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The potato

M.T. Jackson

The potato produces more edible energy and protein per hectare and per unit of time
than probably any other crop. Originating in the Andes, its cultivation is now
widespread. Rapid technological progress is stimulating production in non-traditional
environments

The potato, Solanum tuberosum ssp. tuberosum, is
the most important root crop grown in the world
today. Annual production has been estimated at 285
million tonnes, and the potato is the fourth most
important crop after wheat, maize, and rice.
Although the potato originated in the Andes of
South America, it has achieved its greatest exploita-
tion in the industrialised countries of the northern
hemisphere. This is really quite remarkable since it
was introduced into Europe only about 400 years
ago, and it did not become an important crop plant
here until the 18th century.

It is a member of the family Solanaceae, as are the
tomato, pepper, eggplant, and tobacco. Unlike other
solanaceous plants, potatoes reproduce both sex-
ually and asexually through tubers. The tuber is an
underground stem, much enlarged and modified as
a food storage organ, with minute scale-like leaves
and buds (the ‘eyes’). Tubers arise as swellings
between the terminal bud and the penultimate

"expanding internode of underground stems or
stolons.

The potato is adapted to temperate climates. In the
tropics of South America it is an indigenous crop of
the cool temperate zones of the high altitudes in the
Andes (2000-3800 m). Here, however, it is adapted to
a short-day photoperiod of approximately 13 hours,
under which it tuberises. In the northern hemis-
phere, the potato underwent intense selection and
adaptation to a daylength of up to 17 hours, and in
the process became differentiated from its Andean
progenitor, S. tuberosum ssp. andigena.

The potato gene pool

Solanum tuberosum is a tetraploid plant with a
somatic chromosome number of 2r = 48. The gene-
tic base of varieties selected in the northern
hemisphere is rather narrow, but in South America,
and particularly in Peru and Bolivia, there are eight
other cultivated species (table 1) represented by
several thousand distinct genotypes, some of which
are shown in figure 1. These cultivated forms
represent a classical polyploid series with diploids,
triploids, tetraploids and pentaploids. In addition to
the cultivated species, there are almost 200 wild
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Figure 1. Tubers of primitive potato varieties from Peru.
(Source: Ford-Lloyd, B. V. and Jackson, M. T. (1986)
Plant genetic resources. London: Edward Arnold.)

tuber-bearing species, all classified in the genus
Solanum Section Petota. Within Section Petota,
there are 18 taxonomic groups or series, but by far
the largest is Series Tuberosa, which contains all the
cultivated forms and the majority of the wild
species. Wild potatoes range in ploidy from diploid
to hexaploid.

tivated species of potatoes

Species Ploidy Distribution

8. stenotomum 2x Central Peru and Bolivia

S. goniocalyx 2X Central Peru and Bolivia

S. phureja 2% Venezuela to northern Peru

S. X ajanhuiri 2x Southern Peru to northern Bolivia

8. X juzepczukii 3x Central Peru and Bolivia

8. X chaucha 3x Central Peru and Bolivia

8. tuberosum
ssp. andigena 4x Venezuela to northern Argentina
ssp. tuberosum 4x Chile/worldwide

8. curtilobum 5% Central Peru and Bolivia
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only known as dried herbarium specimens, have
been rediscovered. The most important collection
of wild species is at Sturgeon Bay, Wisconsin, in the
USA, and other collections are located at the
Scottish Crop Research Institute, Edinburgh (the
Commonwealth Potato Collection), and in West
Germany. A large working collection of about 120
wild species and cultivars is held under licence from
MAFF at the University of Birmingham, and is used
for pre-breeding and taxonomic research.

In the UK, the principal breeding programmes are
located at the Scottish Crop Research Institute, and
the Plant Breeding Institute, Cambridge. Potato
breeding priorities are influenced by the require-
ments of the processing industry, and the need to
improve potato quality, but resistance to late blight,
viruses and cyst nematodes remains important.

Undoubtedly the potato is one of the best exam-
ples of germplasm utilization in plant breeding, and
this contrasts with the situation in other major
crops where the wild species genepool is much
smaller. Crossability relationships between culti-
vated and wild species have been determined, and
this information is used by potato breeders to
assess the chances of success of inter-specific
hybridization before the costly process of germ-
plasm utilization actually begins.

Perhaps the earliest utilization of a wild species
was the transfer of resistance to late blight from the
wild Mexican hexaploid species, S. demissum,
which was used for many years as a source of
R-gene race specific resistance. Nowadays, breeders
are using sources of horizontal or field resistance
which has been found in both wild species and
primitive tetraploid varieties from South America,
and which seems to be a more durable type of
resistance.

A particular success story in germplasm utilization
is the incorporation of resistance to bacterial wilt
from the diploid cultigen S. phureja. This resistance
was discovered in a germplasm collection in Col-
ombia in the late 1960s, and has been used to breed
wilt-resistant varieties, which also have resistance
to late blight. Such varieties are beginning to have a
major impact in the warm tropics, in Peru, Central
America, Rwanda and Burundi, and in the Philip-
pines.

Resistance to PVX and PVY has been found in two
tetraploid wild species, S. acaule and S. stolo-
niferum; the former species is also a source of
frost-tolerance genes. S. vernet, a diploid from
northwest Argentina, closely related to S. tuber-
osum, is the species commonly used for resistance
to the cyst nematodes. Although the use of wild
species presents breeders with some problems,
such as long stolons and high glycoalkaloid content
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Figure 4. Part of the World Potato Collection of the
International Potato Center, planted at Huancayo,
central Peru, at 3000 m. (Source: International Potato
Center.)

for instance, which must be eliminated by a pro-
tracted programme of backcrossing, the incorpora-
tion of genetic resistances cannot be stressed too
highly. In doing so, the potato has the potential to
become a crop of the small, peasant farmer in the
developing world.

Potatoes and biotechnology

The application of biotechnological strategies offers
considerable promise in several ways for potato
improvement. Tissue culture methods have been
used in recent years for the rapid propagation or
potatoes. Meristem culture is used to eliminate virus
and other tuber-borne diseases from varieties which
have undergone severe degeneration. Another
aspect concerns the routine application of tissue
culture for the conservation of germplasm, by
growth on minimal media, which slows down the
growth of cultures, with the advantages that this
brings in terms of less-frequent subculturing.

Even though diversity exists in primitive cultivars
and wild species, there has been recent interest
amongst potato breeders in somaclonal variation
for varietal improvement. The plants regeneratea
from leaf mesophyll protoplasts of several potato
varieties have shown diverse variation patterns, ana
it is hoped to select variants which are essentially
the same as the mother plants, but which manifesi
an improved quality, say for disease resistance. For
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