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II Collect, maintain and distribute germ plasm in 
order that it may be used nationally and inter­
nationally; 

III Provide assistance in the development of re­
lated institutions which might be established 
in Peru or headquartered elsewhere; 

IV Train potato technicians under the leadership 
of hiLgh-level scientists; 

V Publish and distribute research results; 

VI 	Establish an information center and organize a
 
specialized library, as well as an herbarium;
 

VII 	Organize conferences, forums, round tables and
 
seminars, both nationally and internationally
 
concerning potato improvement activities;
 

VIII 	Participate in all other activities related to
 
the goals of the Center.
 

To accomplish these objectives sound research and
 
outreach strategies have been developed. Although Depart­
ments have been organized for administrative convenience
 
along disciplinary lines, i.e. Breeding and Genetics, Nema­
tology, Outreach and Training, Pathology, Physiology, Taxo­
nomy, and Support, research projects are commonly inter­
disciplinary and are integrated into ten Thrusts or goals.

Forty-seven research projects were either continuing or
 
initiated in 1974. Guidance in determining Thrust objec­
tives and priorities is provided through Planning Confer­
ences. The concepts and expert advice of some of the
 
world's top potato specialists thus augments and influences
 
CIP's research policy.
 

in the early stages if planning CIP chose to support

specific research projects at outstanding institutions and
 
universities where expert personnel, equipment and facili­
ties already existed. Through Core funding, administered
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as part of Departmental research budgets, eleven Research
 
Contracts are being supported at universities and institu­
tions in England, the Netherlands, Peru, Sweden, and the
 
United States. The expertise and facilities of many out­
standing teams are thus directly involved in solving re­
search problems.of mutual interest. Through Memoranda
 
of Agreement CIP also supported projects in Bolivia, Co­
lombia (2), Costa Rica, Ecuador, Ethiopia, Mexico and Ni­
geria during 1974. Through these Agreements useful data
 
on field evaluation of clonal selections are being obtained.
 

THE POTATO
 

Biological Facts
 

In the 1973 Annual Report an historical perspective
 
of the potato was presented. The following brief account
 
of some of the biological attributes of the potato is in­
tended merely for convenient orientation to some of the
 
research results presented in this Report.
 

There are approximately 2,000 species of Solanum of
 
which only two tuberosum subspecies of the 150 tuber­
bearing types have been extensively exploited as a source
 
of food. As the fourth most important food plant of man
 
- after the cereals wheat, maize and rice - the potato is
 
*he most extensively grown crop which is propagated vegeta­
tively.
 

The nutritious tuber is actually stem modified for 
indergzound storage. The "eyes", which are spirally ar­
ranged are rudimentary shoot buds. Following varying
 
periods of dormancy, or after chemical treatment, several
 
of the buds become active and elongate as shoots or sprouts.
 
The practice of inducing sprouting before planting is known
 
as "chitting".
 

The white, red, to blue skin or periderm of the tuber
 
consists of three types of tissue, one of which has the
 

http:problems.of
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capacity to generate more outer protective cells as the
 
tuber enlarges. When a tuber is cut, or when invaded by
 
certain organisms the exposed cells have-the potential to
 
divide and form a protective wound periderm. Thus, when
 
tubers are cut for seed and allowed to cure for a short
 
period a resistant wound periderm forms to protect the cut
 
surface.
 

Tissue and Meristem Culture
 

The vegetative regenerative capacity of the potato
 
is being widely used to accelerate its propagation. For
 
the first time a CIP scientist, Dr. W. Roca, has been able
 
to generate embryonic potato plantlets from free tuber cells
 
grown as a suspension in liquid culture medium. This "tis­
sue culture" technique and modifications of it will permit
 
the production of large numbers of virus free embryo plant­
lets in culture flasks. These plantlets are later asepti­
cally transferred to solid media and finally to soil in
 
pots.
 

The vegetative generative capacity of the potato 
plant is also being exploited in a number of other ways by 
CIP. The technique of "meristem culture" whereby a micro 
sample of a shoot tip is transferred to culture medium is 
now a well-established method of eliminating a number of 
degenerative viruses. "Stem cuttings", which are branch­
lets 2 to 3 inches in length, are rooted giving 40 or 50 
additional plants from each of which more branchlets can 
be excised. In one year up to one ton of tubers can be 
produced from a single tuber. From sections of tuber 
sprouts it is also relatively easy to generate small 
tubers in sterile culture. These cultured tubers, which 
have been useful in studying several diseases in the lab­
oratory, can be used to export disease-free seed to de­
veloping countries. 

"True"Seed
 

John Holt observed in 1795 that, "great attention
 
is paid to raising new sorts of the best qualities from
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seeds ...... which grow upon the stems". The sexual cycle
 
of the potato, of which the flower is the essential com­
ponent, culminates in the production of green berries, not
 
dissimilar to small, immature tomatoes. The "true" or
 
"botanical" seed contained in these berries germinate to
 
produce seedlings. Through the sexual cycle new genetic
 
combinations arise so that each seed, and therefore each
 
seedling, is genetically different. After making appro­
priate crosses, by the artificial transfer of male pollen

from one flower to the receptive female structure of an­
other flower, the potato breeder is then confronted with
 
screening the seedling progeny arising from the crosses.
 
Through careful selection of parental lines it is possible
 
through sexual crosses to enhance particular characters
 
such as disease resistance, yield and quality. Seedling
 
lines resulting from a multiple crossing sequence may
 
eventually be selected for more rigorous testing leading
 
to the introduction of new potato varieties.
 

Potato clones under observation at CIP mature in
 
75 to 150 days. This wide range in maturity permits the
 
selection of clones with a short interval from planting
 
to harvest that can be used in a rotation sequence with
 
rice or other cereals. In other situations a relatively
 
long interval between planting and harvest reduces the
 
seed storage period in regions where only one crop a year
 
can be grown.
 

Nutritional Quality
 

Potatoes constitute a dietary item in over 100 
countries, testifying to the wide adaptation of this crop.

In terms of its nutritional potential, the potato ranks
 
first among the 10 major food crops in calorie production
 
per unit area per day, and second to soybeans in protein

production per unit area. In per diem protein production
 
per unit area the potato ranks fourth after soybeans,
 
beans and peas. The superior production of both calories
 
and protein per unit area per day over the major cereals
 
is largely unappreciated. In addition, the potato is also
 
an excellent source of vitamin C and the vitamin B group.
 



The balanced protein - calorie composition, the nutritious 
quality of the protein, and the relatively rapid growth 
makes the potato an ideal food complement to cereal crops 

in multi-crop sequences. 

FACILITY DEVELOPMENT
 

The interactions of latitude, altitude, air mass
 
movement and ocean currents cause strikingly different 
climatic zones in Peru. Advantage has been taken of these 
unique climatic zones within 60 miles of latitude 120 S 
to develop three environmentally different experimental 
field sites. The daylength range above an intensity of 

10.8 lux (1 foot candle) is 12 hours 6 minutes (June 22)
 

to 13 hours 20 minutes (December 22). 

Altitude Rainfall Temperature 

Location Climate meters (mm) Range C 

La Molina sub-tropic desert 240 11 8 to 30 

Huancayo temperate sierra 3,300 743 -5 to 27 

San Ram6n humid tropic selva 800 2,005 16 to 32 

La Molina
 

During 1974 additional facilities were added to head­

quarter installations at La Molina. Two Lord and Burnham
 

spun fiberglass greenhouses were erected on concrete bases.
 

Each greenhouse has an area of 80m 
2; one is air-conditioned
 

to maintain a temperature below ambient while the other has
 

forced air ventilation and is equipped with an oil heater
 

for maintaining above ambient temperatures during winter.
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Pre-earthquake view of CIP headquarter building, La Molina, Peru
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Recently installed walk-in and reach-in controlled
 
environment chambers
 

P
 

Plastic fabricated greenhouses for virus research 
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An open concrete and brick vehicle service center
 

with a grease-pit and two adjacent bays, enclosed tool room,
 

storage room and adjoining rabbit housing has been completed.
 

The rabbit facility is for the maintenance of rabbits for
 

antisera production used to index potato viruses. A con­

crete car-wash ramp has also been built beside the service
 

center. An extensive concrete apron provides an efficient,
 

clean area for vehicle parking and general servicing of
 

screenhouse, growth chambers, warehouse, and soil storage
 
bunkers.
 

The construction of a building to house growth cham­

bers was initiated in mid-year and completed except for inte­

rior finishing by year-end. Four controlled-environment
 
"Conviron" walk-in-chambers with a growing area of 36 square
 

feet were purchased in 1974 and are being installed. One
 

chamber is equipped to operate to -7
0C to permit studies on
 

cold hardiness. Six reach-in chambers having 9 square feet
 

of growing area have been received and are ready for instal­

lation. Two of these can be operated down to 5*C with full
 

light.
 

Intensive planning was initiated in 1974 for an ex­

tension to the headquarter office and laboratory building
 

which was originally donated by the government of Peru. In
 

addition to expanding laboratory and office space the new
 
wing will house an electron microscope and ancillary equip­
ment, conference and other facilities for the Outreach and
 
Training Program as well as a dormitory for trainees.
 

San Ramon
 

An area of approximately four hectares at this site
 

provides an adequate area for initi&l field trials of pota­

to adaptation to the humid tropics. Early trials have con­

firmed that a number of clones are readily adapted to this
 

hot humid environment. Since it is the intent to use the
 

land at San Ram6n only as a temporary site before moving
 

to progressively lower locations in the selva, no perma­

nent installations are envisioned at present.
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Huancayo
 

CIP's major field research facilities are located in
 
the high Mantaro Valley near the city of Huancayo. During
 
1974 construction of the following permanent buildings was
 
undertaken:
 

- Single-story, six-room home for the Superintendent 
with attached double-occupancy rooms and dining 
area for eight scientists or trainees. 

- A laboratory building containing four multiple­

purpose laboratories, offices, library and two 
conference-training rooms (area, 460 square 
meters). 

- Potato storage for germ plasm material. 

- Headhouse with an office and soil storage bunkers 
to service six pre-fabricated greenhouses. 

- Car-equipment maintenance and storage building.
 

These buildings will be completed and in use in
 
early 1975. Additional greenhouses, an expanded potato
 
storage, and staff bungalows are projected over the next
 
year or so.
 

THRUSTS
 

"Thrust", derived from Middle English means: "to 
extend, as in growth". Thrust is an appropriate term to 
provide a mental image of an action - oriented, progressive 
research program. Thrusts also provide a framework for the
 
organization of research projects into convenient units.
 
While five Research Departments serve an administrative
 
function of grouping personnel and allocating project fund­
ing, Thrusts serve to bridge disciplines essential for a
 
team approach to solve reserach problems.
 



-18-


Every effort is made in Research to respond to the
 
production problems encountered by Outreach. Since Outreach
 
activities 	are integrated with Research, it is natural to
 
include Outreach projects as one of the Thrusts. 
 In sum­
mary, the Thrusts are concerned with; systematics; germ

plasm utilization; control of fungal, bacterial, and viral
 
pathogens; control of nematode and insect pests; adaptation

to environmental stress; improvement of quality; village

scale processing; seed production technology; and, outreach
 
and traini:.g.
 

I. SYSTEMATIC COLLECTION, CLASSIFICATION, MAINTENANCE 
AND 	 DISTRIBUTION OF ALL TUBER-BEARING 

SOLANUM SPECIES 

Collection
 

The strategy being followed by CIP in the systematic

collection of potato germ plasm was developed at a Planning

Conference held in December 
1972. The initial effort is
 
being put into the intensive collection of native cultivars

in the Andean Region. In 1974, emphasis was given to unex­
plored or little known zones such as 
the Eastern 	region of

the Department of Puno, the highlands of Lima Department

and the North-Central areas of Peru, and to regions in which
 
the greatest genetic erosion is occurring such as in the
 
Northern Peru and in the Sierra de Los Cuchumatanes in Gua­
temala.
 

More than 2,800 accessions of cultivated samples
 
were collected during the present year by 10 expeditions. In
 
addition to the CIP expeditions organized by Ing. Carlos
 
Ochoa, the Center collaborated with an expedition led by Dr.
 
J.G. Hawkes 	and funded by the government of The Netherlands.
 

The explorations and collections made in the Depart­



Material introduced into CIP Germ Plasm Collection in 1974
 

Type of Material 


Stocks from
 

other 


collections
 

Native cultivars 


from 1974 CIP 


expeditions 


Wild species from 


other collections 


and from CIP 


expeditions
 

Hybrids from
 

breeding programs
 

Donor 


Instituto Colom-

biano Agropecua­
rio
 

Universidad Nac. 

Tecnica del 

Altiplano
 

Universidad Nac. 

Agraria (Peru)
 

Dutch Expedition 


Sturgeon Bay, 

Wisconsin
 

Wageningen 


New York 


Wisconsin 


C.Ochoa 


Collector(s) 


Lopez 


Flores/Monzon/ 

Arce
 

Ochoa 


Hjertina,' 

Aguilar 


Maycel-


Hawkes/van 


Harte/Landeo 


Jackson 


Huamar 


Huaman 


Ochoa 


OUh, 


Ochoa 


Ochoa 


Valious 


Hawkes/Astley 


Hjerting/Aguilar 


CIP Staff 


Origin Number of 
Accessions 

Colombia 429 

Puno 197
 

Various 159
 

" . 7
 

Junir, Pasco
 

Amazonas 57
 

S.Peru 256
 
Bolivia
 

Cajamarca 211
 

Puno,Bolivia 154
 

Lambayeque, 126
 
Piura,An
 

Arequipa,Puno 303
 

Pasco 404
 

Huanuco 545
 

Guatemala 21
 

Various 44
 

S.Peru,Bolivia 99
 

Huancavelica 12
 
Junin
 

Various 4
 

Holland 2
 

U.S.A. 26
 

U.S.A. 132
 

Peru 3
 

Total 4,024
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ment of Cajamarca, Lambayeque, Piura and Amazonas finished
 
the field work of Northern Peru. Likewise, the work in
 
North -Central and Central Peru represented by the Depart­
ments of Huanuco, Pasco, Junin, Huancavel±ca and Lima has
 
also been finished. In Southern Peru, collections were
 
made in Arequipa and Puno Departments as well as some col­
lections in the Departments of La Paz and Oruro from Boli­
via. This latter area will receive more att ntion in 1975.
 
Rare and old native varieties from Guatemala which are fac­
ing extinction have been found in some almost inaccessible
 
regions. Collections of these materials together with some
 
wild species endemic or prevalent in Guatemala have Deei
 
incorporated into the CIP germ plasm collection.
 

Systematics Research
 

Solanum x chaucha Juz. et Buk. is a triploid
 
(2n = 3x = 36) species of cultivated potato that is found
 
frequently in Andean potato fields. Knowledge concerning the
 
natural synthesis of the species and why it is maintained
 
in cultivated populations has potential value for potato
 
breeding work.
 

To determine the frequency of triplold production,
 
tetraploid-diploid pollinations were made in Huancayo bet­
ween January and March, using 106 Andigena clones from 10
 
geographical areas of Peru and Bolivia. These crosses
 
yielded 60 triploid progeny (14% of progeny counted) In
 
certain crosses only triploids were formed; in others, they
 
were found at a very low frequency or not at all rhese
 
suggest that tetraploids are genetically variable with re­
gard to the ability to form triploids- SLtnce the ma3ority
 
of progeny were tetraploid, presumably 2n gametes from the
 
diploids were viable in some crosses, demonstrating their
 
selective advantage over "n" gametes in 4x-2x crosses. In
 
the natural situation, it is expected that triploids would
 
be formed infrequently.
 

Thin-layer chromatographic patterns ot floral pig­
ments of natural-occurring triploids were compared, as
 
were water-soluble tuber proteins, separated by disc-


Typical small fields in the Peruvian Andes. Rare samples of S.
 
phureja were found at this location.
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electrophoresis in polyacrylamide gels. Protein banding
 
patterns were used to determine clonal duplications, and
 
when correlated with tuber morphology, demonstrated the
 
narrow variation of triploid potatoes. Of the 147 clones
 
studied electrophoretically, 32 had chromosome numbers
 
other than 2n = 36, and their electrophoretic patterns
 
were distinct. At this time, it has been possible to
 
assign tentatively 93 clones to 9 groups. Affinities
 
between clones will become clearer as other morphological
 
correlations are made, but it appears that there are rel­
atively few different genotypes within the species.
 

Solanum ajanhuiri Juz. et Buk. is a cultivated
 
diploid species of interest because of its general re­
sistance to frost. During an expedition to Bolivia and
 
southern Peru in 1974, the general area of cultivation of
 
S. ajanhuiri was established. The species is cultivated
 
most extensively in the Altiplano Region of Bolivia. The
 
areas of greatest cultivation were located in the Western
 
provinces of the Departments of La Paz and Oruro. It was
 
also noticed that this species is widely distributed around
 
the Lake Titicaca, in both Peru and Bolivia, but it is not
 
extensively cultivated. It was evident that S. ajanhuiri
 
had some advantages over the other cultivated potatoes
 
which made possible its selection by the Aymaras. These
 
advantages are mainly related to its frost resistance and
 
good palatability. S. ajanhuiri is as frost resistant as
 
the bitter potatoes (S. juzepczukii and S. curtilobum), but
 
it yields tubers with equal or better quality than the non­
bitter potatoes.
 

There is some evidence to support the hypothesis

that S. ajanhuiri was derived from natural crosses between
 
a cultivated and a non-cultivated diploid potato. S. ste­
notomum is postulated to be one of the parents because it
 
is the most primitive diploid cultivated potato. The wild
 
parent could be the frost resistant species S. megistacro­
lobum. The putative parents were found in Bolivia overlap­
ping in their geographic and ecologic distribution along
 
the area of cultivation of S. ajanhuiri, at an altitude
 
over 3,900 m. and generally in places where frost is a lim­
iting factor for agriculture.
 



-23-


In an attempt to synthesize S. ajanhuiri, crosses
 
were made in all possible combinations using 30 different
 
clones of S. stenotomum (stn) and populations of four ac­
cessions of S. megistacrolobum (mga). From the data ob­
tained, the following conclusions can be derived: Firstly,
 
there are some barriers that prevent seed set when mga is
 
the female parent. The few seeds produced are generally
 
non-viable seeds. The high number of aborted seeds are
 
explained on the basis of unfavorable embryo-endosperm
 
relationship. Secondly, the hybrids are generally more
 
easily produced when using stn as the female parent. In
 
some cases, the cross was successful in only one direction.
 
This happened independent of whether stn or mga was used
 
as male or female parent. The morphology of the progeny
 
will give an indication if these are the correct parents
 
that gave rise to S. ajanhuiri.
 

Germ Plasm Maintenance and Distribution
 

As of December 1974, the CIP collection of potato
 
germ plasm in Peru included 2800 entries that have been
 
given CIP accession numbers. An additional 5000 accessions
 
from recent expeditions were being grown and examined prior
 
to the assignment of accession numbers. Almost all acces­
sions are primitive cultivars that have been collected in
 
the Andean region. As more information on these clones is
 
developed, duplicates will be eliminated.
 

Accessions of the non-cultivated species are being
 
maintained in cooperation with the U.S. Potato Collection
 
at Sturgeon Bay, Wisconsin. New accessions are being sent
 
to Sturgeon Bay for seed increase and subsequent distribu­
tion.
 

Some specifics for 1974 include: The total of
 
3,650 native cultivars introduced into CIP consisted of
 
nearly 800 donated by established collections and over
 
2,800 from the 10 Center expeditions. New material was
 
collected from Bolivia, Guatemala and 12 Departments of
 
Peru. Two hundred accessions of wild species were obtained
 
from Sturgeon Bay and the 1974 expeditions. Two hundred
 
hybrid clones including named varieties from The Netherlands
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and the U.S.A. and potentially valuable selections from
 
Wisconsin were imported for use in breeding programs. There
 
was a slight increase in the number of requests filled, com­
pared to 1973 (86 vs. 76), with an increase in those re­
ceived from abroad, The number of tuber lots distributed
 
(mainly CIP internal) was 4,756 and there was a large in­
crease in the distribution of botanical seed, especially
 
that of hybrid origin, to over 1,500 lots.
 

Distr~bution of CIP Germ Plasm in 1974
 

Material Tuber lots Seed lots Total 

Cultivars 4,619 1,251 5,870 

Hybrids 125 199 324 

Wild species 12 128 140 

Total 4,756 1,578 6,334 

Almost 2,000 clones with CIP numbers were assigned
 
preliminary species identification by morphological exami­
nation and the additional 100 chromosome counts received
 
helped resolve the status of morphologically indistinct S.
 
chaucha. In taxonomic work on the new collections over 800
 
chromosome counts, 1,700 species assignments, and synonym
 
groupings for 3 of these collections were made. Screening
 
data were received on resistance to cyst nematode, Thecaphora,
 
PVX, frost and on nutritional quality.
 

Over 2,000 cultivars and wild species were planted at
 
La Molina for increase and taxonomic study, and the 7,000
 
clones plantad at Huancayo in November 1974 were more than
 
double the number harvested in May. Open-pollinated seed was
 
collected from 430 clones in the germ plasm field and is now
 
available for 2,500 clones-


CIPi's germ plasm collection at Sta, Ana Station near Huancayo, Peru.
 



Vending potatoes in a 
market in Kenya
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UTILIZATION OF THE TUBER-BEARING SOLANUMS
II. 

TO PROVIDE BETTER ADAPTED POTATOES
 

In order to meet the challenge of providing well a­

dapted and stable potato populations for the highland and
 

lowland tropics, as well as for countries ii the temperate
 

zone, the International Potato Centci: is utilizing the
 

broadest possible base of gc ietic diversity. During 1974,
 
"The Stra-
CIP held an International Planning Conference on 


tegy for Utilization" and a 5-year research plan was devel­

oped. The most usable new diversity exists in the diploid
 

species S. phureja and S. stenotomum, and in the tetraploid
 

S. tuberosum subsp. andigena that are cultivated in the
 

While these native cultivars
mountains of South America. 

are known to contain a wealth of variability, their adapta­

tion to the highland tropics limits their usefulness in
 

other areas. Thus; an intensive selection program to mod­

ify the pattern of adaptation of these potatoes and to find
 

the most efficient way to utilize these populations in
 

breeding is underway. S. tuberosum subsp. tuberosum from
 

the Northern hemisphere, is also valuable because of 
its
 

past selection for yield and quality.
 

Utilization of such a diversity of genetic resources
 

involves the blending of materials from many sources and the
 

coordinated interactiun of many projects of CIP and other
 

A flow chart depicts the transfer of material
institutions. 

from germ plasm collections to research projects and tinally
 

to national programs where they will begin to have an im­

pact on potato yields.
 

The work to assemble all possible genetic resources
 
This material is now
has been described under Thrust 1. 

moving into CIP research in Peru and into Contract Projects. 

Within CIP, the intensive quest for new sources of resist­

ance and the development cf efficient screening procedures 

is the responsiblity of several staff members in different 

Departments; progress in these areas is covered under the 

individual Thrusts. 
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Because utilization of the genetic resources involves
 
a need to work with large populations, part of the task is
 
being done through Contract Projects with well established
 
breeding programs. These programs provide CIP with addi­
tional capacity to select populations under different or
 
special environments. These programs also have the ability
 
to distribute tuber material of selected clones or popula­
tions to countries that cannot, because of quarantine regu­
lations, accept clones sent from Peru. The work of these
 
contract projects is an integral part of the total utiliza­
tion effort as can be appreciated in the following report
 
of activities in 1974.
 

Andigena (Neo-tuberosum)populations 

The tuberization of Neo-tuberosum (andigena deriva­
tives adapted to northern latitudes) has shown a dramatic
 
increase after selection in New York by the Cornell Univer­
sity Contract. The percent of plants with tubers and tuber
 
weight/plant has increased dramatically after 5 cycles of
 
selection. In addition to selection for general adaptation
 
and yield, these materials are being screened by scientists
 
at Cornell University for resistance to potato virus Y, po­
tato virus X, cyst nematode, root-knot nematode, green
 
peach aphid, potato aphid, leaf hopper, scab, late blight
 
and bacterial wilt. Some clones have been evaluated for
 
heat tolerance and components of adaptation such as reac­
tion to day length. Where acceptable levels of resistance
 
has been found, hybrid combinations are being made.
 

The material from the work at Cornell is now flowing
 
into CIP programs. In 1974, seed and tuber samples were
 
sent to 10 countries for evaluation and to serve as a genet­
ic base for future work. Over 14,000 seedling tubers were
 
sent to CIP for selection under the main environments of
 
hot dry and hot wet lowland conditions and high sierra con­
ditions. Clones selected from these families should be su­
perior to clones selected in New York and then sent to Peru.
 
The clones selected at the three locations in Peru will be
 
used to form populations for selection for improved adapta­
tion to these specific conditions.
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A replicated trial that includes samples of each of
 
the 5 selection cycles carried out at Cornell University
 
has been planted at Huancayo with the purpose of measuring
 
the genetic progress achieved in terms of Andean conditions.
 
A Neo-tuberosum population formed by 15000 clones has been
 
planted at two locations (Huancayo and La Molina) for se­
lection of superior genotypes. Over 200 Neo-tuberosum
 
clones were planted at three locations for observation of
 
performance a.: stability. Superior genotypes will be used
 
as parents fox the next cycle of selection.
 

Phureja-stenotomum Populations
 

Selection of the cultivated diploids has gone through 
only three cycles in North Carolina, but it is clear that 
selection has increased production under North Carolina con­
ditions. How valuable this material will be for other pro­
grams will be determined soon in the countries that have 
received seed or tubers. In Peru, CIP has tested this ma­
terial extensively in San Ramon and La Molina. Yields have 
not been encouraging and it appears that further selection 
is needed. The phureja population is a good source of genes 
for high dry matter, possibly protein content, and general 
eating quality. A research contract with the breeding pro­
gram of the Ministry of Agriculture of Peru is investigating
 
these specific traits in selected phureja clones.
 

In the period June-October, 3683 clones grouped in 72 
families were grown at San Ramon. Two hundred clones with 
good adaptation under humid tropic conditions were selected. 
Thirty-two of them yielded 950 gm. or more per plant and 
are being used as pollen parents for a new cycle of selec­
tion which is expected to increase the frequency of geno­
types with superior yield and adaptation to lowland tropics.
 
A phureja population formed by 2300 clones has been planted
 
at the three main CIP locations to select superior genotypes.
 
A sample of 20 diploid families has been planted in a re­
plicated trial at two locations (Huancayo and La Molina) to
 
obtain estimates of genetic and environmental variability.
 
These estimates are to be used in the further se]bction 
work.
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Tuberos,rpopulations
 

The work to develop new breeding methods by the
 
Wisconsin contract has also been of direct benefit to CIP.
 
The research contract has dealt with the development of
 
ways to produce hybrid combinations which provide the max­
imum degree of heterozygosity in combination with proper
 
adaptation. Selected diploid clones that produce a high
 
frequency of 2n gametes have produced high yielding uni­
form progeny when crossed with tetraploid Tuberosum varieties.
 
While a relatively small sample of this material, basic­
ally tuberosum type, has been tested in Peru, it has per­
formed very well at the two low elevation stations and has
 
great promise for use under these conditions. A tuberosum
 
population that includes 8000 seedlings has been planted
 
at three locations to identify superior genotypes to be
 
used in further selection cycles. A group of tuberosum
 
clones has been planted at all locations for observation
 
of performance of stability.
 

Work with non-cultivated species
 

Breeders must also consider long range projects to
 
bring in new sources of variation. To do this for late
 
blight, a research contract has involved the program of
 
the Plant Breeding Department of the Agricultural Univer­
sity, Wageningen, The Netherlands. This project involves
 
the utilization of the high resistance that occurs in two
 
wild species from Mexico, Solanum bulbocastanum and S.
 
pinnatisectum. These species are known to have high re­
sistance to late blight, but they have not been used be­
cause they cannot be crossed directly to the cultivated
 
potato. Intensive crossing efforts have produced some
 
hybrid families through bridge crosses. Seed of these
 
crosses have been sent to Mexico for evaluation in 1975.
 
These hybrids are many years away from usefulness in the
 
field but their potential value is great.
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III. CONTROL OF SELECTED FUNGAL PATHOGENS
 

Late Blight
 

Late blight (Phytophthora infestans) resistant
 

clones from CIP's Mexican Regional Program were distrib­

uted to countries that are developing a resistance pro­

gram, most of them in response to the Outreach Program's
 

efforts. A total of 170 clone shipments were made to 9
 

countries. CIP's International Potato Blight Testing
 

Program continued to screen entries from European, Indian
 

and U.S. breeding institutions.
 

It is recognized that resistance to a single dis­

ease is inadequate. The blight resistance program is
 
In Peru the
coordinated with the bacterial wilt program. 


national program has selected clones with dual resistance
 

for multiplication and naming of varieties (expected to
 

take place during 1975). Similar processes are taking
 

place in other countries.
 

In addition to multiple disease resistance, better
 

yields and quality are needed. To facilitate this CIP is
 

tapping the extensive genetic capital in its germ plasm
 

bank. CIP staff in Peru has selected 973 from 4,500
 

clones with differing levels of field resistance to late
 

blight; 417 S. tuberosum ssp. andigena (135 of which are
 

early maturing) and 92 S. phureja are undergoing further
 

blight testing in Huancayo. A portion of these have been
 

tested in the lowland humid tropical San Ramon location
 

(where there appears to be a different response to blight).
 

Crosses made between those early maturing, resistant and
 

productive andigena clones and other potatoes with superi­

or qualities produced 3,734 seedlings which were screened
 

under controlled conditions for field or horizontal resist­

ance to blight. One hundred and thirty-two clones were
 

selected among 2,043 transplanted to the field for having
 

good yield and tuber quality. These will be retested and
 

utilized further in a program to develop field resistant
 

varieties for the tropics.
 



Highly susceptible potato variety, late blight disease
 

Resistant potato variety, late blight disease
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Much of the potential for increased potato produc­
tion is in developing countries of the subtropical regions.
 
The Cornell Contract is developing field resistant superior
 
andigena clones in cooperation with CIP's staff at Toluca,
 
Mexico. Forty promising clones were retested during 1974,
 
with similar good results. It was also shown that viruses
 
may interfere with late blight evaluations. Plants infect­
ed with either potato leaf roll virus, potato spindle tuber
 
virus, potato virus X, or potato virus Y appeared more re­
sistant to late blight than non-virus infected plants.
 

Through a contract with the Santa Elena Station of
 
the State of Mexico, in the Toluca Valley, CIP has support­
ed the development of superior quality, blight resistant
 
potatoes suitable for that region and hopefully other simi­
lar geographical locations. The most advanced selection
 
trials of 75-plant plots resulted in 191 out of 671 retain­
ed in 1974. In earlier generation 10-plant plots 235 of
 
656 clones were selected. Recent crosses (34 progenies)
 
yielded 12,350 seedlings which, after two screening selec­
tions, have been reduced to 252 superior clones. In addi­
tion to this tetraploid work, a haploid program at Santa
 
Elena has also made substantial progress. Haploids derived
 
from S. tuberosum subs. tuberosum have been selected for
 
blight resistance, then crossed among themselves and with
 
diploid species. Nineteen families with a total of 92
 
plants were rated in 1974; many had no blight (suggesting
 
the presence of major genes), but ten had a 2 rating, and
 
14 a 3 rating (0 to 5 scale of increasing severity).
 

Phoma Blight
 

A low temperature leaf disease which affected CIP's
 
plantings in Huancayo was also found near Cuzco. Three
 
Phoma fungi were isolated, one a large-spored form, tenta­
tively named P. macrospora, as well as P. exigua var. exigua,
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and P. exigua var. foveata. All isolates of the first two
 
fungi infected leaves and could be re-isolated, but P. ma­
crospora alone produced typical symptoms. P. exigua was
 
pathogenic on potato tubers. Among the 1,170 clones ex­
posed to Phoma blight, 635 appeared resistant.
 

Black wart
 

During two consecutive years 38 clones from among
 
500 originally tested continued to show resistance to black
 
wart (Synchytrium endobioticum) at Casablanca, near CIP's
 
Huancayo field station. These clones also were tested in
 
Northern, Central and Southern Peru at Huamachuco, Casablan­
ca and Andenes (Cuzco) along with differentials used by the
 
Canadian and Netherlands programs in a project in which
 
visiting scientist Kenneth Proudfoot participated. Unfor­
tunately, the poorly adapted northern latitude differen­
tials did not develop sufficiently to record their inter­
action with the pathogen. Among the 38 clones tested 11
 
remained free of wart at the three locations. Three in­
fected in Casablanca were not infected in either Andenes 
or Huamachuco while eight were infected at both Huamachu­
co and Andenes. Seventeen additional clones became dis­
eased only at Andenes. These results suggest that races 
or biotypes of the pathogen are present. This will be 
evaluated in future work. 

IV. CONTROL OF SELECTED BACTERIAL PATHOGENS
 

Bacterial wilt
 

Bacterial wilt or brown rot caused by Pseudomonas
 
solanacearum is the most serious bacterial pathogen of po­
tatoes in the tropics and subtropics. The lowland strain
 
(race 1) is most widespread; the upland strains (race 3)
 
infects potatoes primarily in the colder higher regions of
 
the Andes. It is considered that to control this disease
 
resistant varieties are necessary, and CIP's resistance
 
breeding program is making substantial progress.
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In Nigeria over 2 tons of seed have been produced of
 

one clone that has resistance to bacterial wilt and good
 

yield characteristics under the conditions of the Jos Pla­

teau Region. This clone, BR63. 5, was selected out of tu­

ber families sent to Nigeria, It is expected that this
 

phureja - tuberosum hybrid will be released as a variety
 

by the national program of Nigeria in 1975. In Peru, six
 

clones of 24 originally selected in a program initiated by
 

the Peruvian National Program, are being increased to as­

sess which clones are to be released as varieties in 1975.
 

These clones are both wilt and late blight resistant, equal
 

or better in yield to established varieties, and some have
 

good quality. In Costa Rica many selections have been made
 

but need further evaluation and increase. To assist these
 

and other countries in the task of broad scale field evalua­

tion and basic seed production six selected clones were
 

increased in Mexico and Wisconsin and are being distributed.
 

Plants that survived a seedling screening test for
 

bacterial wilt in Wisconsin were screened for resistance to
 

late blight in Mexico. Out of 350 clones that were tested,
 

50 were found to have resistance to late blight and suitable
 

yield characteristics. These clones will be distributed to
 

cooperators for field tests for resistance to bacterial
 

wilt and for general adaptation and yield.
 

The Wisconsin contract project is continuing to screen
 

seedling families for resistance to bacterial wilt under
 

growth chamber conditions. Botanical seed from the Peruvian
 

National Program was sent to Wisconsin so that hybrids that
 

are adapted locally can be a part of the program. A Ph. D.
 

thesis was completed that showed that resistance to isolate
 

S206 was simply inherited, but the relationship of this re-

Wisconsin
sistance to K60 and S213 is still not clear. 


served as a base for the distribution of materials to 10 coun­

tries.
 

The control of bacterial wilt depends primarily on re­

sistance breeding, but other considerations may lead to in­

tegrated control measures or alternatives. An important as­

pect to be considered is the survival of P. solanacearum in
 

the soil. Investigations with race 3 have been conducted in
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the highlands at Huambos, Department of Cajamarca in
 
Northern Peru, at an elevation of 2,400 m. A field occu­
pying an area of 600 m2 that was planted with bacterial
 
infected seed in January 1973 showed 20% wilt at harvest
 
time in July. The field was replanted with bacterial­
free, susceptible "Renacimiento" potatoes in February 
1974. By flowering time 12% wilt had developed. A sec­
ond field that had been u. ed for wilt screening work for 
five years was planted to the susceptible variety Merpata
 
in February 1974. Wilting occurred in 8% of the hills.
 
These results concur with observations in farmer's fields
 
in the region. Wilt incidence was moderate when rotation
 
was practiced and wilt-free seed used, but wilt was severe
 
when healthy-appearing but bacterial-infected seed was
 
planted.
 

Race 3 of P. solanacearum caused severe damage to a
 
crop at Viru planted with diseased seed brought from the
 
highlands. In a cooperative program with the Ministry of
 
Agriculture of Peru, a field near the ocean, where a cool
 
constant breeze blows during winter, was planted to potatoes
 
in summer (December) 1972. Subsequently all plants were
 
injected with a bacterial suspension which resulted in a
 
heavy wilt infestation. When replanted in mid-winter (July)
 
1973 no wilt symptoms had developed by mid-September. Plants
 
were then inoculated but remained symptomless to mid-Octobet.
 
Re-inoculation resulted in 52% wilt by mid-November ( a warm­
er month). Although only 2% of the tubers showed symptoms, 
most of them rotted in a warm storage within 2 months.
 

When planted to a latin square design wIth whole po­
tato tubers, cut potato tubers, eggplant, tomato and failov' 
treatments in late summer (end of March 1974), rn wilt symp­
toms developed in any of these cror ' Th, f'... , all 10­
planted with potatoes at year's end to determine if the bc1C­

terium persists in sufficient number to cause :nft ,t~on in 
summer. 

Three methods of assay of P. solanacearum in soil by 
plating techniques, serology, and host plants have been re­
ported to detect concentrations no lower than 2.5 x 106,
 
2.5 x 104, and 2.5 x 104 bacteria per c.c., respectively, of 



soil artificially infested with race 1. Assays were less
 

discriminating with naturally infested soils, particularly
 

with the slower growing race 3. Research was undertaken
 

to modify these techniques to undertake more precise stud­

ies of survival of the bacterium. Cuttings of potatoes
 

or tomatoes placed in water extracts from soil containing
 

the bacteria were nearly as effective as reported for race
 

1, but not consistently so. Attempts to improve upon pre­

viously reported selective media gave promising results.
 

An antibiotic selective medium permitted the detection of
 

race 3 of P. solanacearum from artificially infested, fu­
. The
migated soil at concentrations as low as 2 x 10

5
 

selectivity of the medium can be seen in the following
 

figure.
 

4 .i 

Comparison between Kelman's medium (left) and the antibi­

otic selective medium (right) in the isolation of P. sola­

nacearwn from soil. No fungi are present, and very few
 

other bacteria, in the selective medium.
 

The selective medium contains dextrose, peptone,
 

casamino acids, agar, pentachloronitrobenzene, actidione,
 

vancomycin, tyrothricin, bacitracin, chloromycetin and
 

tetrozoliumchloride.
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V. 	 CONTROL OF SELECTED VIRUSES AND
 
AND. INSECT VECTORS
 

Since the viruses of the potato are very numerous,
 
the losses they cause are often difficult to assess. Virus
 
dissemination can readily occur in the asexual tuber seed
 
and to a lesser extent in true seed. A continuing task
 
at CIP is the dentification of viruses in the germ plasm
 
collection and research sites utilized by CIP. To date 13
 
viruses have been isolated and identified. One of these
 
is the Andean potato latent virus (APLV) which, although
 
reported only once previously from Peruvian potatoes, has
 
been found in both CIP's collection and in cultivated pota­
toes. Epitrix sp., a beetle occurring commonly in the an­
dean region, has been shown to transmit this virus. So fai
 
transmission through botanical seed with APLV has not been
 
positive. Attempts to locate potato spindle tuber virus
 
(PSTV) have not as yet been successful.
 

Because of the great number of virus problems it
 
would be impractical to attempt to breed for resistance to
 
most of them. CIP held two Planning Conferences during 1974
 

that focused on the question of the balance of emphasis
 
that should be placed upon breeding for resistance versus
 
seed programs to resolve the virus problems of developing
 
countries: Utilization of Genetic Resources, and Seed Pro­
duction Technology The immediate solution to virus prob­
lems is to be the promotion of adequate seed programs. The
 
long term solution is the development of resistance to the
 
major virus problems, which will complement the seed programs.
 
CIP will initially stress breeding for virus Y and leaf roll
 
virus resistance.
 

Virus Y Resistance
 

During 1973 CIP's germ plasm collection, then of
 
about 2,500 clones, was indexed for the presence of virus Y.
 



During 1974 the 32% that proved free were planted 
beoide PVY - infected plants in an ideal location 
foL aphid transmission (Arequipa, Southern Peru). 
Tubers from 400 of these were planted and 40 clones
 
continued to test free. These will be inoculated
 
by graft inoculation Qlong with other known sources
 
of PVY resistance, with the necrotic strain of vi­
rus Y. The best will then be selected for breed­
ing for resistance. Clones with resistance to bac­
terial wilt and late blight will be crossed with
 
virus Y resistant material in a cooperative project
 
through the Wisconsin contract.
 

A new vector of the necrotic strain of PVY,
 
the leaf miner Lirioniyza huidobrensis, has been dem
 
onstrated. The female fly transmits th. virus when
 
it rasps the potato leaf to either oviposit or feed.
 
This finding may account for the high transmission
 
of virus Y in the absence of its best known vectors
 
(i.e. aphids). 

~All 

The leaf miner, Liriomyza huidobrensis, a new
 
vector of potato virus Y
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:eaf Roll Virus Resistance
 

Since confirming that the potato leaf roll virus
 

(PLRV) occurs in Peruvian cultLvars, observations during
 

1974 demonstrated that it is widespread though normally
 

of low incidence in the fields, Symptoms in Peruvian cul­

tivars often consist of chlorosis and stunting with little
 

or no typical leaf rolling.
 

Peruvian PLRV strains vary greatly in v3rulence,
 

In an attempt to locate resistance in the germ plasm col­

lection which, because of cool growing conditions, had
 

very few clones with symptoms, 631 clones were planted in
 

a field trial at La Molina; 340 were rogued because of PVY
 

infection. The remaining 291 were exposed to PLRV carry­

ing aphids. Tubers were harvested from each plant and will
 

be planted in 1975 to determine the presence of the virus.
 

Varying but generally low levels of resistance selected by
 

European and North American programs will be tested soon
 

both in Peru and by the Instituto Agronomico do Estado de
 

Sao Paulo in Brazil in a 3oint program with ClP. Later
 

this work will be expanded by CIP staff in Lebanon and Me­

xico. Selected clones will eventually be incorporated into
 

this network of tests.
 

Virus X Resistance
 

The program to select resistance to potato virus X
 

(PVX) began by screening 2,500 clones for the presence of
 

the virus in 1973; forty percent were found ftee in spite
 

of repeated exposure in the field. A gtoup ut 350 of these
 

were inoculated w~th 2 strains of PVX, 209 remaining unin­

fected and 24 behaving as hypersensitive to one or both
 

inuEsased and inocuiated
strains. A samnple of these was 


with both strains on a larger scale; 20 out of 24 remained
 

non-infectable. In 1974 the same 350 clones plus 210 more
 

were planted in Huancayo and ind~viduaily inoculated, Ten
 
the presence
tubers were harvested from each to analyze for 


of PVX by inoculation tc G$mphrena glohosa. Those that ar:
 

still free will be considered potential sources of resist­

ance to be compared with other determined sources, for use
 

in breeding.
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The Cornell contract has also sought resistance to
 
PVX through field inoculations by spraying the virus mixed
 
with carborundum under high pressure. Of 45,000 seedlings
 
of adena breeding populations exposed to a severe strain
 
of PVX, 302 remained free of symptoms. These were retested
 
in the greenhouse, 44 becoming infected.
 

Cork Disease
 

Cork disease remains of undetermined cause. Stud­
ies with a viral agent have given discouraging results,
 
This approach will not be discarded, but emphasis is being
 
placed on nematodes and fungi and their possible interaction
 
with tobacco necrosis virus. Nematodes of the genus Tricho­
dorus have been found in infected fields; it is a known
 
vector of tobacco rattle virus which affects potato tubers
 
with symptoms different from those of cork. The fungus
 
Phoma exigua has been isolated and produces symptoms re­
sembling corky lesions.
 

Antisera Production
 

The production of antisera was interrupted by the
 
earthquake damage in October. However, antiserum to PVY
 
has been produced, and production of anti-PVX, anti-PVS and
 
anti-APLV sera is well advanced. A rabbit raising room has
 
been built and will be equipped during 1975.
 

VI. CONTROL OF SELECTED NEMATODE PESTS
 

In order to screen for resistance to potato cyst
 
nematodes, it is first necessary to identify the species
 
found in the pctato fields of the Andean region. At the
 
same time host differential tests are carried out in order
 
to determine pathotypes. This is very difficult because the
 
Andean populations do not fit into existing classifications.
 
Accordingly, a project to study the variability of the pota­
to cyst nematode has bee'n initiated. This study has two
 



e 'U 

Section of the nematology
 

laboratory, La Molina
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components: a) collecting representative samples in areas
where the cyst nematode is reported or suspected, and b)
studying these collections to determine species, pathotype
 
and distribution.
 

State of collection
 

At the present time CIP has over 
120 different
 
cyst nematode samples; 89 were collected from the fol­
lowing areas in 1974:
 

Peru: Puno 26 samples, Arequipa 4, Cuzco 3, Junin 40,

Hu-anuco 2, La Libertad 2, Cajamarca 4; Ecuador 2, Colom­
bia 1, Panama 4, and Mexico 1. All these samples have been

reproduced in order to obtain enough inoculum for further

studies. 
Areas that have not been adequately samples are:

Colombia, Ecuador, Southern Bolivia, Northern Argentina
 
and Chile.
 

Species distribution
 

Preliminary field observations during collecting

trips and confirmatory laboratory tests carried out both in
La Molina and at Rothamsted show that on the basis of fe­
male color all of Ecuador and Peru are infested with H.

pallida (white females); however, at 150 S latitude yellow
populations (H. rostochiensis) are found together with white.

This makes Lake Titicaca an apparent dividing line between
 
the two species. All samples collected south of Lake Titica­ca in Bolivia were H. rostochiensis with the exception of
 
cne. Differential host plants are used to separate different

pathogenic populations. As one moves 
from south to north in
Peru populations become less diverse and more aggressive.
 

Nematodes from Panama and Mexico
 

Four different field populations from Panama's pota­
to producing area, and one sample from Mexico were sent to
CIP with the request that their pathotype be identified. The
results showed that, contrary to expectation, all populations

exhibited white females. 
 Since it is thought that these nema­
tode populations were introduced from Europe, further research
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is necessary to determine whether strong selection pressure
 
occurs against Heterodera rostochiensis under short day
 
conditions. This may also help to explain the current dis­
tribution of these two species
 

Fifty different clones were tested for yielding ca­
pacity, as well as reaction to nematodes in an infested
 
field in Choc6n, Jauja, The yield was very low for all
 
clones, in part d:e to high nematode infcstation. Six
 
clones tha showed the highest yield were selected for fur­
ther study It was noted that clone 70!427 slightly low­
ered the number of cysts in the field.
 

On the plants selected in 1973, four of the 13 test­
ed continued to perform acceptably. Because the experiment
 
did not identify tolerance precisely, it is now being re­
designed for the growing season, 1975, Some 20 clones, are
 
also being observed at Choc6n in order to design a method
 
for assessing nematode count, plant growth, and yield with
 
a minimum amount of work Foliowing screening the creation
 
of a new resistant variety requires extensive breeding work
 
i.e. to combine resistance with other commercial traits.
 

Screening test Lima
 

Fifty-eight ci. nes fiom the germ plasm collection
 
were planted in June and July. Two evaluations were con­
ducted. Twelve clones had resistance while 36 clones are
 
being retested because of poor plant growth.
 

Screening test Ccinell
 

One hundred and forty clones which belonged to 48
 
different families were received from Cornell University.
 
All were Katahdin intercrosses with clones of vernei*. spe­
gazzin.1, multidissectum and sactae-rosae which have a high
 
level of resistance to aggressive forms of potato cyst nema­
todes.
 

Each clone was inoculated with H. pallida (from
 
Huancayo and Otuzco) and with H. rostochiensis (from Puno).
 



Most clones were very susceptible to both populations of
 
H. pallida, but many showed resistance to H. rostochiensis.
 
All clones that showed resistance were saved for re-evalua
 
tion. It would appear that testing at Cornell identified
 
resistance only to H. rostochiensis.
 

Root-knot nematode
 

Screening for resistance to the root-knot nematode
 
is especially important for the cultivation of potatoes in
 
the lowland tropics. Seeds of several tuber-bearing Sola­
num spp. were sown in vermiculite. Two weeks after germina­
tion individual seedlings were transplanted and two weeks
 
later, seedlings were inoculated with Meloidogyne incognita
 
acrita. At harvest roots were soaked in water to remove
 
soil and examined for nematode infection and data were col­
lected. Of the 10 species and 19 selections tested, 8 se­
lections (4species) showed segregation for a high degree
 
of resistance. S. chacoense (PI 197760 and PI 230580) and
 
S. sparsipilum (PI 230502 and PI 310972) had the highest
 
percentage of resistant progeny. Six species and 11 selec­
tions showed segregation for some degree of resistance and
 
their roots exhibited a trace of galling and/or reproduc­
tion by the nematode. Tubers collected from the plants
 
showing a high degree of resistance will be retested to
 
eliminate any plant which escaped infection. It is intended
 
to cross the nematode-resistant plants with those having
 
high Pseudomonas resistance in order to combine resistance
 
to both organisms.
 

Root-knot nematode damage in potato chips
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Experiments were conducted into interactions of
 
Meloidogyne and Pseudomonas solanacearum, the cause of
 
bacterial wilt. A Pseudomonas resistant clones (BR 73-40)

and a susceptibly variety (Renacimiento) were inoculated
 
with P. solanacearum and M. incognita acrita.
 

Control plants did not receive either of the two
 
organisms.
 

Pseudomonas resistant and susceptible plants ino­
culated with bacteria alone exhibited Pseudomonas symptoms
 
in 20 and 40 percent of the plants, respectively. Symptoms
 
occurred 21 and 36 days after inoculation of the suscepti­
ble and resistant plants, respectively. In treatments when
 
Meloidogyne and Pseudomonas were present, 100% of the Pseu­
domonas-susceptible Renacimiento plants showed bacterial
 
symptoms commencing 19 days after inoculation.
 

Nacobbus nematodes
 

Little is known about the biology of the "False root­
knot nematode" (Nacobbus spp.) on potatoes and so extensive
 
laboratory study has been necessary to investigate the life
 
cycle of this nematode. Potato tubers collected from a
 
heavily infested field had Nacobbus in 3rd, 4th and 5th
 
stages of development. The majority of nematodes were con­
fined to periderm and the flesh immediately below the peri­
derm. It appears that the mode of dissemination of the ne­
matode is through infected tubers. Roots of plants inocu­
lated with Nacobbus were also examined for the presence of
 
the nematodes. It was observed that the 2nd stage larvae
 
attack secondary roots whereas the 3rd stage and vermiform
 
females penetrate and feed on ver, small rootlets. It ap­
pears that they leave these rootlets after a period of feed­
ing and quiescence to penetrate the secondary and larger
 
roots where their feeding initiates the production of hyper­
trophied and hyperplastic cells and leads to the production
 
of typical galls.
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DEVELOPMENT OF POTATOES WITH WIDER
 
ADAPTATION TO ENVIRONMENTAL STRESS
 

In the vast Andean region, northern India, Nepal,
 
Turkey and certain other areas, potatoes are commonly sub­
jected to freezing injury. CIP has initiated a selection
 
and breeding program to obtain potato clones or cultivars
 
with resistance to frost together with good horticultural
 
and quality characteristics.
 

Frost resistance studies
 
i 

The technique of measuring the lixiviate electro­
lytes from detached leaves exposed to low temperatures is
 
being used to screen for frost resistance. In the labora­
tory the first general application of the excised leaflet
 
test on a routine screening basis using field grown plants
 
was initiated. A series of preliminary experiments were
 
conducted to test several different test temperatures,
 
variable leaflet sizes, and leaflets from plants of dif­
ferent ages. The results indicate that repeatable readings
 
can be obtained for different test temperatures and that
 
differences in leaflet size and age (within limits) do not
 
introduce significant variability in the frost resistance
 

° 
readings. A test temperature of -4 C was selected for
 
routine screening.
 

Fifty-six clones selected in 1973 for crossability
 
and relative yield, and four clones of the species S. curti­
lobum obtained from the germ plasm collection were tested
 
and 25 were found resistant to -40C and some to -50C. In
 
May, 1974, 5056 seeds obtained from crosses were planted in
 
the screenhouse and 1,513 seedlings were transplanted to
 
the field. A representative sample of each family was
 
taken and 275 seedlings were tested in the laboratory.
 
Ninety-three seedlings with resistance (-4°C) were identi­
fied. Crosses were made in the screenhouse during the
 
w.nLei in La Molina.
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Over 5,000 seeds were obtained from back crosses
 
of wild diploid species to the diploid cultivated species
 
S. phureja and S. stenotomum. Crosses between F1 triploids
 
(acaule x stenotomum) and diploids (phureja, stenotomum)
 
and tetraploids (andigena) produced fewer seed but are con­
sidered important for future work. Crosses between tuber­
osum or andigena (2n = 48) and curtilobum (2n = 60) produced
 
over 2.000 seeds. From preliminary studies this method ap­
pears to be a promising approach to obtain frost resistant
 
clones in the F1 together with high yield and better quali­
ty of tubers. Some of the hybrids with curtilobum made
 
previously showed frost tolerance in laboratory tests.
 
Crosses between tetraploid cultivated (tuberosum and andi­
gena) diploid resistant hybrids were also made in an attempt
 
to obtain tetraploid progeny by the formation of polyan­
droids (2n gametes) in the diploid pollen parent. Consider­
able seed was obtained.
 

Routine screening was continued with a group of 100
 
germ plasm tetraploid clones, advanced clones, and "papas
 
amargas" (bitter potatoes). All 17 of the "papas amargas"
 
tested demonstrated levels of frost resistance to tempera­
tures between -4 and -50C. None of the 83 germ plasm clones
 
or advanced clones that were tested possessed frost resist­
ance to -4°C.
 

An additional 350 clones resulting from advanced
 
crosses between cultivated clones and clones from assumed
 
frost resistant species were screened. Approximately 35%
 
of these clones were found to be resistant to -40C.
 

Modifying Soil Temperatures
 

Under arid tropical conditions preliminary studies
 
showed a very slight effect of row spacing upon soil tem­
peratures with 1.0 meter row spacing having temperatures on
 
average 10C higher than the 0.7 meter row spacing. Tempe­
ratures at 10 cm. depths were up to 51C cooler than at 2cm.
 
depths with greater differences when the soil is dry. Yields
 
under surface irrigation ranged from 16 to 39 metric tons
 
per hectare. Yields were qenerally 30 per cent greater with
 
0.7 meter row spacing than with 1.0 meter row spacing.
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specific gravities ranged from 1.035 with 1.0 meters bet­
ween rows and 40 cm spacing within rows to 1.056 for 0.7
 
meter between rows and 20 cm. within rows.
 

It is intend to extend temperature studies to soils
 
of the hot humid tropics.
 

Response of Potatoes to Diverse Environments
 

To ider'tify clones that are adapted to given envi­
ronments oi are nroadly adapted to diverse environments,
 
five principal environmental situations were selected. These
 
included La Molina winter (May to August); La Molina summer
 
iDecember to March); Huancayo summer; San Ramon winter; and
 
San Ramon summer. All locations were within 60 miles of
 
420S latitude. La Molina typifies arid coastal desert re­
quiring irrigation, temperature range 8 to 30 0c Huancayo
 
at 3,380 meters elevation has a temperate climate with sum­
mer temperatures ranging between 5 to 260C, with frosts oc­
curring May through September; San Ramon at 800 meters on
 
the eastern slopes of the Andes has very heavy rainfall
 
during the summeE 'December to March), and a relatively dry
 
season April through October. San Ramon has basically a hot
 
humid climate with a temperature range of 15 to 30*C.
 

A sample of 450 clones that included representatives
 
of diploid clones, selected andigena clones, blight resistant
 
clones from CIP's Mexican program, varieties and advanced
 
-lones from the CIP collection, clones from the CIP germ plasm
 
ccllection, and bitter potatoes also from the CIP collection
 
were chosen for initial planting in each environmental situa­
tion.
 

The 450 clones were planted and harvested in San Ra­
mon ana La Molina during the winter period, May to September.
 
Approximately 60 clones were well adapted to either or to
 
both environments Dates from planting to maturity ranged
 
from 89 to 150 days with one unusual clones (66 P11 - 7)
 
yielding i00 g per plant to maturity at 65 days. The per­
oentage of clones in each group that yielded over 1000 g/
 
plant in La Molina and San Ramon were:
 



Group La Molina San Ramon
 

Diploid clones 27 3
 

Andigena clones 26 27
 

Mexican clones 25 41
 

Advanced CIP clones 44 35
 

CIP Germ Plasm 28 6
 

The 450 clones have been planted in the remaining

three environmental situations to be harvested in April
 
or May of 1975. In addition 11 replicated Peruvian varie­
ties are being planted at three-month intervals to more
 
fully characterize the year-round production in a hot humid
 
environment such as San Ramon.
 

VIII IMPROVEMENT OF GENERAL NUTRITIONAL QUALITY
 
PROCESSING FOR DEVELOPING COUNTRIES
 

Protein
 

During 1974 samples of approximately 500 clones
 
were tested in the laboratory for dry matter, crude and
 
true protein analyses. The analysis of 240 samples was
 
completed and another 160 were analyzed for dry matter and
 
crude protein. Values for crude protein (total N x 6.25)
 
ranged from 3.65 to 15.06 per cent of the freeze dried pow­
der with an overall mean of 8.10 per cent; 13 per cent of
 
the samples had above 10 per cent crude protein. It is in­
teresting to note that a group of 45 clones classified as
 
S. phureja had an average value of only 6.28 per cent.
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Five methods were compared to determine true pro­
te-in content:
 

1. 	Tuber powder extracted with 80 per cent ethanol;
 
Kjeldahl determination.
 

2. 	Tuber powder dialyzed in buffer for 12 hr. to
 
remove non-protein - N prior to Kjeldahl deter­
mination.
 

3. 	Extraction of powder by phenol-acetic acid­
water and determination by the Potty method.
 

4. 	Protein estimated by bromphenol-blue dye­
binding.
 

5. 	Ethanol extract dialyzed and N remaining in the
 
dialyzed samples measured by Kjeldahl technique.
 

The 80 per cent ethanol-Kjeldahl technique was se­
lected because of its accuracy and rapidity for the determina­
tion of true protein in freeze dried tuber powder. True pro­
tein (nitrogen of the 80% ethanol insoluble fraction x 6.25)
 
accounted for 32 to 70% of crude protein.
 

The percentage of dry matter varied from 13,78 to
 
35.12. Total mean sugar content as percentage of dry weight
 
before and after three months conventional cold storage was
 
7.65 and 10.66, respectively. Profiles of 18 amino acids in
 
six varieties showed a range of 0.450 - 0.820 mg/g dry weight
 
for methionine, normally considered the "limiting" amino
 
acid in potato protein. The range found in assays of rela­
tively few varieties indicates a potential for substantial
 
improvement in methionine levels.
 

Potato Processing for Developing Countries
 

A Planning Conference sponsored by the International
 
Development Research Centre was held in Ottawa, Canada in
 
November, 1974, to examine methods of processing potatoes
 
for developing countries. The participants at the Conference
 
formulated recommendations for a plan of action that would
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rpsu1t in 	scale-neutral potato processing technology tai­
lored to the needs and resources of developing countries.
 

TISSUE CULTURE FOR DISEASE ELIMINATION,
 
RAPID MULTIPLICATION AND DISTRIBUTION
 

OF NEW CLONES
 

This thrust is concerned with the practical aspects
 
of producing seed tubers free of viruses and pathogenic
 
fungi and bacteria.
 

The potato produces true or botanical seed which,
 
because of its heterozygous nature, has little value as a
 
means of propagating commercial potatoes. CIP is actively
 
involved in storing true seed for long term preservation of
 
valuable germ plasm. True seed is also the means tntough
 
which the plant breeder recovers genetic recombinations
 
resulting from planned crosses. Aside from the above inter­
ests in true seed, CIP research is primarily concerned with
 
providing seed tubers free of viruses for research and
 
training needs and as foundation stock for developing coun­
tries.
 

During 1974 the following protocol was developing

which permits the very rapid multiplication of virus-tested
 
seed:
 

Generation 	"0"
 

Test clones to determine virus status.
 

Step 1 	 If virus "free" the clones to be
 
processed directly into Generation 1
 

Step 2 	 Meristem and related processes to
 
eliminate viruses
 

Step 3 	 Retesting material from Step 2 for
 
virus status
 



Generation .
 

Maintenance of "nuclear stock" under super­
vision of a virologist.
 

Generation II
 

Increase in a screenhouse for effort and
 
further generations by means of stem cuttings;

under supervision of a virologist.
 

Generation III
 

Field increase in a large terylene (dacron)
 
screen tent by tubers and/or stem cuttings.
 

Generation IV and V
 

Increase at Huancayo in isolation plots.
 

Virus status is at present diagnosed by plant
symptoms, indicator hosts, and serology. 
It is planned

to install an electron microscope for further screening

confirmation and for general virus research. 
A facility
to house rabbits for antisera production was completed in
 
1974.
 

The establishment of virus free clones, a proce­dure in which it is first necessary to determine if plants
have viruses, and then pass those that are infected through
meristem culture before reanalyzing for the presence of
virus, is well underway. Thirty-six clones were selected

by CIP scientists for such treatment because of their value
to the breeding and seed programs of CIP and developing

countries. Unfortunately, many cultures were lost during
the earthquake, However, it has been possible to proceed
with large scale multiplication of 9 clones which by-passed

meristem culture because uninfected material of these was
 
detected in the initial tests.
 



0
 

Suspension of cell aggregates
 
from tuber tissue Month-old meristem culture
 

Embryo-like structure organized Plantlet from meristem culture
 
from cell aggregates, above after transfer to soil
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Potato Tissue Culture
 

The induction of somatic embryogenesis in suspen­
sion cultures of tuber tissue and etiolated shoot tissue
 
explants has been achieved. Embryogenic units were prod­
uced in rotating liquid media. Rotation allowed the cul­
tures to be alternately aerated then nourished; this was
 
achieved by adapting a system of rotating discs which held
 
"nippled" glasks. 
After several days the embryogenic units
 
polarized and differentiated into heart and torpedo-shaped
 
embryoids. It is planned to test additional potato geno­
types for somatic embryogenesis as well as for the stabil­
ity of the embryogenic potential through successive sub­
cultures.
 

The principal advantage of this system of culture
 
is the potential to produce hundreds of embryoids per
 
flask.
 

Following a somewhat different pathway, shoot tips
 
have been used as initial explants instead of tuber or
 
etiolated shoot tissues. Using the same system of rotating
 
flasks, shoot tips, instead of growing into single plants
 
(as they normally do when cultured to obtain "virus-free"
 
plants) were induced to develop into masses of calli which
 
then produced bud-like spheric structures. When these mas­
ses of calli b-oke down their component parts functioned as
 
potential morphogenic units which, after transfer to an ap­
propriate medium, gave rise to root and shoot initials.
 
Each morphogenic unit, as well as the initial hard calli,
 
can be induced to grow and produce root and shoot primordia.
 
It is expected that this system of culture will have a high
 
morphogenic as well as genetic stability through successive
 
sub-cultures.
 

In addition to embryogenesis in suspension cultures
 
of tuber tissue and shoot-tip calli derivatives, a third
 
technique involves the induction of plantlets with a rosette
 
habit, also derived from excised shoot tips. In this latter
 
case, rosette plantlets are induced to proliferate buds in
 
the axils of pre-formed leaves. By further modifying the
 
medium, the main short shoot'and the axillary buds can be
 



induced to form elongated shoots. 
 This system constitutes

another form of micro-propagation which is expected to pro­
mote a high degree of genetic stability.
 

X. OUTREACH 

To exteni technology on potato improvement into
developing countries and adapt it to local conditions and
to train the scientists in national programs, CIP has di­
vided the developing world into seven regions. 
In each
region CIP is concentrating on one or two countries where

the need and opportunity are greatest. 
The break-throughs

which are accomplished in these impact countries are ex­pected to provide examples and be redistribution points for
other countries in the region. 
 In 1974 the seven regions

and the input countries identified in each were:
 

Region I - South America - Peru, Brazil, Chile, Ecuador, 

Bolivia. 

Region II - Central America and the Caribbean - Mexico, 

Costa Rica, Guatemala. 

Region III - Tropical Africa - Kenya, Nigeria, Ethiopia. 

Region IV - Middle East and North Africa - Syria, Lebanon 
(Egypt, Training Center)! 

Region V - Non-Arab Moslem Countries - Turkey, Pakistan, 
Iran. 

Region VI - India - (States of Punjab, Uttar Pradesh) 

Nepal, Bangladesh. 

Region VII - Southeast Asia - Sri Lanka, Indonesia, Korea 

Whenever possible CIP is locating its regional

personnel at sister Centers. 
 Thus the program for
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Region I is headquartered at CIP's Central Facilities. The
 
program for Region II is headquartered at CIMMYT facilities
 
in the Toluca valley of Mexico. The program for Region III
 
is headquartered in Kenya and CIP personnel will probably
 
be associated with a sister Center there as soon as it is
 
fully operative; however, for the present, it is mainly as­
sociated with the Kenya National Program. CIP's program in
 
Region IV is headquartered at ALAD, soon to be a sister
 
Center. CIP's program for Region V, presently being acti­
vated will be headquartered in Pakistan, associating with
 
the local national program and other foreign technical as­
sistance agencies in the country. Although considerable
 
exchange of visiting scientists has taken place in Region
 
VI final arrangements have not been completed for the loca­
tion of CIP staff in India. When this is accomplished CIP
 
will attempt to associate with a sister Center located in
 
India. CIP's program in Region VII, presently being acti­
vated, will be headquartered in South Korea intially. How­
ever, the regional program will probably eventually be re­
located to a more tropical country of Southeast Asia.
 

CIP's regional programs are presently being
 
financed by both core program and special project support.
 
CIP has in its core program budget a production specialist
 
for each region. A considerable expansion of CIP's trainina
 
activities and assistance to national programs has been made
 
possible by special project funding received in 1974. Spe-­
cial project funding from the Interamerican Development Bank
 
is providing four additional specialists for Latin American
 
countries. Ford Foundation s'ecial project support is pro­
viding the funding for extra attention to three countries
 
in the Andean region, where CIP is located: Peru, Ecuador
 
and Bolivia. Special project support has been identified
 
to provide a production specialist in Region V and technical
 
support in Regions III and IV.
 

Since CIP does not identify donors until special
 
project grants have been signed, prospective donors for pro­
jects in development are not named here. CIP presently
 
needs special project support for its African Program in
 
Region III, its Reqion IV Proqram in the Middle East and
 
North Africa, and for its Far-East Program in Region VII.
 



Trainees at La Molina examining soil deficiency symptoms
 

Peruvian and Bolivian production trainees in a course
 
sponsored by CIP at the University of Puno, Peru
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Following are the activities in Outreach and
 
Training which have been conducted in each region during
 
1974.
 

Region I - South America
 

In Region I there was a considerable increase
 
in training activities in 1974 as compared with the pre­
vious year. A total of 38 trainees from seven Latin Ame­
rican countries participated in three formal courses, six
 
short courses and two visits by scientists from Colombia
 
and Mexico. In addition, two M.S. candidates were enrol­
led at Universidad Nacional Ag:caria and a trainee from
 
Peru attended the Third International Course on Potato
 
Production in Wageningen, The Netherlands. CIP scientists
 
also participated in two national potato production courses
 
in Ecuador and Peru, in which there were 43 participants.
 

A two-week course on Potato Production in the
 
Altiplano was held in Puno, Peru, in which five Bolivians
 
and 11 Peruvians participated. Problems common to the Al­
tiplano of the two countries were analyzed and instruction
 
given on all aspects of potato production with emphasis on
 
seed production. Scientists from Bolivia, Peru and CIP
 
provided the instruction for the course.
 

An eight-week course on methods of diagnosing
 
and identifying potato viruses was held at CIP facilities
 
at Lima, Peru. There was a trainee each from Colombia,
 
Chile, Brazil, Peru, and Cuba. 
The course was practically

oriented so the participants could develop a working know­
ledge of viruses to apply to seed production programs in
 
their respective countries.
 

A 15-week course on potato production with
 
emphasis on seed technology was held in Peru. There were
 
seven participants: Colombia (1), Chile (2), Peru (2),
 
and Ecuador (2). 
 The course included both theoretical
 
and practical instruction at CIP's facilities at Lima,
 
Huancayo and San Ramon, as well as in potato seed fields
 
of Peru's National Program.
 



Trainees in soil studies sponsored by CIP in Ecuador
 

Urainees examining potatoes for Nacobbus nematode
 
damage in Bolivia
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Short term training to meet the individual
 
needs of scientists from national programs was organized
 
for scientists from Colombia, Chile, Bolivia and Peru.
 
These visiting scientists concentrated on potato nematode
 
problems and received a total of 19 man-weeks of instruc­
tion. In addition, two scientists from Peru and Cuba
 
received special training in Virology and seed production.
 

A visiting scientist from Colombia spent two
 
weeks at CIP facilities in Lima, working with CIP virolo­
gists on problems related to virus research and its ap­
plication to seed production. Another scientist from
 
Ecuador, after completing his M.S. degree with the Plant
 
Breeding Department at Cornell University, spent one week
 
at CIP facilities in Mexico. The purpose of his visit to
 
the Toluca Valley Station was to study the CIP germ plasm
 
collection for possible utilization of clones with late
 
blight resistance in Ecuador.
 

Region II - Central America and the Caribbean
 

A course in potato production technology was
 
held in Mexico during May thru September 1974, The 3 1/2
 
month course was held in the Toluca Valley, Mexico State,
 
with visits to the principal potato cultivation areas in
 
Mexico. Furthermore, technical instruction at the Agri­
cultural College at Chapingo was given on Virology, My­
cology, and Nematology. Special emphasis was given to
 
seed production and on the development of potato varie­
ties resistant to late blight. Seven trainees from five
 
countries participated in the course: Mexico (2), Guate­
mala (1), Panama (2), Dominican Republic (1), and El Sal­
vador (1). A similar growing season course will be held
 
in Mexico in 1979, for a five-month period.
 

Thirty clones of CIP's germ plasm bank in
 
Mexico, were sent to Costa Rica, Honduras, Panama, El
 
Salvador, and the Dominican Republic for screening by
 
National Programs for adaptation and late blight resist­
ance. More intensified trials will be held in Guatemala,
 
Costa Rica, Panama, Cuba, and two areas of Mexico, using
 
46 different clones in 1975.
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Trainees examining bacterial wilt damage in a
 

Kenya field
 

Members of a training course being conducted
 
at Nairobi, Kenya
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Region III - Tropical Afr:ca 

In 1974, CIP sponsored the Third Annual Course
 
in Potato Production jointly with the Kenya National Program.
 
Twenty-two trainees from seven African co,;ntries partici­
pated in the three-week course held at the National Agricul­
tural Laboratories in Nairobi. Five CIP scientists joined
 
the personnel of the Kenya National Potato Program and the
 
British Potato Team to provide the instruction for the course.
 
The course inc>-ded some ciassroom and laboratory work, with
 
major einr:h. sis on practical field work including the identi­
ficaticn ci potato re.es, agrcrnomic practices, disease
 
control, seed production, and potato quality. The final week
 
of the course was spent on a fi.eld trip visiting potato pro­
duction areas of Kenya. A production specialist has been
 
identified for Region III, who will be based in Nairobi with
 
regional responsibilities throughout Tropical Africa.
 

Region IV - Middle East and North Africa
 

CIP's Region IV prcgram was initiated in February
 
1974, with the staticning of our first Prcduction Specialist
 
in Beirut. The Region IV program developed very rapidly and
 
established contazcts with many of the potato producing coun­
tries of the Middle East and North Africa. During the year.
 
specialists from CIP Limal and from the International Agricul­
tural Center at Waganingen, The Netherlands cooperated with
 
CIP's Region IV staff to assist national potato inpiovement 
programs in the region Caiic, Egypt, in May i9 4, the 
First Workshop-Semina: ir: Pct&,o Seed Prcduition and Storage 
in the Arab countries was crganized by CIP, ind sponsored the 
Ministry of Agficulture Af Egypt, CIP and ALAD A total of 75 
participants from nine Atab ccuntries Eqypt, Iraq, J-.odan, 
Lebanon, Libya, Saudi Arabia, Sudan, Syira and Tunisia) fAO, 
COMAP (Committee of Early Crops and Citrus of MAGHREB Coun­
tries), the Central Cooperative for Seed Pioduction of Tunisia, 
ALAD, and CIP attended the Workshop-Seminar The main subJccts 
covered in the workshop referred tc technology and problems of 
seed production and stcrage, national seed production programs, 
and a review of the current status of potato pioduction in the 
participating countries 
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A short course- Potato Diseases and Seed Certi­
fication sponsored jointly by CIP and the Lebanese Ministry

of Agriculture was held at the Tel Emara Experimental Sta­
tion during May. Thirty-six participants attended, repre­
senting seed certification inspectors, extension agents,
 
potato growers and representatives of private agricultural

companies. CIP, Agricultural Research Institute and American
 
University of Beirut staff conducted lectures and field
 
visits.
 

One Lebanese research assistant spent six months
 
in 1974 working with CIP's regioiil representative, after
 
which he assumed the leadership of Lebanon's National Program
 
based at the Agricultural Research Institute.
 

A comprehensive group of "Increasing Yield De­
monstrations" was carried out in the Bakke Valley with pro­
gressive farmers. Yields obtained were over 100% greater

than the average for Lebanon and up to 50% greater than that
 
of progressive cooperating farmers.
 

Short courses will be held in Jordan, Lebanon and
 
Syria on Potato Production with emphasis on Seed Production
 
during 1975. In addition, a short course on Potato Storage

will be held in Egypt. An additional Research assistant will
 
be identified to work 6 months with the CIP Regional Repre­
sentative.
 

Regions V, VI and VII
 

In 1974, CIP scientists made contacts with national
 
programs in Regions V, VI and VII. Trainees were accepted

from these regions, special projects were developed and de­
tailed surveys of potato production problems were made by CIP
 
staff but no regional programs were begun in these three re­
gions.
 

In 1975, CIP plans to base production specialists

in Pakistan, India or Nepal and Korea to initiate regional
 
programs in Regions V, VI, and VII, respectively.
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Formal degree training courses
 

There are formal training programs at CIP and
 
the cooperating universities at the Masters, Ph. D. and
 
post-doctoral level.
 

Training leading to the Masters Degree
 

This is in conjunction with the National Agrar­
ian University adjacent to CIP's facilities in La Molina.
 
There were 19 scientists entered in Master Degree training
 
courses by CIP in 1974.
 

Training leading to the Ph. D. Degree
 

This is in conjunction with institutions in
 
developed countries where formal course work is accomplished
 
with a major portion of the thesis work done at CIP facili­
ties in Peru. There were eleven scientists entered in this
 
type of training program with CIP in 1974.
 

Post-Doctorate Training
 

There were seven newly trained Ph. D. scientists
 
on post-doctoral appointments at CIP in 1974. 
 CIP is using
 
some post-doctcral positions to look at future young staff
 
members, and to train scientists for possible regional as­
signments as the Outreach program is expanded,
 

The following is a summary of Advanced Degree and Post-doctorate
 
training conducted by CIP and its cooperating universities in
 
1974:
 

Man Years of Training for 1974 and Projected for 1975 and 1976
 

1974 1975 1976 

Non Degree 11.75 15 18 
M, S. 16.0 23.0 27 
Ph D. 9.75 13.75 15 
Post-Doctorate 6.25 7.25 9 
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CIP's activities in the area of socio-economics
 
is located in Outreach. These activities center around the
 
following three subjects:
 

1. 	The identification of where the need and opportunity are
 
greatest in each region.
 

2. 	The determination of how CIP can best conduct its program

with the target countries, and
 

3. 	The identification of evaluation procedures which can

help CIP determine its effectivenesss in the target coun­
tries and the region.
 

Through special project support the Interamerican
Development Bank is providing an economist to work specifical­
ly on these problems in Latin America. 
The 	German Government
 
is providing special project support for economic studies in
 
potato production in Kenya.
 

RESEARCH CONTRACTS-1974
 

Because of the importance of the potato in Europe,
North America and elsewhere in developed countries, extensive

research has been conducted to resolve production problems.

Many of the problems are commnon to those faced by CIP. 
Through

Contract Projects funded by CIP, existing facilities and cepa­
bilities at various universities and agricultural research

institutes are being utilized to help solve mutual priority

potato improvement problems. 
CIP funded four Contract Pro­
jects in 1973, and a total of eleven in five countries in 1974.
 

Substantial contributions by host institutions at­
test to the mutual commitment to Projects. For example, to
CIP contracts at four universities in the United States was
 
added US$145,000 as contributions by these institutions.
 



Very substanl-:i.al progress has already b,'en made 

by research contracted in 1972 and 1973. This is due to ti*. 
relatively short lag time in initiating research by estab­

lished research teams.
 

The following Research Contract Projects were
 

active in 1974:
 

1. 	 University of Wisconsin - "Increasinig Yield and Adapta­
tion of Cultivated Tetraploid Potatoes". S.J. Peloquin
 
and L. Sequeira.
 

Objectives
 

a) Increase potato production by the use ol nv: 

parental materials and br.edi.nc; mutho(. to dovelop '.o''r 
yielding, more widely ada,'.,t,: I x. r.i-. s. 

b) Assist thie Interratonal Fotat,' Center in th. 
development of facil.ities and procodure:; for centers cf 
germ plasm inaintenance and eva.Lition ).n it.in Ai:no:ica. 

c) Use the haploid approach for trans~erring vai­
uablc germ plasm fror wil' Sc,.lana:: srecj.e- i.nto Jnpr C.. 

parental clone:3. 

d) Investigate the fjenetic and biochemical , y.­
tems controlling resistance to bacterial wilt. 

2. 	Cornell Universi.ty - "The Utilzation of So.ianum .ui,­
rosum spp..aneJigena Germ Plasm in Potato Improvement and 
Adaptation". R.L. Pai.*,teb,, F.D. 'hur,.ton, W.A. P-w. .n:, 

R.E. Anderson, b.,. Brodie, M.B. Harrison and F.E. Ewing. 

Objectives
 

a) To conduct inestlqa:tors 1-o evt.aluate an,. to 

select within the broad range of Solantini tubeooszti splp. 

andigena germ plasm to make it more valuable and acces­

sible to potato breeders from the developing countries 

in the tropics and throughout the world. 

http:Universi.ty
http:br.edi.nc
http:substanl-:i.al


-72­

b) To incorporate resistance in tetraploid clones
 
to the spectrum of races of the golden nematode, Hetero­
dera rostochiensis that exist in Peru.
 

3. North Carolina State University - "Breeding and Adapta­
tion of Cultivated Diploid Potato Species". 
 F.L. Haynes
 

Objectives
 

a) To isolate and identify superior clones for
 
direct use in both the highland and lowland tropics.
 

b) To study the adaptation to the temperate zone
 
of diploid Andean Solanum species as potential sources
 
of new germ plasm for commercial exploitation.
 

c) To cooperate in studies of the extraction of
 
diploid clones from cultivated tetraploid S. tuberosum
 
(both subsp. tuberosum and andigenum) and their potential
 
as breeding clones.
 

d) To conduct genetic and cytogenetic studies
 
among the diploid species and derived diploid clones
 
(haploid S. tuberosum), and the hybrids between them.
 

4. Universityof Minnesota - "Evaluation of CIP Germ Plasm
 
Collection for Production of Potato Cultivars with High

,uality Protein and with Frost Resistance". P.H. Li and
 
S.L. Desborough.
 

Objectives (Protein)
 

a) Evaluate genetic sources with superior tuber
 
protein by procedures which estimate both, the protein
 
quality and quantity.
 

b) Improve screening methods for protein suitable
 
for use in a breeding program.
 

c) Delineate the optimum environment for the pro­
duction of tuber protein.
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d) Acquire knowledge concerning the genetic
 
control of tuber protein.
 

e) Advise and train students in the above areas.
 

Objectives (Frost Resistance)
 

a) Identify genetic sources of frost resistance
 
by a standard screening method.
 

b) Characterize the influence of environmental
 
factors on frost resistance.
 

c) Study the biophysical parameters of freezing
 
injury differences between susceptible and resistant cul­
tivars.
 

d) Advise and train students and technicians in
 
the above areas.
 

5. 	The Swedish Seed Association, Svalov, Sweden - "Develop­
ment of Late Blight Resistance of Cultivated Potatoes".
 

V.R. Umaerus.
 

Objectives
 

a) To 	cooperate in studies of the germ plasm
 
available to CIP in search for sources of field resist­
ance.
 

b) To conduct studies of resistance with emphasis
 
on:
 

(i) 	 resistance to entrance of the parasite
 
into the leaf;
 

(ii) resistance to growth of the parasite
 
in the leaf (lesion development);
 

(iii) relation between leaf resistance and
 
tuber resistance and the influence on
 
other tuber characters, e.g. cooking
 
quality.
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c) To conduct genetic studies concerning the in­
heritance of components of field resistance.
 

d) To cooperate in studies of the adaptation of
 
field resistant clones to temperate, subtropical and
 
tropical conditions with emphasis on the expression of
 
resistance.
 

e) To extract information from the above goals

with emphasis on development of methods of selection,
 
evaluation and other aspects of breeding potatoes resist­
ance to late blight.
 

6. 	I.V.P. Agricu±tural University, Wageningen "A Breeding
-
Program to Utilize the Wild Solanum Species of Mexico".
 
J.G. Th. Hermsen.
 

Objectives
 

a) To overcome the crossability barriers between
 
cultivated potatoes and certain wild Solanum species of
 
Mexico.
 

b) To produce hybrids and to evaluate their value
 
to breeding programs, particularly as related to new
 
forms of resistance to Phytophthora infestans.
 

7. 	Research Station for Arable Farming, Wageningen - "Ad­
tation of the Potato Crop to Drought and High Temperature". 
D. van der Zaag.
 

Objectives
 

a) To develop a method to determine in the field
 
the degree of stomatal closure and to establish the re­
lationship between stomatal aperature and rate of photo­
synthesis (or production).
 

b) To use stomatal aperature data to determine
 
the influence on production of: (i)number of irrigations,

(ii) water quantity per irrigation, (iii) root develop­
ment, and (iv) water holding capacity of the soil.
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c) To investiqate the reaction of different Do­
tato varieties and scec.tes dur3nq drought by stomatal
 
closure.
 

d) To study the influence of physiological age
 
of seed tubers and the effect of high temperatures on
 
the ratio of haulm to tuber qrowth.
 

e) To develop methods to test seedling resist­
ance to heat.
 

8. 	Foundation for Agricultural Plant Breeding, Wageningen ­

"Resistance Breeding Against the Potato Eelworm". C.A
 
Hui3sman.
 

Objectives
 

a) To screen Dutch breeding material with resist­
ance to different pathotypes of Heterodera rostochiensis
 
to establish which pathotypes occur in tropical regions.
 

b) To determine the pathotypes of different eel­
worms in samples sent to the Netherlands.
 

c) To study degret., types and Lnheritance of re­

sistance and the compositon of rathc.typv- against which 
the 	resistance is valid.
 

d) To study the inheritance of tolerance and iow
 
susceotibility in parental lines.
 

e) To screen and study resistance of wild and
 
primitive potatoes against different pathotypes.
 

9. 	International Agriculture Center, Wageningen - "Potato
 
Improvement in the Midale East and North Africa". H.P
 
Beukema.
 

Objectives
 

a) To assist CIP in the development of its train­
ing program in Region IV
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b) To provide short-term consultants, courses
 
for 5 trainees annually at IAC and regional short courses
 
in Region IV.
 

10. 	Universidad Nacional Agraria, Lima, Peru - "Environmental
 
Physiology of the Potato - An Approach". U. Moreno.
 

Objectives
 

a) To study the effects of adaphic and climatic
 
factorE on growth, development and metabolism of the
 
pctatc plant,
 

b) To study the range of adaptability of the po­
tato to different environment including certc'n aspects
 
of physiological degeneration due to unfavorable envi­
ronmental factors.
 

11. 	Centro Regional de Investigacion Agraria, La Molina,
 
Peru - "Utilization of the cultivated diploid species
 
for the improvement of the culinary and nutritional qual­
ity of the potato". F. de la Puente.
 

Objectives
 

a) To develop a program to improve the culinary
 
and nutritional quality of the cultivated diploid species.
 

b) To improve the adaptation, yield and tolex­
ance or resistance to the principal diseases of the
 
cultivated diploids for Peru, the Andean region and other
 
areas.
 

Rather than summarizing the volume of data from all Con­
tract Project Reports, a few selected items are presented to
 
provide a qualitative assessment of progress. Certain other
 
items of significance are included under respective Thrusts.
 

Viris Y resistance 

In trials at Cornell mechanical inoculation at the seed­
ling stage proved to be a reliable means of transmitting virus
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Y aar resitP, in iccurate screening for resistance. Of
 
641 tuberosum x tuberosum clones tested, 170 were resistant
 
and 196 were susceptible. This fits a 13:15 ratio, assum­
ing random chromatid segregation and a single dominant gene
 
conferring resistance. Plants that were resistant to mecha­
nical transmission were also resistant when inoculated by
 
aphids, indicating the reliability of mechanical transmis­
sion.
 

To determine the type of resistance, top-graft
 
and approach-graft tests were made. Failure to recover the
 
virus from inoculated resistant plants by either grafting
 
method suggests that immunity is the type of resistance in­
volved.
 

Heterosis
 

To evaluate the progress achieved through selection
 
in the Cornell andigena program in 1974 remnant samples of
 
seed from several cycles were sown to produce tubers. Only
 
reasonably representative samples of second through fifth
 
cycles were available.
 

Generation Number Percentage Number of Total Weight
 
number of plants tuberized tubers in grams
 

0 233 57 342 1610
 

2 236 74 465 3098
 

3 238 75 498 3772
 

4 239 86 598 5015
 

5 229 90 614 6000
 

The number of tubers harvested showed an increase
 
with each cycle; more dramatic was an increase in total
 
weight of tubers. This trial will be grown in the tield in
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1975 in Peru and Ithaca. It is planned to cross each of
 
these cycles in bulk to a common tuberosum tester to eval­
uate the "evolution" of heterosis.
 

Insect resistance
 

Potato cultivars resistant to Myzus persicae,
 
the green peach aphid, Macrosiphum euphorbiae, the potato
 
aphid and Empoasca fabae the potato leafhopper could play
 
important roles in pest management for potatoes: a) be­
cause of the decreased availability and effectiveness of
 
insecticides; b) in providing crop insurance to farmers in
 
less developed countries; and c) by minimizing the disrup­
tion of beneficial insect populations.
 

Nine of 86 fifth cycle andigena clones had sig­
nificantly fewer green peach aphids on them than Katahdin
 
(P = 0.05; LSD test). Twenty-one of the same clones had
 
significantly fewer potato aphids than Katahdin while seven
 
clones had fewer numbers of both aphid species. Clones with
 
relatively small numbers of aphids probably do not represent
 
escapes, as the aphid populations were larger, e.g. from 44
 
peach aphids on the most resistant clones N 551-17, to 562
 
on N 522-23 the most susceptible.
 

Preliminary results have also shown that potato
 
leaf hopper members were significantly lower on 9 to 57 fifth
 
cycle andigena clones also tested under the Cornell Contract.
 
Thirty-five clones had less hopperburn than the Katahdin
 
control.
 

Nematode screening
 

Prior to testing clones in Peru for resistance to
 
aggressive pathotypes of Heterodera rostochiensis and H.
 
pallida, 7504 clones were screened at Cornell in 1974. A
 
Solanum sanctae-rosae derivative crossed onto Katahdin was
 
the outstanding new tetraploid family, segragating 45 resist­
ant to 4 susceptible. Several other crosses onto Katahdin
 
involving S. sanctae-rosae, S. spegazzinii, and S. vernei
 
gave resistant progeny with segregation ratios approximating
 
1:1. Many of these clones have excellent size and shape.
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Several of the new diploid introductions (1497
 
tested) contained genes for resistance to pathotype A of
 
the golden nematode. One entry of S. spegazzinii and one
 
of S. vernei appear to be homozygous for resistance. A
 
list of the best family of each species and their segrega­
tion ratio follows:
 

Solanum Species Resistant Susceptible
 

chacoense 27 3
 

gourlayi 3 0
 

infundibuliforme 7 0
 

kurtzianum 45 14
 

spegazzinii 61 0
 

venturii 8 0
 

vernei 55 0
 

One hundred nineteen of the best interspecific
 
diploid clones, based on two or more years of screening in
 
New York State, were sent to CIP for testing against the
 
four nematode populations established there.
 

Bacterial Wilt
 

During 1974 research continued at the University
 

of Wisconsin into factors controlling resistance in culti­
vated tetraplold potatoes to race 3 of Pseudomonas solana­
cearum, the cause of bacterial wilt. The segregation ratio
 
in F hybrid progenies from crosses between resistant and
 
susceptible parental clones was distributed in a bimodal
 

pattern. Resistance to race 3 is a highly heritable, dom­

inant characteristic. An hypothesis was developed that re­

quires four dominant independent genes for resistance. There
 

was good agreement with this2model in 14 out of 20 crosses
 

tested as indicated by the X values. With the use of this
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model it was possible to predict reasonably well the re­
sistant:susceptible ratio that should be obtained with the
 
cross 1386.22 (R)x 5536.7 (S); predicted 19:56, observed
 
17:58. In 6 out of the 20 families however, the R:S ratios
 
obtained differed significantly from those expected on the
 
basis of the proposed model. Tests on families that did
 
not fit the four-gene hypothesis are being repeated under
 
carefully controlled conditions - particularly for plant
 
vigor which influences resistance markedly.
 

Just prior to inoculation of progeny from the
 
cross 1388.30 x 1386.2 with isolate S-206, lateral shoots
 
were excised from each plant, rooted, the plants grown to
 
the pre-bud stage, and inoculated with isolate K-60. The
 
resultant R:S ratio (52:44) corresponded very closely to that
 
predicted by the model (X2 = 0.16, p = 0.68). That 41 indi­
vidual plants from this progeny differed in their reaction
 
to isolate K-60 and S-206 indicates clearly that an independent,
 
rather than an additive mode of inheritance is involved.
 

Late Blight
 

In laboratory assessment of field resistance car­
ried out under Contract at Svalov, Sweden, a micro-plot tech­
nique (I cm2 leaf area) was devised to assess the infection
 
efficiency of a standard isolate of Phytophthora infestans.
 
The technique relies upon a device which atomizes a zoospore
 
suspension of 50 spores per mm2 at 1-5 kp per cm2 onto a de­
fined leaf area of 1 cm by means of a timed impulse. Inoc­
ulated leaflets are incubated in plastic boxes lined with
 
water-soaked foam plastic coated with tissue paper and a
 
plastic net. Infections are assayed after 4 days incubaticn
 
at 100% R.H., + 150C and constant light.
 

The precision of the micro-plot technique permits
 
an analysis of the following components of field resistance;
 
resistance to entrance (IE ), resistance to invasion (LES)
 
and, resistance to sporulaYion (CON).
 

In preliminary greenhouse trials with 76 dihaploid
 
and 55 tetraploid clones the possibility of analysis of the
 
components for resistance to late blight was investigated.
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In general IEV probably most closely reflected field tests.
 
Values for LES and CON were lss reliable under greenhouse
 
conditions. IEv increased with longer day length i.e. dur­
ing winter greenhouse studies in Sweden. Haemacytometer
 
counts of spore production were more uniform than counts by
 
an automatic electronic counter. In summary, clones with
 
comparable phenotypic total field resistance apparently in­

herit the resistance with differential efficiency. It
 
seems possible to separate the components of resistance.
 

Research was continued into correlation between
 
polyphenol oxidase (peroxidase) activity and foliage resist­
ance to late blight. As shown in the table below there is
 
an indication of a positive correlation:
 

Clone Peroxidase activity Invaded leaf
 
number mg/min/g area after 5
 

days (cm2 )
 

H A 143 1.68 .43
 

P 201 2.99 .59
 

H A 139 3.44 .82 

H A 141 4.79 1.33 

H A H 6 4.84 1.22
 

P 192 5.52 1.68
 

2.83
H A 117 9.99 


It was confirmed that zoospore liberation as well as
 

germ tube growth seem to be stimulated by gibberellic acid up
 
to 10-2 ppm, above which it becomes increasingly toxic.
 

Five different methods were tested to study the re­
sistance of tubers to late blight. No method was entirely
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satisfactory since all involved inoculation of cut surfaces
 
before or after a suberization interval. The method de­
scribed by Schober and Hoppnes, Potato Res. 15:378-383, 1972,
 
gave reproducible results in general agreement with field
 
observations. Variance analyses and heterogeneity tests in­
dicate the method may be useful in the search for linkages
 
with foliage components ior resistance.
 

Drought stress
 

Four Contract Projects were initiated by scien­
tists in Wageningen, the Netherlands, in 1974. Mention will
 
be made only of progress in the project to compare methods of
 
assessing water stress in the potato plant as related to short
 
drought periods.
 

Experiments were conducted under controlled condi­
tions to determine with the Bintje variety whether: 1) leaf
 
water potential determined with a pressure chamber; 2) stom­
atal diffusion resistance determined with a porometer; or 3)
 
the relative water content in leaves are re!ated to soil
 
moisture levels and photosynthesis.
 

Correlation coefficients relating these factors 3
 
and 6 weeks (W)after tuber initiation were ar follows:
 

% soil moisture 

3W 6W 

Photosynthesis rate 

3W 6W 

1. Leaf water potential 

2. Stomatal resistance 

.85 

.73 

.88 

.59 

.85 

.79 

.68 

.28 

3. Relative water content .61 .67 .62 .57 

Soil moisture content was determined gravimetrical­
ly aj44 photosynthesis rate by infra-red gas analysis. T i data
 
indica'e that the pressure chamber technique used to determine
 
leaf water potential responded most closely to changes in soil
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moisture anu phctosynthesis. Leaf water potential appears 
to c,.;por; zather sens."tively :o lc.wh" below 2. per cent 
soil mois, ire - when soil water potential decreases to 
values lower than an optimum of -0.5 bar. Transpiration,
 
and consequently photosynthesis, in potatoes is generally
 
reduced at a much lower moisture stress in leaves than in
 
many other crops, e.g. -10 bar, cereals; -3.5 bar, potatoes.
 

Frost hardiness
 

Nuclear Magnetic Resonance has been used to in­
vestigate the amount of ice formed in leaf tissue during
 
the freezing process. At the University of Minnesota it
 
was observed that the killing temperature for six different
 
potato varieties ranged from -2.5 to -5.50 C. For potatoes
 
it appears that the most hardy plants can tolerate the
 
greatest amount of ice. In wheat the fraction of liquid
 
water, approximately 25%, was the samre at the killing point.
 
It appears that the potato survives freezing by tolerating
 
ice while wheat survives by avoiding ice. About 2.0g of
 
water per gram dry sample remains liquid at the killing
 
point of potato.
 

In general, potato cultivars can be grouped into 
resistant and. -uscl.ltible tyos, ba'.se%'d on their ability to 
withstand freezing temperatures. Based on percent leaching, 
that is:
 

The conductance of leachate after freezing
 
X 10r) 

The conductance of leachate after killing
 

e.g.., Chata Blanca de Huasahuasi (CIP NO 702514, Solanum tu­
berosum spp. andigena) survived only to -20C, while Ticahua­
si CIP NO 720019, a hybrid of S. tuberosumn ssp. tuberosum 
x S. tubrosum'ssp. andiqenaJ, survived to -3 0 C. S. acaule 
was resistant to -50C (230F). Plant age, tissue age, leaf
 
hydration and pla.it growing ]location did nct appear to sig­
nificantly influence resistance to freezing.
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Potato Proteins
 

Bromphenol blue (BPB) dye was used in studies
 

sponsored at Minnesota as a rapid screening method for total
 

protein estimacion of freeze dried samples of 104 potato se-


Proteins in Red Pontiac tubers were fractioned by
lections. 

Tuberin was the main fracticn by one method,
two methods. 


while albumin was about half of the total protein by the
 

other. The amino acid composition of protein fractions ob­

tained by both methods was quite similar. Albumin, globulin,
 

glutein and residual prctein except prolamine were well ba­

lanced in essential amino acid and quite comparable to FAO
 

reference protein. Methionine was the limiting essential
 

amino acid and the biological value of albumin, globulin,
 

glutelin and residual protein did not vary significantly.
 

In conclusion, all the fractions except prolamine, which is
 

a negligible portion of total protein, are of high nutri­

tional quality. The protein in Red Pontiac on the whole is
 
-
high quality. For the analysis of total N, protein N and
 

non-protein - N in potato tubers of different clones for a
 

large number of samples, the combined procedures of alcohol
 

extraction of the samples and N determinations by Kjeldahl
 

are indicated. Alcohol insoluble N in residue is then refer-


Protein content can be calculated from
red to protein - N. 

N times the factor 6.25 (or 7.50). The protein
protein ­

content calculated from protein - N obtained after alcohol
 

extraction agreed well with the results obtained by other
 
N
methods. No correlations between the levels of protein -


N as percent of total N were observed among
and protein -

N as percent of
the andigena clones in which the protein ­

total N ranged from 40 up to 77.8. From the physiological
 
N as percent of total N
standpoint, the level of protein ­

may indicate the efficiency of potato plants to utilize the
 

available nitrogenous sources for protein synthesis; hence,
 

it may be used as one of the criteria of selection of clones
 

for breeding material or for cultivation for high protein
 

production. Electrophoretic methods have been used for the
 

detection of biochemical gene markirs. The dehydrogenases,
 

phosphatases and oxidases also we.e examined in potatoes;
 

results were inconclusive. Short periods of low temperature
 

exposure, or longer periods of cool temperature growth did
 

not cause a decline or 'run-off' of potato leaf polyriboso­
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Mes. In fact, polyribosome levels were higher in the leaves
 
of plants grown in the cool tcmpurature regimes3. The ribo­
somal RNA levels were higher in cool grown leaves after day
 
12 of treatment, while the protein and amino acid levels did
 
not exhibit a dramatic change. The preservation of polyribo­
somes during low temperatures is probably a mechanism for ef­
ficient protein production in cooler conditions. Low tempe­
ratures stimulated an increase in t Der nitrogen. The great­
est increases in nitrogen were notea in the glutamate family
 
of amino acids, i.e. glutamate, proline and arginine. The
 
protein content and composition of clones changed with tem-­
perature and the level of alkha-keto acids was lower in cool
 
grown tubers.
 

Yield in autotetrapolid potatoes
 

In research at North Carolina a model of overdom­
inant gene action was evaluated to explain heterosis for
 
yield in the auto-tetraploid potato. Various experimental
 
results were analyzed on the basis of overdominance versus
 
dcminance of favourable alleles. Analyses suggest a close
 
positiLN- correlation between heterozygosity and yield. The
 
implication of the proposed overdominant model to potato 
zreedinq would Ye that substantial , netic improvement in 
yield should he nad; by incrcas-.ng the gen&ile diversity of 
the parental clones. However, the alien sources of germ
plasm should undergo previous selection for adaptation. A 
proper balance between heterozygosity and adaptation, mainly 
to photoperiod, should maximize heterosis for yield. 

PLANNING CONFERENCES
 

CIP invited 63 experts from 31 countries to attend
 
Planning Conferences to assist in developing five-year plan:.
 
of research within specific Thrusts. To the present CIP has
 
sponsored eight International Planning Conferences. The ge­
neral Conference strategy has been to invite a team of up to
 
Lwelve experts i" a partcular component of potaLo producLk .,
 

http:incrcas-.ng
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to meet for a one-week period with CIP scientists. Prior to
 
a Conference a position paper is prepared by one of the in­
vited participants who also co-chairs the Conference with
 
CIP's Director of Research. The position paper outlines the
 
present level of technology for a specific conference sub­
ject. It is circulated a month prior to a Conference and
 
provides participants with a reference to which they can
 
react. 
An Agenda is also circulated indicating topics to be
 
discussed and assigning participants to selected topics.
 

The participants at a Conference have a mandate to
 
develop a plan of action including the identification of
 
priorities. The 
plan must have a satisfactory balance of
 
research activities between those requi-ing a long-term ef­
fort before breakthroughs can be anticipated and those re­
quiring a shorter term before a desired result can be ex­
pected. Five year plans for CIP activities take into con­
sideration research being done or planned at other institu­
tions. Thrz CIP Planning Conferences have a potential to
 
influence program planning at other 
 institutions.
 

Through Planning Conferences CIP management is
 
attempting to utilize the best available expertise to help
 
structure its research activities, The initial eight Confer­
ences have been concerned with individual research components

or Thrusts. Future conferences are being planned to inte­
grate compatible research components. The first integrated

component Conference, "Adaptation of the Potato to the Low­
land Tropics", is to be held in associati.on with the Sixth
 
Triennial Conference of the European Association fox Potato
 
Research in Wageningen, The Netherlands, during September,

1975. Components essential to the successful production of
 
potatoes in lowland tropical environments will include re­
sistance to organisms causing bacterial wilt and late blight
 
as well as physiological adaptation to tropical conditions.
 

CIP has published separate Reports on the following
 

Planning Conferences:
 

1. Potato Bacterial Wilt December, 1972
 

http:associati.on


41
 

Participants from ten countries in a Planning Conference
 
on the Utilization of Genetic Resources, April 1974
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2. 	Germ plasm Exploration and 
 January, 1973
 
Taxonomy of Potatoes
 

3. 	Late Blight Strategy August, 1973
 

4. 	Potato Protein Quality 
 November, 1973
 

5. 	Nematode Control Strategy 
 February, 1974
 

6. 	Environmental Stress 
-
Cold Hardiness 
 February, 1974
 

7. 
Strategy for Utilization
 
of Genetic Resources 
 April, 1974
 

8. 	Seed Production Technology

for Developing Countries 
 October, 1974
 

A composite Report abstracted from the first seven
of the above Reports has also been published.
 

EARTHQUAKE
 

At 9:21 on the morning of October 3, 1974, a severe
earthquake caused damage of approximately US$I00,000 to CIP
facilities. Fortunately, because of rapid evacuation of the
building no CIP personnel were injured. 
 Lasting two minutes
and 	15 seconds it 
was 	reported to have a strength of 7.7
Ritch.r as measured in greater Lima. 
However, because of the
nature of the terrain and geological deposit in the La Molina
district, experts have estimated the strength of the quake to
be above 8,0 Richter in the vicinity of CIP headquarters.
 

Donors quickly provided special support to repair the
earthquake damage. 
The 	building was of the fluid-motion earth­quake resistant design. 
It is being repaired on a rigid design
basis which gives far more resistance and protection, but it is
also more costly. 
It requires heavily reinforced concrete plates
on both end walls as well as mid-buildinq transverse and lonqi­



Example of earthquake damage to CIP headquarters
 
The central column in this picture is the right­

hand column in the picture below
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Repair.s to provide a rigiLd wall structure 
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tudinal plates. The extensive repairs has affected serious­
ly the use of some office and laboratory space and elimi­
nated the only available Conference room. Because of ex­
tensive damage to nearby University buildings, the space CIP
 
had expected to use in the National Agricultural Library is
 
no longer available.
 

LIBRARY
 

The library will complete its second year of opera­
tion in April, 1975. 1974 proved to be an active year for
 
the library as evidenced by the number of daily consulta­
tions.
 

Sixteen new journals were obtained to total 46
 
journals by subscription as well as more than 150 journals
 
by exchange or donation. The reprint collection was almost
 
doubled and many more reprints remain to be processed.
 
Space-saving, lightweight furniture was installed; present
 
shelving is almost fully occupied.
 

International exchange of publications was initi­
ated and established with institutions in: Australia, Bra­
zil, Canada, Chile, Colombia, Ecuador, Egypt, France, Ger­
many, India, Mexico, Nigeria, Philippines, Taiwan, and U.S.
 
institutions. Local exchange has also been activated. Two
 
bibliographies were published and the third one for 1974 is
 
in the process of being published.
 

A meeting of Librarians representing seven Inter­
national Centers was held early in August, in Colombia at
 
CIAT headquarters. The librarian Consultant to the Rocke­
feller Foundation as well as AID representatives from the
 
Office of Research and Institutional Grants were present
 
and contribited valuable advice.
 

The meeting was held for the purpose of achieving
 
mutual understanding of the objectives of the International
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Center librarians; analysing common problems and possible
 
solutions; and, adopting informal collaborative mechanisms
 
to assist scientists, trainees and national institutions at
 
little or no cost.
 

An ea thquake on October 3, 1974, caused consider­
able change in plans for the library, aside from delay in
 

fulfilling committments. CIP cooperative relationship with
 
both local libraries, the Experiment Station Library and the
 
National Agricultural Library, will have to be reviewed in
 
consideration of the conditions now prevailing. The Experi­
ment Station library was so severely damaged that it had to
 

be totally demolished. Presently, all library material is
 
stored in the basement of a partly completed building. The
 

Station library is thus iftoperative for an indefinite period.
 

The National Agricultural Library suffered less damage-but
 

the third and fourth floors have been evacuated. The left
 
wing of the fourth floor was allocated to CIP for storing
 
selected publications. The transfer of these publications
 
was planned to take place in December 1974, but this is now
 
not feasible. No definite date for reconstruction of these
 
floors has been established.
 

LANGUAGE INSTRUCTION
 

Instruction in Spanish is being given by Mr. Jorge
 

Palacios to English and German speaking scientists, techni­
cians, and wives, as well as English lessons to Peruvian per­
sonnel, and wives.
 

Twelve foreign staff and seven wives have received
 

Spanish lessons, while three Peruvian staff members and one
 
wife have been tutored in English in 19"74.
 

A five hours-a-day working schedule provides indi­

vidual instruction to most of the students.
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Moreno, Patiflo y Asociados 
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March 27, 1975
 

REPORT OF INDEPENDENT ACCOUNTANTS
 

To the Board of Directors
 
Centro Internacional de la Papa
 

In our opinion, the accompanying balance sheet of Centro
 
Internacional de la Papa at December 31, 1974 ani the related 
statement of source and application of funds for the year.. 
expressed in United States dollars, present fairly, on the 
bases stated in Note 1, the translation of the Peruvian sol 
statements mentioned below. The bases of translation are 
consistent v ith those used in the preceding year. Our exam­
ination of the financial statements expressed in United Statep 
dollars was made in conjunction with our examination of the 
Peruvian sol statements. 

We have also expressed our opinion dated March 27, 1975 that
 
the Peruvian sol statements of Centro Internacional de la Papa
 
for the year ended December 31, 1974, not submitted herewith,
 
present fairly the financial position of the center at that
 
date and the source and application of funds for the year, in
 
conformity with accounting principles generally-accepted
 
applied on a basis consistent with that of the preceding year.
 
Our examination of these statements was made in accordance with
 
genrally accepted auditing standards and accordingly included
 

such tests of the accounting records and such other auditing
 

procedures as we considered necessary in the circumstances.
 

Counteksigned by
 

.------ (partner)
 

OXA:mando Patifto B. 
Public Peruvian Accountant 
Registration No. 1245 



CENTRO INTERNACIONAL DE LA PAPA
 

BALANCE SHEET (Note 1) 

ASSETS
 

CURRENT ASSETS
 
Cash 

Accounts receivable from donors (Note 4) 

Other receivables
 
Advances to third parties for research
 
work 

Staff advances 

Other 


Inventories (Note 2) 

Prepaid expenses 

Total current asset, 


FIXED ASSETS (Note 3) 


At December 31,
 
1974 1973
US$ us$
 

567,874 243,793
 
626,338 2,175
 

22,373 4,057
 
10,320 11,075
 
17,160 6,339
 

676,191 23,696
 
43,730 ­
15,251 3,426
 

1,303,046 270,915
 

833.837 396,326
 

2,136,883 667,241
 



LIABILITIES, CAPITAL BALANCES AND UNEXPENDED 

CURRENT LIABILITIES
 
Accounts payable 

Institute of International Education, balance
 
of remunerations payable to scientists and
 
others 

Other liabilities 

Total current liabilities 


DEFERRED LIABILITIES
 
Reserve for indemnities 


GRANT RECEIVED IN ADVANCE (Note 4) 


CAPITAL BALANCES AND UNEXPENDED FUNDS
 
Capital grants
 
Capitalization of fixed assets 

Unexpended funds (utilized in excess) of
 
grants received 


Working capi-al grants 


Unexpended operating grants, per accom­
panying statement
 
Core 


Special projects 


FUNDS 

At December 31, 
1974 1973 
US$ US$ 

19,910 74,486
 

14,674 20,805
 
5,524 11,093
 

40,108 10,,384
 

27,047 11,642
 

350,700 70,000
 

833,837 396,326
 

93,799) 56,711 
740,038 453,037 
184,575 ­
924,613 453,037 

5,961 26,178 
788,454 ­
794,415 26,178
 

i,719,02o 479,215
 
2,136,883 667,241
 



CENTRO INTERNACIONAL DE LA PAPA
 

STATEMENT OF SOURCE AND APPLICATION OF FUNDS 


SOURCE OF FUNDS (Note 4) 
Operating grants
 
Unrestricted 

Restricted, including US$ 25,375
 
unexpended in 1973 


Special projects grants 

Earned income, net 

Capital grants for:
 
Acquisition of fixed assets, including
 
US$ 56,711 unexpended in 1973


d Working capital
* Total funds 


APPLICATION OF FUNDS
 
To Core programs

Potato research program 

Research support

Conferences and training 

Library and information services 

General administration 

General operating costs 


To special projects (Note 4) 

Total operating costs 

To Capital
 
Capital expenditures:

Net increase in fixed assets 

Working capital 


Unexpended balances
 
Unrestricted funds 

Restricted funds 


Capital grants 

Special projects 


Total application of funds 


(Note 1) 

For the year ended
 
December 31,
 
1974 1973
 
Us$ Us$
 

1,327,408 831,492
 

466,467 218,294
 
1,793,875 1,049,786
 

814,041 ­
4,053 803 

343,711 312,883
 
184,575 ­

3,140,255 1,363,472
 

701,169 450,591
 
132,125 93,604
 
531,518 289,196
 
16,762 9,697
 

285,890 150,838
 
124,502 30,486
 

1,791,966 1,024,412
 
25,587 - - - -­

1,817,553 1,024,412 

437,511 256,171
 
184,575 ­

622,086 256,171
 

3,961 803
 
2,000 25,375
 
5,961 26,178


( 93,799) 56,711 
788,454 ­
700,616 82,889 

3,140,255 1,363,472 
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CENTRO INTERNACIONAL DE LA PAPA 

NOTES TO THE FINANCIAL STATEMENTS
 
DECEMBER 31, 1974
 

OPERATIONS AND SUMMARY OF ACCOUNTING POLICIES
 

The Centro Internacional de la Papa (CIP) was constituted in
 
1972, in accordance with an Agreement for Scientific
 
Coopuration between the Government of Peru and North
 
Carolina State University, United States of America,signed
 
in 1971.
 

The CIP is a non-profitable institution, located in Lima,
 
Peru, with an indefinite life. The CIP's principal objec­
tive is to contribute to the development of the potato and
 
tuberous roots, at the national and international level, by
 
carrying out research programs, preparation and training of
 
scientists, organization of conferences, forums, seminars
 
and all other activities in accordance with its objectives.
 

In accordance with existing legal dispositions and the
 
provisions of the Agreement described above, the CI.P is
 
exempt from income tax and other taxes.
 

The aforementioned Agreement provides that, if for any reason
 
the CIP's operations are terminated, all its assets will be
 
transferred to the Peruvian Mini3try of Agriculture.
 

The principal accounting policies are as follows:
 

a) Grants received and their application are accounted for on
 
an accrual basis. Restricted operating grants and
 
unrestricted grants are accounted for in the period indi­
cated by the donor and, when grants are used abroad, the
 
expenditure is accounted for on the basis of advices
 
received.
 

In accordance with the instructions of the Consultative
 
Group on International Agricultural Research, the unex­
pended fund balances at year-end, if authorized by donors,
 
may be treated as income in the next year in order to
 
absorb the corresponding expenses.
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Working capital grants are recorded in the year they are
 

received.
 

Special projects grants are recorded in the year they are
 

received and their related expenses are applied against
 

their respective income when they are incurred.
 

b) Bases of translation
 

The books and accounts of the CIP are maintained in
 

Peruvian soles. The exchange rate between the Peruvian
 

sol and United States dollar has remained unchanged
 
since the inception of the CIP's operations in 1972.
 

Ccnsequently, all amounts in the financial statements
 

have been translated into United States dollars at the
 

free exchange rate of V. 43.38 to US$ 1.
 

as follows:c) The inventories are stated at amounts determined 


- Acquisition cost
Used vehicles for sale 


Spares and materials - Es1timated actual value
 

Up to 1973 the spares and materials were charged directly
 

to the different program accounts when purchased. The
 

effect of this change in accounting principles is not
 

significant.
 

d) Fixed assets are recorded as application of funds at the
 

time of their acquisition and simultaneously are capital­

ized at their purchase cost.
 

It is not the policy of the CIP to reduce the net value
 

of the fixed assets and the related capital account for
 
When assets are sold or retired their
depreciation. 


cost is removed from fixed assets and the related capital
 
account.
 

e) Indemnities payable upon severance to the local staff for
 

service time are provided in full in accordance with the
 
legal dispositions of Peru.
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2 INVENTORIES
 

Us$
 

Used vehicles to be sold transferred
 
from fixed assets at their acquisition
 
cost (Note 3) 11,980
 
Spares and materials 31,750
 

3 FIXED ASSETS
 

The movement of fixed assets during 1974 is as follows:
 

Balances at Retire- Balances at
 
1.1.74 Additions ments 12.31.74
 
Us$ TJs$ Us$. US$
 

Operating
 

equipment 19,408 8,457 - 27,865
 
Research equipment 89,604 198,557 504 287,657
 
Vehicles 89,244 87,047 11,980 164,311
 
Furniture and
 
fixtures 32,101 16,179 - 48,280
 
Buildings, con­
structions and
 
installations 126,606 121,711 337 247,980
 
Other 39,363 18,752 371 57,744


396,326 450,703 1319 833,837
 

During 1974, the CIP started the construction of an operating
 
station in Huancayo, Peru and a workshop and cooling plant
 
in the district "La Molina" (Peru) estimated to cost US$ 223,144
 
Work in progress of US$ 93,476 has been already debited to
 
the respective fixed asset accounts.
 

http:12.31.74
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GRANTS RECEIVED
 

The grants corresponding to 1974 are summarized as follows:
 

Unex­
pended
 

Grants of grants
 
1974 in 1973 Total
 
US$ US$ US$
 

Operating grants 1,768,500 25,375 1,793,875 
Capital grants 287,000 56,711 343,711 
Working capital grants 184,575 - 184,575 
Special projects grants 814,041 - 814,0413,5,168,8 3,136,202
 

These grants comprise:
 
Us$
 

a) Received and administered by the CIP
 
Rockefeller Foundation, including US$ 2,175 
unexpended in 1973 152,175 
International Development Agency -

United States (USAID) 550,000

International Development Agency -

Denmark (DANIDA), including US$ 56,711
 

unexpended in 1973 256,711
 
International Development Agency -

Sweden (SIDA) 206,185
 
International Development Administration -

United Kingdom (UKODA) 116,958
 
Netherlands government, including US$ 23,200
 
unexpended in 1973 203,200
 
International Development Agency -

Canada (CIDA) 331,360
 
Government of Switzerland, received and deferred
 
in 1973 70,000
 
World bank/International Development Association 65,000
 
Interamerican Development Bank (IDB) 250,000
 

2,201,589
 
Donations for special projects 814,041
 
Carried forward: 3,015,630
 



5
 

Us$
 

Brought forward: 
 3,015,630

b) Received and administered by another
 

institution
 
Grants by the German Government for the
 
pathology investigation program
 
administrated by Deutsche, Forderungsgesellschaft
 
fur Entrvicklunslander (GAWI) 
 120,572
 

3,136,202
 

The unexpended balance of the special projects grants at
 
December 31, 1974 was comprised of the following:
 

Committed 
grants Application 

Unexpended
balance 

Us$ Us$ Us$ 

Interamerican Development 
Bank (IDB) 
Ford Foundation 
West Germany Government 

577,000 
120,000 
102,041 

2,703 
11,245 
10,872 

574,297 
108,755 
91,169 

International Mineral 
Corporation (IMC) 15,000 

814,041 
767 

25587 
14,233788454 

A portion of the IDB grant amounting to US$ 506,338 and all
 
the Ford Foundation grant of US$ 120,000 have not been received
 
yet and are shown in the Account receivable from donors.
 



THE INTERNATIONAL POTATO CENTER 

Schedule I - Funds Provided and Cost of Individual Grants 

For the Year Ended December 31, 
(US$ thousands) 

1974 

Grants Research 
Research 
Support 

EXPENSES CHARGED 
Conf. & Library 
Training Doc. & Info. 

General 
Administ. 

General 
Opertin 

% of Support 
&Gral.Operat. 

to Direct 

(Overspended) 
or Unexpended 

Balance 

Unrestricted Core (I) 1,332 467 102 416 14 229 100 48 4 

Restricted Core 
Netherland Government 
West Germany Government 
I.D.B. 
Unexpended balance from 1973 

Total 

180 
111 
150 

25 

62 
106 
54 
12 

234 

14 
5 
11 
-

30 

57 
-
47 
11 

115 

2 
-
1 
-

3 

31 
-
26 
-

57 

14 
-
11 
-

25 

48 
5 

47 
2 

6 

Special Projects 
Ford Foundation 
West Germany Government 
I.D.B. 
I.M.C. 

Total 

120 
102 
577 

15 
814 

S.P. 

9 

1 
TO_6 

11 
2 
3 

109 
91 

574 
14 

788 

Capital Grants 
1.D.B. 
West Germany Government 
Unidentified Sources (Multi-purpose) 
Unexpended balance from 1973 

Total 

100 
9 

177 
57 

343 

fixed assets 
100 

9 
271 
57 

437 

(94) 

(94) 

Working Capital 
Unidentified Sources (Multi-purpose) 185 185 

TOTAL GRANTS AND EXPENSES 3,140 1,148 132 547 17 286 125 885 

(1) Includes earned income of $ 4,000 



THE INTERNATIONAL POTATO CENTER 

Schedule 2 - Detailed Schedule of Earned Income 

For the Year Ended December 31, 1974 
(US$ thousands) 

Actual 

Sources of Earned Income 

Retained Income - prior year 
Insurance premious & discounts 
Indirect Costs charged on Special Projects 

1 
2 
I 

4 

Application of Earned Income 

Applied to Core Operation 4 



THE INTERNATIONAL POTATO CENTER 

Schedule 3 Comparative Statement of Actual Expenses and Approved Budget 

For the Year Ended December 31, 
(USS thousands) 

1974 

Core Unrestricted 
Budget Actual 

Core 
Budget 

Restricted 
Actual 

Special 
Budget 

Projects 
Actual 

Capital 
Budget Actual 

Programs 
Potato Research 
Research Support 
Conferences & Training 
Library, Documentation & Info.Services 
General Administration 
General Operating 

Total 1,332 

467 
102 
416 
14 

229 
100 

1,328 466 

234 
30 

115 
3 

57 
25 

464 

15 

724 

739 

1 

16 

17 

evling Funds 
Operating Farm Equipment 
Research Equipment 
Furniture, Fixture & Off. Equip. 
Vehicles 
Constructions & Buildings 
Site Development & Install. 
Other Assets 

1 
14 

161 
-
45 
117 
1 
4 

-
8 

198 
16 
75 
97 
24 
19 

Total 33 47 

Earthquake Repairs 
Total 

75 
814 

9 
26 

Analysis of Variances 
Budget Surpluses: 

Unexpended balance 
Current Assets 

4 
-

2 
-

224 
564 

Total 4 2 788 

Deficits: 
Carry-over 1975 -?4) 




