Tacna. We made 57 germplasm collections, including
14 taxa that are the first available as germplasm for any
country (Solanum aymaraesense, S. chillonanum, S.
incasicum, S. megistacrolobum subsp. megistacro-
lobum f. purpureum, S. longiusculus, S. multiflorum,
8. pillahuatense, S. sawyeri, S. sandemanii, S. tacna-
ense, S. tarapatanum, S. urubambae, S. velardei, S.
villuspetalum), and two additional taxa that are the
first available for Peru but with germplasm from Bolivia
(S. megistacrolobum subsp. toralapanum, S. yunga-
sense). Collections also were made for the rare taxa S.
acroscopicum, S. buesii, S. limbaniense, and S. santo-
lallae. Our collections suggest the following minimum
synonymy may be needed for Peruvian potatoes: S. saw-
yeri as a synonym of S. tuberosum; S. hawkesii and S.
incasicum as synonyms of S. raphanifolium; S. multi-
Slorum and S. villuspetalum as synonym§ of S. uru-
bambae.
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INTRODUCTION

Wild and cultivated tuber-bearing potatoes (Solanum
sect. Petota) are distributed from the southwestern United
States to south-central Chile. The latest comprehensive tax-
onomic freatment of potatoes (Hawkes, 1990) recognized 216
tuber-bearing species, with 101 taxa (here to include species,
subspecies, varieties and forms) from Peru. Ochoa (1989,
1992b, 1994a,b) described ten additional Peruvian taxa rais-
ing the total to 111. We lower this number to 103 with a mod-
ification of species in the Solanum brevicaule complex.
Sixty-nine of these 103 species (67%) were unavailable from
any of the world’s genebanks and 85 of them (83%) had less
than three germplasm accessions. Despite the efforts by CIP
to collect and conserve a representative sample of this gene
pool, intensive exploration was prevented by terrorist activ-
ities in the past 15 years. Wild potato collecting in Peru was
therefore considered of first priority by the National Institute
of Agrarian Research (Instituto Nacional de Investigacion
Agraria, INIA), Peruvian Ministry of Agriculture; the National
Research Support Program-6, United States (NRSP-6); the
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International Potato Center (CIP); the Centre for Genetic
Resources The Netherlands (CGN) at the Centre for Plant
Breeding and Reproduction Research (CPRO-DLO),
Wageningen, The Netherlands; and the German Potato
Genebank at the Institute of Plant Genetics and Crop Plant
Research (IPK), Gatersleben, Gross Lusewitz, Germany. This
report details the results of a collaborative germplasm col-
lecting expedition in Peru by INIA, CIP, and NRSP-6 from
February 18 to April 18, 1998; the other genebanks plan to
collect with us in future years. The goals of the expedition
were to collect wild species germplasm and to increase them
quickly and make them freely available internationally. CIP
will distribute these genetic materials according to the in-
trust agreement between the International Potato Center and
FAQO, and NRSP-6 according to established policy of the
United States Plant Germplasm System.

MATERIALS AND METHODS
Permission to Collect

INIA is the Peruvian institution in charge of granting the
permit for collecting activities of agricultural biodiversity in
Peru. NRSP-6 and CIP obtained a general permit to collect in
collaboration with INIA for a series of expeditions from 1998-
2002. Because of the large size of Peru and logistical prob-
lems in Peru, and because of the many species in need of
germplasm collection, we proposed a series of five expedi-
tions. Collecting in specific areas required addenda to this
general permit. Addenda for collections in 1998 allowed col-
lections in the six southern Peruvian departments of Apuri-
mac, Arequipa, Cusco, Moquegua, Puno, and Tacna. Only the
1998 expedition was funded and further expeditions await
peer review of competitive grants to the USDA. These would
continue to take two months each, from 1999-2002. CPRO-
DLO/CGN and IPK will participate in some of these.

Locality, Geographic, and Herbarium Data

Prior to the expedition, we compiled locality data from:
1) Correll (1962), 2) Ochoa (1962), 3) a database of herbar-
ium records distributed by J.G. Hawkes, Birmingham Uni-
versity (Hawkes, 1997), 4) individual species descriptions for
all type localities in Peru (the locality of the specimen upon
which a species, subspecies, variety, or form is based), avail-
able from an unpublished database maintained by Ronald
van den Berg (Wageningen Agriculturaf University) and
David M. Spooner. Since the publication of Correll (1962),
and Ochoa (1962), CIP (mainly through Carlos Ochoa and
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Alberto Salas) has collected extensively throughout Peru,
Colombia, Venezuela, and Ecuador. Other than selected iso-
type specimens (duplicates of the holotype specimen, the
one specimen upon which a species name is based), the
majority of these specimens have been deposited in the
herbaria of CIP and OCH (Ochoa’s private herbarium). Our
expedition lacked these latter herbarium data that will be
available with the publication of Ochoa’s book on the wild
potatoes of Peru (in press).

We compared these literature records to germplasm hold-
ings in an intergenebank database (Huaman, 1998; Huaman et
al., 1996) that summarizes holdings from NRSP-6, CPRO-
DLO/CGN, IPK, CIP, the Commonwealth Potato Collection
(CPC, Scotland), the Balcarce Potato Collection (INTA,
Argentina), and the N.I. Vavilov Institute (VIR, Russia). Because
NRSP-6 has most of the rarer Peruvian species held by other
genebanks, we used these collections for planning, and con-
centrated on taxa with no or few germplasm collections.

In Peru as in much of Latin America, much of the coun-
tryside is given very specific local names that do not appear
in gazetteers or maps. Many of these names are in native lan-
guages with sounds not common to Spanish or English and
are often transcribed by collectors in different ways. These
names can be extremely useful to collectors by guiding them
to very specific places once near the area, but are most help-
ful when accompanied by other published names of locali-
ties to lead collectors to these places. We determined the
location of ambiguous localities in the field with the help of
local guides who also led us to many wild potato populations.

We assembled locality data with the aid of 1) National
Imagery and Mapping Agency (1995); 2) Instituto Geografico
Nacional, 1:250,000-scale topographic maps (95 maps cover
Peru, currently only the maps for southern and coastal Peru
are available but the others are to be made available in the
next couple of years), 1:100,000-scale topographic maps (504
maps cover Peru, most are available), 3) physical and political
road and topographic maps for all 24 Departments, scales vary
from 1:200,000 (Department of Tumbes), to 1:850,000 (Depart-
ment of Ucayali), 4) Instituto Geografico Nacional (1989). All
available 1:250,000-scale maps (southern and coastal Peru)
and all 1:100,000-scale maps for southern Peru were bought
by NRSP-6 and incorporated in the NRSP-6 library.

We made an altitude map with the GTOPO30 database.
GTOPO30 is a global digital elevation model, provided by the
U.S. Geological Survey (http:/edewww.cr.usgs.gov/land-
daac/gtopo30/gtopo30.html). The resolution of GTOPO30 is
30-arc seconds (approximately 1 kmz). We obtained the
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coordinates for type localities with the National Imagery and
Mapping Agency’s database of foreign geographic feature
names (http:/164.214.2.59/gns/html/index.html) and from the
1:100,000 and 1:250,000 maps. We determined ecoregions for
each type locality by “overlaying” (simultaneously querying)
the type locality map and the ecoregion map, using a geo-
graphic information system.

A jeep was used for the entire expedition, needed for the
many unpaved roads in Peru. Collecting was done mainly on
foot and occasionally on horseback. Local residents led us
to many populations. Longitude and latitude data were
obtained by a global positioning system (GPS) receiver, and
altitudes with an altimeter. GPS readings were taken as dec-
imal fractions of minutes rather than as seconds. We dried
herbarium vouchers in the field, and deposited herbarium
vouchers at CIP, MOL, PTIS, and WAG (herbarium acronyms
follow Holmgren et al., 1990; except PTIS, to appear in the
next edition (Bamberg and Spooner, 1994), and CIP, planned
for submission for inclusion).

Germplasm Collection, Increase, and
Distribution

True seeds were the preferred germplasm collection.
Some sites were visited a second time if true seeds were not
available on the first visit. To ensure a first increase and max-
imize efficiency, all parties agreed to divide the true seeds
between CIP and NRSP-6 when more than 50 true seeds
were available. If true seeds were not available we collected
vegetative material (tubers, plants placed in pots in the field,
stem cuttings). The vegetative collections were transported
and transplanted at the CIP Station in Huancayo every two
weeks to ensure their survival. They will be used for true
seed increases (preferred) or in-vitro increases if true seed
cannot be produced. Germplasm of this first increase will be
distributed among INIA and cooperating Association of
Potato Intergenebank Collaboration (APIC) genebanks for a
subsequent increase and later distribution internationally.

RESULTS AND DISCUSSION

Geographic Analysis

Peru covers 1,299,836 km?. It is divided into 24 depart-
ments (Fig. 1). The Andes mountains cover nearly half of its
territory, with 39% of the country above 1000 m and 24% above
3000 m (Fig. 2). It is ecologically very diverse (Tosi, 1960). This
ecological diversity originates from the influence of the Andes
on the climate. Climate changes with altitude and slope expo-
sure, and there are dramatically different climates at each side
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FIGURE 1.

The 24 Departments of Peru with the six southern Departments

shaded where collections were made in 1998.

of the Andes due to the influence of the cold waters of the
Pacific Ocean and the humidity from the Amazon basin.
There have been several attempts to classify the ecolog-
ical diversity of Peru (e.g., Tosi, 1960; Hueck, 1972; Instituto
Geografico Nacional, 1989; Pulgar Vidal, 1996). The simplest
classification divides Peru into three zones: Coast, Sierra, and
Jungle. However, this division ignores major differences
within the Sierra. Figure 3 shows the ecoregions of Peru. It is
our slightly modified version of the ecoregions map of the
Instituto Geografico Nacional (1989), produced by excluding
minor categories in peripheral areas in the north and south.
This classification suits our goal of exploring generalized
habitats of wild potatoes. Figure 3 delineates the following
zones: “Dry Forest”, on the north coast, with a savanna-like
vegetation; “Desert Coast”, that has hardly any vegetation,
with the exception of riverine gallery forests and lomas (see
below); “Mountain Steppe”, on the western side of the Andes,
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with a mostly xerophytic vegetation; “Puna”, a high and cold
zone above the tree line, dominated by bunch grasses (e.g.,
Stipa ichuw); and at the eastern side of the Andes “High Jun-
gle” and “Low Jungle”, both generally wet and with a natural
vegetation of evergreen forest. The ecoregion with most type
localities is the High Jungle, while the Low Jungle does not
have any (Table 1). Potatoes are absent or rare in the
warmest zones (Low Jungle and Dry Forest). All ecogeo-
graphic interpretations of the diversity in Peru show major
relationships of ecoregions with altitude (Figs. 2, 3).

The annual average temperature in the Low Jungle is
about 25 C. In the Andes, temperature is mainly a function of
altitude. It changes about 0.6 C per 100 meters (Frére et al.,
1975). The lower limit of the glaciers is between about 4600 to
5200 m (Pulgar Vidal, 1996). Because Peru is in the tropics,
temperature changes over the year are small. Contrary to areas
at higher latitudes, diurnal fluctuations are much larger than
seasonal fluctuations and may amount up to 20 C (Troll, 1968).

Precipitation in Peru is largely determined by the effect
of the Andes on the airflow (Frere ef al., 1975). The Low Jun-
gle is very humid with a total annual precipitation above 1500
mm. It rains every month of the year. The lower parts of the
High Jungle are also very humid with 1000-1500 mm rainfall
per year. Going westwards, precipitation declines to 400 and
800 mm/year as the air loses its moisture and passes into the
inter-Andean valleys. Precipitation increases again going up
the subsequent mountain chains of the Puna zone, but total
rainfall in the west is less than that of the east at comparable
altitudes (Brush, 1982). The western flanks of the Andes are
dry. Rainfall in the Mountain Steppe decreases with altitude
to about 200 mm/year or less on its lower slopes and on the
Desert Coast. The rainy season in the Andes is from Septem-
ber to May, with most rain falling from December to March.
During the Peruvian winter, from June to September, there
often is a thick cloud cover over the Coastal Desert. In some
areas this leads to the formation of “Lomas”. These are areas
that due to their altitude and geomorphology are covered in
a heavy fog most of the winter. This generates enough rain to
allow herbaceous vegetation during these months.

Taxonomy Overview

Wild and cultivated potatoes, Solanum L. sect. Pelota
Dumort., are distributed from the southwestern United
States to southern Chile. They range in ploidy levels from
diploid (2n = 2x = 24) to tetraploid (2n = 4x ="48) to hexa-
ploid (25 = 6x = 72), with a few triploid or pentaploid species.
They have been a difficult group to divide into species and

TaBLE l.—Locations of Peruvian type localities by
ecoregion (Fig. 3).

Ecoregion Number of type localities
Desert Coast 19

Dry Forest 2

Mountain Steppe 22

Puna 28

High Jungle (Yunga) 57

Low Jungle 0

higher taxa (series) and lower taxa (subspecies, varieties and
forms). The taxonomic treatments of wild potatoes have dif-
fered greatly among taxonomists regarding number of
species, their division into series, different use of subspecies
or varieties for the same entity, and hypotheses of hybridiza-
tion to account for putative interspecific intermediates
(Spooner and van den Berg, 1992). Indeed, the taxonomic
treatments of potatoes have been so variable that they were
used by Harlan and de Wet (1971) to illustrate the difficulty of
most taxonomic treatments of crops to serve breeders. The
latest comprehensive taxonomic treatment of potatoes by
Hawkes (1990) recognized seven cultivated and 225 wild
species. However nine of these species lack tubers, are mem-
bers of separate clades, and are best treated in sect. Etubero-
sum (Bukasov & Kameraz) A. Child, sect. Lycopersicum
(Mill.) Wettst., and sect. Juglandifolium (Rydb.) A. Child
(Child, 1990; Spooner et al., 1993). This lowers the number of
species of sect. Petota to 216.

Despite a purported great variability in wild potatoes
(Hawkes, 1990), many of the species have a general appear-
ance to the cultivated potato, Solanum tuberosum (Spooner
and van den Berg, 1992). A typical wild potato has leaves pin-
nately dissected (a few species have entire leaves), corollas
various shades of purple (colors vary from white to pink),
corollas pentagonal to rotate (some are stellate), and fruits
spherical to ovoid (some are conical). The dominant taxo-
nomic data have been provided by morphology, with intuitive

Judgments of often minute differences used to separate species.

Computer-assisted multivariate studies of morphological data
from germplasm collections planted in similar environments
have suggested there are many fewer species than 216 (e.g.,
Castillo and Spooner, 1997; van den Berg et al., 1998).

Peru has approximately one-half of the total number of
potato species (Table 2). Their taxonomy including keys,
descriptions, and specimens cited was provided by Correll
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TaBLE 2.—Wild potato taxa accepted for Peru (in bold type) and synonyms according to Hawkes (1990), excepl for S.
brevicaule, see text. Taxa described at or after 1989 and not appearing in Hawkes (1990) are followed by their
date of publication. Author abbreviations follow Brummalt and Powell (1992). The widespread taxa S. acaule
subsp. acaule, S. acaule subsp. punae, S. albicans, and S. brevicaule are not mapped. All names, including
synonyms, are placed in the department containing the type. Synonyms are listed under the accepted name.

Department
(UNK = Unknown) ITaxon

Amazonas (AMA)  Solanum burkartii Ochoa
S. chiquidenum f. amazonense Ochoa, 1994b
S. humectophilum Ochoa
Ancash (ANC) S. anamatophilum Ochoa
augustii Ochoa
chavinense Correll
chomatophilum Bitter
chomatophilum var. subnivale Ochoa, 1994b
dolichocremastrum Bitter
moniliforme Correll
multiinterruptum f. longipilosum Correll
orophilum Correll
rhomboideillanceolatum Ochoa
8. rhomboideillanceolatim var, ancophilum Correll
peloquinianum Ochoa
abancayense Ochoa
aymaraesense Ochoa
chillonanum Ochoa (=S. fenellum Ochoa)
longiusculus Ochoa
marinasense Vargas
velardei Ochoa
Arequipa (ARE} 8. medians Bitter
S. medians var. majorifrons Bitter
S. medians var, majorifrons subvar. protohypolewciom Bitter
S. megistacrolobum f. purpureum Ochoa, 1994b
5. sandemanii Hawkes
S. weberbaueri Bitter
S. weberbaweri var. poscoanum Card. & Hawkes
Ayacucho (AYA) 8. acaule var. incuyo Ochoa, 1994b
S. ayacuchense Ochoa
5. sarasarae Ochoa
Cajamarca (CAJ) S, albicans (Ochoa) Ochoa
S. blanco-galdosii Ochoa
S. cajamarquense Ochoa
8. chiquidenum Ochoa
S. ehiquidenitm var. porconense Ochoa
S. chiquidenum var. gracile Ochoa, 1994b
S. chiquidenum var. robustum Ochoa, 1994b
S. contumazaense Ochoa
S. guzmanguense Whalen & Sagast.
S. mochiquense Ochoa
S. earl-smithii Correll
S. irosinum Ochoa
S. jaenense Ochoa
8. jaleae Ochoa
S. jaleae var, pubescens Correll
S. lopez-camarenae Ochoa
S. nemorosum Ochoa
S. trinitense Ochoa
Cusco (CUZ) S. acaule Bitter
5. acaule var. checcne Hawkes

Apurimac (APU)

hhnnnnn BnnRhnnn®

ZPrior germplasm
collections from
Peru at NRSP-6

8 (AMA, ANC, CAJ, LIM, LL, PAS, UNK)

CcC o oCcocooo

4 (ANC)
0

0

1 (ANC)
see Junin

0
3 (APU)
0
0
0
(

0
See Lima

0
0
2 (UNK)

0
0

O .

19 (ANC, APU, CAJ, HUO, LIM, LL, UNK)
4 (ANC, CAJ, UNK)

2 (CAJ)

5 (CAJ, UNK)

0

0

1 (UNK)

0

See La Libertad

2 (CAJ)
0
See La Libertad

0
0
0

73 (ANC, APU, ARE, AYA, CUZ, HUO, HUV,

JUN, LIM, PAS, PUN, SM, UNK)
Germplasm here includes accessions
undesignated to subspecies.

Map Locality as
shown on Fig. 4

9

]

5

34
31
29
21
23
24
32
33
27
23

22

1 =1 =1 =1 =1 =]
[FEEFSgI -y

[ W=7
oo oo

69
Not mapped
12
13
13
12
7
14
14
14

14
Not mapped
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brevicaule Bitter!

S. abbottianum Juz.

S. amabile Vargas

5. ambosinum Ochoa

8. bukasovii Rybin

S. calcense Hawkes

S. caleense var, wrubamba Vargas

5. canasense Hawkes

S. canasense var. alba Vargas

S. eanasense var. calcense Vargas

S. canasense var, intihuatanense Vargas

S. calcense Hawkes

S. catathrum Juz.

8. coelestipetalum Vargas

S. espinarense Vargas

S. fragarviifructum Hawkes

S. lechnoviczii Hawkes

S. lechnoviezii var. latifolinm Vargas

S. lechnoviczii var, xerophylum Vargas

S. longimucronafumVargas

S, membranaceuwm Vargas

S. multidissectim Hawkes

S. neohawkesii Ochoa

S. ochoae Vargas

5. pampasense Hawkes

S. punoense Hawkes

S. sicuanum Hawkes [= S. pumilum Hawkes,
not S, pumilwm Juz.)

S. soukupii Hawkes

buesii Vargas

hawkesii Card. & Hawkes

incasicum Ochoa

laxissimum Bitter

S. rockefelleri Vargas

. lignicaule Vargas

S. lignicawle var. longistylum Vargas
5. vargasii Hawkes

marinasense Vargas

8. cuzeoense Ochoa

S. marinasense var. dentifolium Vargas
5. pampasense L. glabrescens Correll
multiflorum Vargas
pillahuatense Vargas
raphanifolium Card. & Hawkes
santolallae Vargas

S. sanlolallae var, aculifolivm Vargas
5. santolallae . velutinum Correll
sawyeri Ochoa

S tarapatanum Ochoa

S.
S.

urubambae Juz.
villuspetalum Vargas

Huancavelica (HUV) S. amayanum Ochoa

Huanueco (HUO)

Junin (JUN)

nin

mnm NN ®

S.
s,
S.

. bill-hookeri Ochoa
. gracilifrons Bitter

ariduphilum Ochoa
chomatophilum f. sausianense Ochoa, 1994b
huanucense Ochoa
nubicola Ochoa
salasianum Ochoa
scabrifolium Ochoa
santolallae Vargas
S. elaviforne Correll
acroglossum Juz.
antacochense Ochoa
laxissimum Bitter

168 (ANC, APU, ARE, AYA, CUZ, HUV,
HUO, JUN, LL, LIM, PAS, PUN, UNK)

1(CUZ)
0

0

see Junin

4(CUZ)

See Apurimac

0

0

35 (APU, CUZ, PUN, UNK)
2 (CUZ)

[ B e e I e e e R e e Y o

0
1(HUO)
See Cusco

2 (PAS)
0
1 (UNK)
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Not mapped

M

54

54
48
48
51
26
25
26
25
30
26

28
35
44
41



1999 SPOONER, et al.: PERU POTATO COLLECTION 111

S. neovargasii Ochoa 0 38
S. rhomboideilanceolatum Ochoa 0 45
La Libertad (LL)  S. chiquidenum Ochoa See Cajamarca 158
S. chiquidenwm var. cachicadense Ochoa
S. hastiforme Correll 1 (UNK) 15
S. jalcae Ochoa 0 17
S. mochiquense Ochoa 4 (LL, PILT) 19
S. multiinterruptum var. machaytambinum Ochoa 0 17
5. sogarandinum Ochoa 2 (ANC, LL) 18
§. taulisense Ochoa 0 20
S. yabomambense Ochoa 0 16
Lambayacque (LAM) S. incahuasinum Ochoa 0 8
5. olmosense Ochoa 0 6
Lima (LIM) S. arahuayum Ochoa, 1994a 0 39

S. cantense Ochoa 0 39
S. chancayense Ochoa 2 (LIM) 40
S. chrysoftorum Ochoa 0 39
S. hapalosum Ochoa 0 49
0
0

S. huarochiriense Ochoa 47

S. hypacrarthrum Bitter 46
S. tuberosuwm var. puberulum Hook. f. 46
S. immite Dunal 4 (ANC, LIM, LL) 42
S. immite var. vernale Correll 50
8. mathewsii Bitter 46
S. tuberoswm var. maudtijugum Hook. f. 46
S. chacoense Bitter 0 (not mapped)
8. limense Correll 46
S. medians Bitter 9 (HUO, JUN, LIM, UNK) 46
S. medians var., angustifoliolum Ochoa 36
S. medians var, aulwmanale Correll 43
8. multiinterruptum Bitter 9 (ANC, CUZ, LIM, UNK) 39
5. neoweberbaueri Wittm. 0 46
S. simplicissimum Ochoa, 1989 0 53
S. wittmackii Bitter 0 46
8. tubevosum var, macvanthum Hook. f. 46
S. vavilovii Juz. & Bukasov 46
S. wittmackii var. glaciviride Bitter 46
Pasco (PAS) S. acaule Bitter subsp. punae (Juz.) Hawkes & Hjert. 18 (ANC, APU, AYA, CUZ, HUO, HUV, Not mapped
JUN, PAS, UNK)
S. pascoense Ochoa 1 (JUN) 37
Piura (PIU) S. piurae Bitter 3 (PIU, UNK) 2
S. chomatophilum £. pilosum Correll 2
S. huancabambense Ochoa 5 (PIU, UNK) 2
S. ingaefolium Ochoa 0 1
8. paucissectum Ochoa 3 (PIU) 2
S. raguialatum Ochoa 0 4
Puno (PUN) S. limbaniense Ochoa 1 (UNK) 66
S. megistacrolobum subsp. toralapanum R.B. Giannattasio
& D.M. Spooner 0 70
S. saxatilis Ochoa, 1992b 0 67
S. tapojense Ochoa 0 7
S. yungasense Hawkes 0 (65
San Martin (SM)  S. phureja subsp. hygrothermicum (Ochoa) Hawkes 0 10
Tacna (TAC) S. acroscopicum Ochoa 3 (ARE, TAC) 76
! S. tacnaense Ochoa 0 75
S. weberbaueri Bitter See Arequipa
8. weberbaueri var. decewrrentialafum Ochoa 76

Igee text for provisional synonymy regarding S. brevicaule. In addition to the Peruvian types cited above, our provisional synonymy also includes S. lep-
wpkycs Bitter and S, sparsipilum Bitter, cited by \,cmous authors for Peru but with their types in Bolivia.

2This list does not include the Peruvian germplasm (or synonyms in Hawkes, 1990) for the cultivated species S. curtilobum Juz. & Bukasov (1 acces-
sion), S. phureja Juz. and Bukasov subsp. phureja (3), S. stenolomum Juz. & Bukasov subsp. stenotomum (8), S. stenotomaum subsp. goniocalyx (Juz.
& Bukasov) Hawkes (1), S. fuberosum L. subsp. andigena Hawkes (229), S. tuberoswim subsp. tuberosum (20); or for unidentified accessions (12). It
also does not include S. arace-papa Rybin, shown by Hawkes (1990) to likely represent a mixed collection of S. raphanifolinum Card. & Hawkes x
sparsipilum (Bitter) Juz. & Bukasov or S. multidissectum Hawkes.
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Location of type localities of Peruvian wild potatoes. Numbers correspond to Table 2. Number in parentheses corresponds to

the number of type localities at that location. Some locations were generalized when they were too close to each other to
map separately.
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(1962) and Ochoa (1962). Correll (1967) provided keys and
descriptions. D’Arcy (1993) provided a list of the species. A
revision of the Peruvian species is in press by Ochoa. The
majority of new species descriptions for Peru since 1962 are
from Ochoa (Table 2). According to Hawkes (1990), and
adding taxa described since 1989 (Ochoa, 1989, 1992b,
1994a,b) there are 103 taxa of wild potatoes in Peru, using
our reduction of species in the Solanum brevicaule complex.

Our collections from the 1998 expedition were obtained
along the route shown in Fig. 5 and listed in Table 3. Some of
the species appeared to us to be phenetically distinct and to
be valid species (e.g., S. acaule, S. aymaraesense, S. buesii,
S. lignicaule, S. longuisculus, S. pillahuatense, S. velardei, S.
yungasense), while we question the species status of others.
Below we provide our field observations on the taxonomy of
many of our collections in southern Peru to guide future
workers to potential research problems.

The Solanum Brevicaule Complex

The Solanum brevicaule complex (Ugent 1970a; Grun,
1990) grows from Peru to Argentina. It is named for the ear-
liest described member of about thirty wild species in ser.
Tuberosa that look most similar to cultivated potatoes, and
are their putative progenitors. The complex has perplexed
workers and led to taxonomic treatments that recognized
over 30 taxa (e.g., Hawkes, 1990), or combined many of these
species into two (Ugent, 1966). Hawkes (1990) recognized
the Peruvian species of this complex Solanum amabile, S.
ambosinum, S. bukasovii, S. canasense, S. coelestipetalum,
S. leptophyes, S. multidissectum, S. pampasense, and S.
sparsipilum. Ochoa (1962, 1990, 1992a) recognized S.
ambosinum, S. brevicaule, S. bukasovii, S. coelestipetalum,
S. leptophyes, S. sparsipilum, synonymized S. amabile, S.
canasense and S. pampasense with S. bukasovii, and
reduced S. multidissectum to a variety of S. bukasovii.

As shown by van den Berg et al. (1998) with morpho-
logical data, and Miller and Spooner (in press) with single-
to low-copy nuclear RFLP and RAPD data, the over 30 taxa
of the Solanum brevicaule complex can be divided with
great difficulty into only three groups, one from Peru and
adjacent northwestern Bolivia, one from Bolivia and Argen-
fina, and S. oplocense (that grows in Bolivia and Argentina).
Our formal taxonomic decisions on the S. brevicaule complex
awaits our replication of the morphological study of van den
Berg et al. (1998) in Peru.

Because of these taxonomic ambiguities, we grouped all
of these Peruvian species and synonyms of S. brevicaule for

convenience, without yet implying a formal taxonomy (Table
2). Because they are the more common and weedy members
of sect. Petota they represent the major holdings of the
world’s genebanks (Table 2) and therefore were not part of
our collecting goals.

Cultigens and Relationship to the Wild
Species

The similarity of the S. brevicaule complex to the culti-
vated species often makes the distinction between wild and
cultivated potatoes vague. This is especially true in Peru and
Bolivia where the cultivated species are hypothesized to be
either recent derivatives or products of ongoing hybridiza-
tion with members of the S. brevicaule complex (Grun, 1990;
Hawkes, 1990).

We encountered two Quechua (a Peruvian indigenous
people) terms for potatoes that illustrate very well the diffi-
culty of distinguishing wild from cultivated species. Appar-
ent cultivars with large tubers that are weedy and persistent
in cultivated fields and are referred to by the name “arakka”.
Arakka potatoes are common throughout much of Bolivia
and Peru. This is contrasted with “siwa” or “sihua” potatoes,
Quechua names of apparent cultigens that have escaped and
persist naturally outside cultivated fields. Yet a third Que-
chua name is “kita papa” for wild potatoes, not cultigens.
Often, the only feature useful to distinguish cultivated from
wild potatoes are large tubers, short stolons, and the fact that
they are cultivated.

Tuber sizes vary greatly among both wild and cultivated
species, however, and some putatively “wild” species have
tubers matching or exceeding some cultivated ones (e.g., the
Ecuadorian species S. burtonii Ochoa or the Bolivian species
S. candolleanum P. Berthault). Further complicating the dis-
tinction between cultivated and wild species is the great vari-
ability among the cultivated species mirroring that of similar
(or indistinguishable) putative progenitors in the S. brevi-
caule complex. Van den Berg et al. (1998) documented that
vegetative morphology, exclusive of tuber morphology, was
unable to distinguish the cultivated species S. tuberosum and
S. stenotomum from many members of the S. brevicaule
complex. These results were concordant with molecular data
of the same accessions (Miller and Spooner, in press).

The lack of agreement among taxonomists in the S. bre-
vicaule complex is mirrored in lack of agreement regarding
treatment of the cultivated species. At one end of the
extreme, Dodds (1962) recognized only three cultivated
species, with five informal “groups” within one of them, S.



114

74°

AMERICAN JOURNAL OF POTATO RESEARCH

Vol. 76

70°
I

12°

14°—

16°—

18°—

17
t_: . Tt -, JEen
. & 6 LS o T P
ST W e & . h,REL L geT i
T 3 ; j
= 11 13 ity
T 12, @14 ; -]
5 { . 19
\\ s

; Route of the 1998 expedition

in southern Peru, and generalized
.. | collecting areas

—16°

kilometers

, 18°
100 200 B

—12°

14°

FIGURE 5.

70°
4

Route of the 1998 expedition in southern Peru, and generalized collecting areas corresponding to Table 3.




1999

TABLE 3.—Summary of wild potato (Solanum sect. Petota)

Coll.
no.

7201
7202
7203
7204
7205
7206

7207
7208
7200
7210
7211
V212
7213
7214
7215
216
217
7218
7219
7220
7221
7222
7223

7224
7225
7226
7227
7228
7229
7230
7231
7232
7233
7234

7235
7236
7237
7238
7239
7240
7241
7242
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and oulgroup species S. suaveolens (Solanum

sect. Basarthrum /[Bitter] Bitter) and S. lycopersi-
coides (Solanum sect. Lycopersicum [Mill. ]
Wettst.) germplasm collections made on the 1998
potato collecting expedition to Peru, and general-
ized map localities as illustrated on Fig. 5.
Germplasm

mature/ new/mno.
possibly mother

No.

fruits
Map
locality
(Fig. 5) Species
26 Solanum tuberosum 0
25 S, acaule 2/2
20 5. suavenlens 9
20 S yungasense 0
19 S. limbaniense 272
21 S megistacrolobum 15

subsp. toralapanum
18 8. raphanifolium 25
17 8. raphanifolium 0
10 8 marinasense 15/15
10 S raphanifolivim 0
7 S lignicaule 1/9
7 S brevicaule 6/10
4 8 brevicaule 0
4 S tarapalanum 0
4 8 lignicaule 0
4 S tarapatanum 0
3 S wrubambae 0
3 S lavissimaum 0
5 S brevicaule 1/5
6 S pillahualense 0
13 8. brevicaule 3
13 S lignicaule 53
13 S tuberosum subsp. 6
andigeni
13 S lignicuale 0
1 S mudtiflorum 0/3
I S mudtiflorum 0
3 S santolallae 3
3 S santolallae 15
3 S buesii 13/5
3 S buesii 3
3 S villuspetalum 0
3 S buesii 5
3 S buesii /6
3 S raphanifoliuvm 30
(S. incasicun)

3 S buesii 65
2 8 sawyeri 0
2 8 santolallae 0
2 S sawyeri 0
12 S chillonanwm 15
8 S velardei 2
9 S abancayense 0
11 S marinasense 0

No.

20
0
0

35/0
0
U

0
G/0
0
0
0/3
0
10
4
6/G
4

| S e T = A s T e e

—
o]

o= R e o Y e e Y s Y s s Y e e Y

for
later
immature tubers planting

0
0
0
10
14

20
20

15

0

20
20

Cowooo ooowuwoo

[==R =2

No. stem No. young
tubers cuttings plants
placed in
pots in
field

[T =T B -~

oo Ccocoooooo

=

c oo oo

=

7243 30 S acroscopicium  14/16 0 0 0
724y 29 S lycopersicoides 100 0 0 0
7245 28 S acaule 15/20 0 0 0
7246 28 S tacnaense 0/6 0 10 0
7247 28 S sp. 12/10 0 0 0
7248 27 S sp. 45/99 15 0 0
72409 26 S sp” 10/35 1 0 0
7250 24 S. sandemanii 40 30 0 0
7251 24 8. sandemanii 0 30 0 0
7252 23 S sandemanii 45/50 88 0 0
7253 22 S acaule 152 0 0 0
7254 22 S.megistacrolobum 2 30 5 0

subsp.

megistacrolobum I,

purpurenm
7255 16 S longiusculus 2 0 5 0
7256 16 S sp. 2 10 0 0
7257 15 S. aymaraesense 4 1 0 0

tuberosum. At the other end, Ochoa (1990) formally recog-
nized seven cultivated species and 141 infraspecific taxa
(subspecies, varieties and forms, including his unlisted
autonyms) for Bolivia alone. Hawkes (1990) recognized
seven cultivated species and seven infraspecific taxa (includ-
ing his unlisted autonyms) for all of sect. Petota.

This shows a persistent problem in identifying cultigens.
For example, Ochoa (1992a) identified the Venezuelan “wild”
species S. paramonese Bitter to be S. tuberosum subsp.
andigena Hawkes. Likewise, Hawkes (1990) recognized the
Colombian “wild” species S. estradae L. Lopez as a variety of
the cultivated species S. phureja, and the Peruvian “wild”
species S. apurimacense as a synonym of S. tuberosum
subsp. andigena. Likewise, our field work showed the south-
ern Peruvian “wild” species S. acroscopicum (7243) and S.
sawyeri (7236, 7238) to be vegetatively similar to many
cultigens. The former grows in weedy situations near culti-
vated fields, while the latter grows among coffee and fruit
plantations. If they were collected in cultivated fields they
possibly would be identified as one of the cultivated species.

These taxonomic problems provided difficulties in the
identification of many of our collections. We identified our
collections as S. acroscopicum (7243) and S. sawyeri (7236,
7238) because they were found at the type localities or
where they were listed by Correll (1962). We identified our
collections 7212, 7213, 7219, 7221 as S. brevicaule because
they were generally smaller plants usually found away from
cultivated fields. We identified our collections 7201 and 7223
as S. tuberosum because they were found in cultivated fields
and had colored tubers similar to some cultivated species.
Our collections 7247, 7248, 7249 were robust plants col-
lected at the margins of cultivated fields; we do not know if
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they are cultivated or wild, and we did not identify them to
species. Many populations are ambiguously identified as
members of the S. brevicaule complex or cultivated species
and were commonly encountered on our expedition. They
illustrate the difficulty of distinguishing wild from cultivated
species.

The lack of clear distinctions among wild and cultivated
species, and possible ongoing hybridization between them
(Ugent, 1970a; Johns et al., 1987; Grun, 1990; Hawkes, 1990)
makes the search for a species-specific progenitor of culti-
vated potatoes likely an impossible task (Miller and Spooner,
1998; Van den Berg ef al., 1998). Additionally, it makes the
direction of derivation difficult or impossible to discover, as
some “wild” species “progenitors” may equally likely be
recent escapes from cultivation. We suggest that current tax-
onomies in sect. Pefota recognize too many species, and that
future interpretations will recognize far fewer species than
the 232 recognized by Hawkes (1990).

Solanum ser. Conicibaccata

Solanwm series Conicibaccata Bitter contains 40 of the
225 tuber-bearing species recognized by Hawkes (1990), and
is the second largest series in sect. Pefola in Peru after series
Tuberosa. Species are distinguished largely by conical fruits,
although conical fruits also are present in species in series
Circaeifolia Hawkes, Demissa Bukasov, and Pinnatisecta
(Rydb.) Hawkes. Members of series Conicibaccata are dis-
tributed from southern Mexico to northern Bolivia, and
include diploids, tetraploids, and hexaploids. Peru contains
one-half of these species, with those nine in brackets from
our collection area in southern Peru (S. ayacuchense, [S. bue-
sii], S. burkartii, S. chomalophilum, S. contumazaense, S.
irosinum, S. jaenense, |S. lavissimum], [S. limbaniense],
[S. madtiflorum], S. nemorosum, S. neovargasii, S. nubicola,
[S. pillahuatense], S. salasianum, [S. santolallae], S.
trinitense, [S. wrubambae), [S. villuspetalum], [S. viola-
ceimarmoratum]). All Peruvian species with known chro-
mosome numbers are diploid except S. nemorosum
(hexaploid), and S. nubicola (tetraploid).

Morphological and chloroplast DNA (epDNA) studies of
Castillo and Spooner (1997) showed: 1) there likely are many
fewer than 40 species in the group, 2) the tetraploids and
hexaploids form a distinct clade by cpDNA data and a dis-
tinct phenetic group by morphological, data from the
diploids, 3) some species (S. chomatophilum, S. contu-
mazaense, S. irosinum) are likely members of series Piru-
ana, not ser. Conicibaccata. However, this study was

Vol. 76

hindered by big gaps of germplasm representation from Peru,
with the Peruvian species S. ayacuchense, S. burkartii, S.
Jaenense, S. multiflorum, S. nemorosum, S. neovargasii, S.
nubicola, S. salasianwm, S. trinitense, and S. villuspetalum
unavailable as germplasm.

We collected germplasm at the type localities of S. bue-
sii, S. limbaniense, S. multiflorum, S. pillahuatense, S.
wrubambae, and S. villuspetalum, and collected plants that
could be identified as S. santolallae or S. violaceimarmora-
tum (Table 3). Solanwm buesii and S. pillahuatense are dis-
tinct from the others. All the remaining species, however, are
difficult to distinguish one from the other (Correll, 1962).
Most similar, and possibly conspecific, are S. laxissimum
and S. santolallae; separately S. multiflorum, S. urubambae,
and S. villuspetalum.

Solanum Series Megistacroloba

Solanum hawkesii and S. raphanifolium were placed
in series Megistacroloba Card. and Hawkes by Correll (1962)
and Hawkes (1990), and S. raphanifolium in series Megis-
tacroloba by Ochoa (1962). Solanum incasicum was not
described until 1981, and was placed by both Ochoa (1981)
and Hawkes (1990) in ser. Tuberosa. Our collections at the
type locality of S. incasicum (7235) lead us to suspect it is a
synonym of 8. raphanifolium. It is an abundant species
there. It matches the habitat of S. raphanifolium (growing
in high-elevation grasslands and among shrubs), leaf mor-
phology (many, but not all of the lateral leaflets are highly
decurrent), corolla morphology and color (pentagonal, pur-
ple), and fruit morphology (spherical to oval). Similarly, col-
lection 72.35 is especially similar to the published description
and photo of S. incasicum by the dense pilose leaves with
sinuate-crenate margins, large purple corollas, and spherical
fruits. The lateral leaflets of 72.35 (four sheets collected) vary
in shape from ovate to elliptic-lanceolate, with the latter fit-
ting the description of S. incasicum. Ochoa (1962) recog-
nized the great variability of S. raphanifolium and used eight
photographs to illustrate it. We think S. incasicum is yet
another variation of S. raphanifolium. Our final determina-
tion of synonymy will depend on inspecting the type of S.
incasicum, that unfortunately has not been placed in a pub-
lic institution and is not yet available publicly. However one
of our four collections (at PTIS) is a close match of a photo
of the type (Ochoa, 1981) leading us to suspect that this syn-
onymy is inevitable.

Similarly, in agreement with Ochoa (1992a), we believe
S. hawkesii to be a synonym of S. raphanifolium. Its type
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matches variability in S. raphanifolium (compare the type
of S. hawkesii, Fig. 118 of Correll [1962] to Fig. 38 of Ochoa
[1962]). We searched unsuccessfully for S. hawkesii at its
type locality in Cusco Department, below Machu Pichu, at
2000 m (area 54, Fig. 5). The type was collected much lower
than is typical for this species (2800-3800 m; Correll, 1962;
Ochoa 1962; Hawkes, 1990). It is possible that the type spec-
imen has a labeling error.

We collected the first available germplasm collection of
S. megistacrolobum subsp. megistacrolobum f. purpureum
(7254) and the first available germplasm collection of S.
megistacrolobum subsp. toralapanum (7206) from Peru.
The latter is here documented for the first time in Peru. The
identity of S. megistacrolobum in Peru has been confused in
the literature. It was first reported to occur in Peru by Correll
(1962), but as shown by Ochoa (1962) these likely were
misidentifications of S. megistacrolobum-like morphotypes
of S. raphanifoliuwm. It was later reported for southern Peru
by Ugent (1970b), in the Department of Cusco, that similarly
were likely misidentifications of S. raphanifoliwm. The only
other report of S. megistacrolobum from Peru was by Ochoa
(1994b) who described the new taxon S. megistacrolobum f.
purpureum from the adjacent department of Arequipa.
Ugent (1970b) proposed Peruvian populations of “S. megis-
tacrolobum” (likely S. raphanifolium) to hybridize with S.
canasense to form S. x raphanifoliuwm. This hybridization
hypothesis was discounted by Spooner ef al. (1991) with
chloroplast and nuclear ribosomal DNA restriction site data
and Giannattasio and Spooner (1994) with single- to low-
copy nuclear DNA restriction site data. However, both of
these later two studies used S. megistacrolobum from adja-
cent Bolivia because germplasm of S. megistacrolobum was
not available from Peru.

Solanum Yungasense

Hawkes (1954) first reported the chromosome number
of S. yungasense as (2n = 24). This species was first
reported for Peru by Ochoa (1984) who reported a triploid
chromosome number of the species of 2n = 36. Ochoa
(1990) later reported chromosome numbers of §. yun-
gasense as 2n = 24, 36. He cited no vouchers and it is
unknown if these are from Bolivia or Peru. The only other
reports of S. yungasense were from adjacent Bolivia in the
Province of La Paz (Hawkes, 1954; Hawkes and Hjerting,
1989; Ochoa, 1990; Spooner et al., 1994). The first available
germplasm collections of S. yungasense were made by
Spooner et al. in La Paz Province in Bolivia in 1993 and 1994

(Spooner et al., 1994). They reported variation in ploidy
from 2n = 24 (from plants with tubers with tan-colored skin)
and 2n = 36 (from plants with purple skin). Our first avail-
able Peruvian germplasm collections of this species (7204,
with tan skin) will allow similar comparisons of tuber color
and ploidy.

Plans for Future Collecting

The many uncollected or under collected wild potatoes
from Peru are distributed throughout much of the Andes
mountains (Table 2, Fig. 4). Our collecting goals in southern
Peru were largely met on the 1998 expedition. Solanwm sax-
atilis occurs in one location in the department of Puno. We
searched for this species at its exact location (originally col-
lected by Salas) at the beginning and at the end of the expe-
dition but it did not grow there. We similarly could not locate
S. tapojense at its type locality in Puno Department. We were
not able to collect all documented populations of S. tac-
naense because of a drought in the department of Tacna.
These will be sought again on later expeditions. Our next
plans are to collect in the species-rich departments of
Ancash, Huancavelica, La Libertad, and Lima.
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Postscript:

CIP recently obtained taxonomic identifications for
some of their accessions that previously were listed as unde-
termined. Two of these species are S. urubambae and S.
velardei. All other accessions we list as new germplasm col-
lections were here collected as germplasm for the first time.
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