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Foreword

This Annual Report covers research carried out during 1986, discussed
during the annual review at the end of the year, and published during
1987. Thus, to make the transition from using the date of research on the
cover to the date of publication, we will show on this year’s report the
years 1986 and 1987. In the future, only the year of publication will be
used.

Biotechnology is receiving a great deal of attention today in the CGIAR
system and in national agricultural programs. This technology is not new
to institutions such as CIP, which has already been doing modern day,
innovative rescarch with vegetatively multiplied crops for which meristem
culture and in vitro maintenance and propagation are standard practices.
Both of the commodities with which CIP is working lend themselves to
improvement by the use of the modern day tools of biotechnology; thus,
CIP is fortunate in being able to apply these new tools when justified and
to keep abreast of the latest methods in biotechnology research. But, with
potato breeders having utilized, up until now, less than 10% of the wild
tuber-bearing species in the production of potato varieties, there is a tre-
mendous amount of work still to be accomplished through conventional
research methods. There is an old adage that states **do not be the first to
take on the new or the last to put off the old.” Taking frcim this old
adage, we can be and are among the first to take on the new in biotechnol-
ogy, but we will not put off the old approaches as we continue to exploit
our most valuatle asset, the world potato germplasm collection. The devel-
oping world, with its scarce resources, cannot afford to be led astray by a
possible over-selling of the potential of biotechnology. However, those of
us committed to supporting developing country agriculture must not let
applicable and relevant new science bypass developing countries.

Periodically, new sets of catch phrases come onto the scene in scientific
research, which point toward a potential and stimulating involvement of
staff and facilities. Two new words on the scene today are *‘up-stream”’
and *‘dewn-stream,”” which refer to basic and applied research, respec-
tively. In these days, the guardians of national and international rescarch
institutions are frequent!, asking the direction toward which research
should be moving. For CIP, my answer has been that the average of our
research should be where the real action is, in **mid-stream.”” At CIP
headquarters our research is moving up-stream towards more basic
research. This is possible since many national programs are now conduct-
ing good upplied, production-type research. CIP is in the advanced stages
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of solving some of the present pricrity probl:ms of warm climate potato
production. CIP’s regional programs are moving further down-stream and
becoming more client-oriented through support to the country networks and
to national programs in their help to farmers. But when measured by the
yardstick of up-stream and down-stream research, our average will remain
about where it is right now.

CIP has moved quietly but strongly into sweet potato research. Scientists
attending an early 1987 planning conference on CIP’s sweet potatc
involvement were amazed at how much we had done in a short time with
still practically no specific core funding being provided for sweet potato
work. The reason for so much with so little is simple—most of our zotato
research program has direct application to sweet potato. Thus, our work on
collection and mairtenance, transfer to in vitro culture, identification of
viruses, and development of cleanup procedures are equally applicable to
both commodities. CIP’s research with potatoes is as advanced in most
areas as anywhere else in the world, and we are ready to make the same
application to unother similar important commodity. The TAC’s recent
priority paper for the CGIAR system clearly indicates that sweet potatoes
have been under-attended up until now for the Third World. At the 1987
plannir.g conference, staf from AVRDC and UTA as well as senior
researchers from many institutions in the developed and developing world
helped plan the next five years of CIP activities in accordance with needs
of developing countries and CIP’s comparative advantages. The results of
the conference indicated clearly that our present activities fitted very well
with CIP’s advantages for research and the needs nf developing countries.
These activities are the following: putting together a world collection of
sweer potato genetic material, learning how to identify and eliminate
viruses so that genetic material can be distributed safely, exploiting the
collection for the major traits in which breeders are interested, and using
CIP’s regional stations and the country networks for the transfer of tech-
nology and training.

The research thet is to be done now must fill the needs of the future for
swect potatoes in the developing world. Many countries with over a 3%
annual population growth are already using all of their good soils, and the
less fertile and more fragile soils are being brought into production. The
sweet potato, a highly nutritious food, is an ideal crop for these marginal
soils. Furthermore, the number of resource-poor farmers will increase in
many developing countries over the next two decades. A recent World



Bank Atlas shows that the average incomes are decreasing in many of the
countries with which we work. Under such conditions, the sweet potato
probably has an advantage over other commodities presently being
addressed within the CGIAR system, since it requires very low inputs, has
high nutritional value, the total biomass is usable, and it is an excellent
crop for subsistence and small-farm production. We at CIP are already
addressing this challenge of developing the sweet potato for the Third
World. And we will not forget that we are working with a commodity spe-
cifically well suited to the resource-poor farmer with marginally productive
land who is probably more concerned with early ground cover and a long
harvest period than early maturity and an upright vine-type for mechaniza-
tion. With only a modest increase in our present level of funding, we can
give sweet potato the same attention being given to potato. Two for almost
the price of one is still a pretty good bargain as we approach the end of the
twentieth century.

Tl | Sy

Richard L. Sawyer
Director General
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Staff

SENIOR MANAGEMENT

Richard L. Sawyer, Ph.D., Director
General

Jose Valle Riestra, Ph.D., Deputy
Director General

William A. Hamann, B.S., Assistant to
the Director General

Peter Grego1y, Ph.D., Director of
Research

Kenneth J. Brown, Ph.D., Director of
Regional Research

Primo Accatino, Ph.D., Associate
Director, Transfer of Technology

Adrian Fajardo, M.S., Executive Officer

Leonardo Hussey, Controller

RESEARCH THRUSTS
(Leaders and Co-Leaders)

I.  Collection, Maintenance, and
Utilization of Unexploited Genetic
Resources
(P. Schmiediche — Z. Huaman)

. Production and Distribution of
Advanced Breeding Material
(H. Mendoza—M. Iwanaga)

IlI.  Control of Bacterial and
Fungal Diseases
(E. French—C, Martin)

IV. Control of Virus 2nd Virus-Like
Diseases
(L. Salazar - U. Jayasinghe)

V. Integrated Pest Management
(F. Cisneros —P. Jatala)

VI. Warm Climate Potato and Sweet
Potato Production
(D. Midmore — H. Mendoza)

VII. Cool Climate Potato and Sweet
Potato Production
(J. Landeo—D. Midmore)

VII. Postharvest Technology
(S. Wiersema — R, Rhoades)

IX. Seed Technology
(P. Malagamba — A, Monares)

X. Potato and Sweet Potato in
Food Systems
(R. Rhoades—D. Horton)

RESEARCH DEPARTMENTS

Breeding ard Genetics

Humberto Mendoza, Ph.D., Head of
Department

Andrea Brandolini, Dot. Agr., Geneticist +

Enrique Chujoy, Ph.D., Geneticist

Wanda Collins, Ph.D., Breeder*

Fernmiin de la Puente, Ph.D., Breeder
(until June 1986, transferred to Genetic
Resources Department)*

Ali M. Golmirzaie, Ph.D., Geneticist

Siaan Hopmans, Ir., Breeder (until June
1986, transferred to GRD)+

Zosimo Huaman, Ph.D., Geneticist

Masaru Iwanaga, Ph.D., Cytogeneticist

Juan Landeo, Ph.D.,, Breeder

Deborah Rabinowitz, Ph.D., Biclogist* + +

Peter Schmiediche, Ph.D., Breeder
(until June 1986, transferred to GRD)

Maria Scurrah, Ph.D., Breeder

Genetic Resources (formerly Taxonomy)

Carlos Ochoa, M.S., Head of Department
(until June 1986)

Peter Schmiediche, Ph.D., Head of
Department (after July 1986)

Fermin de la Puente, Ph.D., Breeder
(after July 1986)+

Siaan Hopmans, Ir.. Breeder (after July
1986)+

Nematology and Entomology

Parviz Jatala, Ph.D., Head of Department

Javier Franco, Ph.D., Nematolcgist

K. V. Raman, Ph.D., Entomologist

Severino A. Raymundo, Ph.D., Plant
Protection Specialist*

Luis Valencia, Ph.D., Entomologist
(Colombia)



Pathology

Edward R. French, Ph.D., /*ead of
Department

John Elphinstone, Ph.D., Bacteriologist

Enrique Fernandez-Northcote, Ph.D.,
Virologist

Upali Jayasinghe, Ph.D., Virologist

Carlos Martin, Ph.D., Pathologist

Luis Salazar, Ph.D., Virologist

Bernard Tivoli, Ph.D., Mycologist* T

L. V. Turkensteen, Ph.D., Adjunct
Scientist (Netherlands)*

Physiology

Patricio Malagamba, Ph.D., Head of
Department

Cornelia Almekinders, Ir., Agronomist +

Helen Beaufort-Murphy, Ph.D.,
Physiologist

Robert H. Booth, Ph.D., Physiologist*

John H. Dodds, Ph.D., Tissue Culture
Specialist

Yoshihiro Eguchi, B.S., Agronomist +

Indira Ekanayake, Ph.D., Physiologist

David J. Midmore, Ph.D., Physiologist

Riccardo Morpurgo, M.S., Physiologist +

Noél Pallais, Ph.D., Physiologist

Siert Wiersema, Ph.D., Physiologist

Social Science

Douglas E. Horton, Ph.D., Head of
Department

Charles Crissman, Ph.D., Economist

Peter T. Ewell, Ph.D., Economist*

Anibal Monares, Ph.D., Economist

Vera Nifiez, M.A ., Anthropologist* +

Gordon Prain, Ph.D., Anthropologist
(until September 1986, transferred to
Region I)+

Robert E. Rhoades, Ph.D., Anthropologist

Gregory J. Scott, Ph.D., Economist

Norio Yamamoto, Ph.D., Ethnobotanist +

Research Support
Fausto H. Cisneros, Ph.D., Head of
Department

Dennis Cunliffe, Ing. Agr., Field &
Greenhouse Supervisor, Lima

Lombardo Cetraro, Biologist, Field &
Greenhouse Supervisor, San Ramon

Alfredo Garcia, M.Sc., Biometrician, Lima

Victor Otazu, Ph.D., Superintendent, San
Ramon

Miguel Quevedo, Ing. Agr., Field &
Greenhouse Supervisor, Huancayo

Pedro Ruiz, Ing. Agr., Field Supervisor,
Yurimaguas

Marco Soto, Ph.D., Superintendent,
Huancayo

REGIONAL RESEARCH AND TRAINING

Headquarters
James E. Bryan, M.S,, Seed Technologist

Region I — Andean Latii America
Apartado Aéreo 92654
Bogota 8, D.E., Colombia

Oscar Malamud, Ph.D., Regional
Representative

Fernando Ezeta, Ph.D., Co-leader
National Potato Program (Peru)+

Cesar Vittorelli, Ing. Agr., Seed
Production Team Leader (Peru)+

Juan Aguilar, Ing. Agr., Seed Production
(Peru)*

Claude Auroi, Ph.D., Economist (Peru)*+

Gordon Prain, Ph.D., Anthropologist
(Peru) (from October 1986)+

Urs Scheidegger, Phi.D., Agronomist
(Peru)+

Ricardo Wissar, Ing., Breeder
(Venezuela) +

Region Ii — Non-Andean Latin America
c¢/o Centro Nacional de Pesquisa de

Hortaligas, Caixa Postal (11) 1316
70.000 Brasilia, D.F., Brazil

Oscar Hidalgo, Ph.D., Regional
Representative
Anna Strohmenger, M.S., Agronomist +



Region III — Tropical Africa
P.O. Box 25171
Nairobi, Kenya

Sylvester Nganga, Ph.D., Regional
Representative

Gerrit De Vries, Ir., Agronomist
(Burundi)*

Angelique Haugerud, Ph.D.,,
Anthropologist (Rwanda)* +

George L. T. Hunt, Agr. Eng., Postharvest +

Haile M. Kidane-Mariam, Ph.D., Breeder +

Jeroen Kloos, Ir., Coordinator PRAPAC
(Rwanda)*

Michael Potts, Ph.D., Agronomist
(Burundi)*

Region IV — Near and Middie East
P.O. Box 2416
Cairo, Egypt

Sidki Sadik, Ph.D., Regional
Representative

Ramzy El-Bedewy, Ph.D., Agronomist

Cristoph Engels, Ph.D., Agronomist* +

Region V — North and West Africa
11 Rue des Orangzcrs
2080 Ariana, Tunis, Tunisia

Roger Cortbaoui, Ph.D,, Regional
Representative (on sabbatical)

Anton Haverkort, Ph.D., Acting Regional
Representative

Roland von Arx, Ph.D., Entomologist +

Region VI — South Asia

c/o NBPGR

Indian Agricultural Research Institute
New Delhi, 110012, India

Mahesh Upadhya, Ph.D., Regional
Representative

Bharat L. Karmacharya, Ph.D.,
Agronomist (Bhutan)+

Lyle Sikka, M.S., Seed Technologist
(Bangladesh)t

Region VII — Southeast Asia
cf/o IRRI

P.O. Box 933

Manila, Philippines

Peter Vander Zaag, Ph.D., Regional
Representative

Ponciano Batugal, Ph.D., Coordinator-
SAPPRAD*
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Region VIII — China

Chinese Academy of Agricultural Sciences
Bai Shi Qiao Rd. No. 30

West Suburbs of Beijing

People’s Republic of China

Song Bo Fu, Dr., Regional Representative
Qin Yutian, B.S., Liaison Officer

TRAINING AND COMMUNICATIONS
DEPARTMENT

Manuel Pifia, Jr., Ph.D., Head of
Department

Christine Graves, M.A.,
Writer-Editor

Linda W. Peterson, B.F.A., Senior Editor

Carmen Podesta, M,A,, Librarian/
Information Officer

Hernan Rincon, Ph.D., Communication
Support Coordinator

Garry Robertson, M.A., Training Program
Coordinator

Carmen Siri, Ph,D., Information Services
Coordinatort

Rainer Zachmann, Ph.D., Training
Materials Specialist

ADMINISTRATION

Office of the Executive Officer

Carlos Bohl, Transportation Supervisor

Gustavo Echecopar, Ing. Agr., Plant &
Equipment Supervisor

Ana Dumett, Asist, Soc., Social Worker

Lucas Reafio, C.P.C., Administrative
Supervisor

German Rossani, M.D., Medical Officer

Jacques Vandernotte, Pilot

Office of the Controller

Oscar Gil, C.P.C., Assistant Controller
Blanca Joo, C.P.C., Accountant
Edgardo de los Rios, C.P,C., Accountant
Guillermo Romero, Head Accountant

SCIENTIFIC ASSOCIATES

Manuel Canto, Ph.D., Nematologist (Peru)

Romulo del Carpio, Ing. Agr.,
Taxonomist (Peru)

Nelson Estrada, Ph.D., Breeder
(Colombia)

Ulises Moreno, Ph.D., Physiologist (Peru)



Carlos Ochoa, M.S,, Taxonomist (Peru)
(after July 1986)

Sven Villagarcia, Ph.D., Physiologist
(Peru)

SCIENTIFIC AND OTHER ASSISTANTS
(By Department or Region)

Walter Amoros, M.S., Breeding & Genetics

Luijs Calua, M.S., Breeding & Genetics

Walbertc Eslava, M.S., Breeding &
Genetics

Jorge Espinoza, M.S., Breeding &
Genetics

Rosario Galvez, M.S., Breeding & Genetics

Luis Manrique, Ing. Agr., Breeding &
Genetics

Jose Luis Marca, Ing. Agr., Breeding &
Genetics

Rodomiro Ortiz, M.S., Breeding &
Genetics

Roger Vallejo, M.S., Breeding & Genetics

Jesus Alcazar, M.S., Nematology &
Entomology

Arelis Carmen Garzon, B.S., Nematology
& Entomology

Alberto Gonzales, M.S., Nematology &
Entomnology

Erwin Guevara, Ing. Agr., Nematology
& Entomology

Angela Matos, Ing. Agr., Nematology &

Entomology

Raul Salas, Ing. Agr., Nematolagy &
Entomology

Maria Villa, Biol., Nematology &
Entomology

Ilse Balbo, Biol., Pathology
Carlos Chuquillanqui, B.S., Pathology
Wilman Galindez, Ing. Agr., Pathology
Liliam G. Lindo, Ing. Agr., Pathology
Charlotte Lizarraga, B.S., Pathology
Josefina Nakashima, Biol., Pathology
Ursula Nydegger, Tech. Dip.,
Pathology
Hans Pinedo, Ing. Agr., Pathology
Herbert Torres, M.S., Fathology
Emesto Velit, Biol., Pathology
Nilda Beltran, Ing. Ind., Physiology
Donald Berrios, Ing. Agr., Physiology
Fausto Buitron, Ing. Agr., Physiology
Rolando Cabello, Ing. Agr., Physiology
Nelson Espinoza, Biol., Physiology
Nelly Fong, M.S., Physiology
Rolando Lizarraga, B.S., Physiology

Norma de Mazza, Q.F., Physiology

Jorge Roca, B.S., Physiology

Daniela Silva, Biol., Physiology

Dora Pilar Tovar, Biol., Physiology

Jesus Amaya, Tech. Dip., Taxonomy

Matilde de Jara Vidalon, Biol., Taxonomy

Alberto Salas, Ing. Agr., Taxonomy

Adolfo Achata, Ing. Agr., Social Science

Hugo Fano, Economist, Social Science

Cecilia Gutierrez, Economist, Social
Science

Norma Puican, Economist, Social Science

Beatriz Eldredge, B.S., Biometrician,
Research Support

Lauro Gomez, Tech., Research Support

Jose Jibaja, B.S., Biometrician, Research
Support

Nelson Melendez, Tech. Dip., Research
Support

Luis Zapata, Ing. Agr. (Reg. I)

Jorge Queiroz, Ing. Agr. (Reg. 11)

Stan Kasule, B.S. (Reg. I1D

John Kimani, B.S. (Reg. I1I)

M. Shahata, B.S. (Reg. [V)

M. Sharkani, B.S. (Reg. IV)

M. Kadian (Reg. VI)

K. C. Thacur (Reg. VI}

Richarte Acasio, M.S. (Reg. VII)*

A . Demagante, M.S. (Reg. VII)

V. Escobar, M.S. (Reg. VII)

B. Fernandez, M.S. (Reg. VII)

C. Montierro, M.S. (Reg. VII)

B. Susana, B.S. (Reg. VIi)

Jorge Apaza, Ing. Econ., Training &
Communications

Ida Bartolini, Lic., Training &
Communications

Fiorella Cabrejos, M.S.T., Training &
Communijcations

Jesus Chang, M.S. Ed., Training &
Communications

Martha Crosby, B.A ., Training &
Communijcations

Cecilia Ferreyra, Training &
Communications

Marciano Morales-Bermudez, M .Sc.,
Training & Communications

Jorge Palacios, Dip., Training &
Communications

Jorge Vallejo, Ing. Agr., Training &
Communications

Luis Cabanillas, B.S., Executive Office

Eleana Bardales, C.P.C., Controller’s
Office

Jorge Bautista, B.S., Controller’s Office
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Jose Belli, B.S., Controller’s Office

Vilma Escudero, B.S., Controller’s Office

Alfredo Gonzalez, B.S., Controller’s
Office

Alberto Monteblanco, C.P.C., Controller’s
Office

Djordje Velickovich, Copilot, General
Operations

Rocio Jimenez, B.S., Auxiliary Services

Staff as of December 31, 1996 are listed by
Department or Region.

* Left during the year.

T On sabbatical from other institution.
+These positions are separately funded as
Special Projects by the following donor
agencies:
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Australian Development Assistance Agency

Belgiun, General Administration for
Cooperation and Development (AGUD)

Canada, International Development
Research Centre (IDRC)

Fed. Rep. Germany, German Society of
Tezhnical Cooperation (GTZ)

Food und Agriculture Organization of the
United Nations (FAQ)

Italy, Ministry of Foreign Affairs

Japan, International Board for Plant Genetic
Resource

Netherlands, Ministry of Foreign Affairs

Rockefeller Foundation

Swiss Development Cooperaticn and
Humanitarian Agency

United Kingdom, Overscas Developnient
Administration (DDA)

United States, Agency for International
Development (USAID)



List of Abbreviations and Acronyms

a.i. active ingredient

AMV alfalfza mosaic virus

APLV Andean potato latent virus

APMV Andean potato mottle virus

avg average

AVRDC Asian Vegetable Research & Development Center (Taiwan)

BARI Bangladesh Agricultural Research Institute

BPI Buseau of Plant Industries (Philippines)

BW bacterial wilt

CDH Centre pour le Developpement de I'Horticulture (Senegal)

CEC cation exchange capacity

CGIAR Consultative Group on International Agriculturzl Research

CIAAB Centro de Investigaciones Agricolas *“A-Boerger” (Uruguay)

CIAT Centro Internacional de Agricultura Tropical (Colombia)

CIP Centro Internacional de la Papa (Peru)

cm centimeter

CNPH Centro Nacional de Pesquisa de Hortaligas (Brazil)

CPE centrally planned economy

CPRA Centre de Perfectionnement et de Recyclage de Pratiques Agricoles
de Saida (Tunisia)

PRI Central Potato Research Institute (India)

cv coefficient of variation

cv., cultivar

d day

DLS diffused-light stores

DNA deoxyribonucleic acid

EB early blight

EBN endosperm balance number

ELISA enzyme-linked immunosorbent assay

EMBRAPA Fmpresa Brasileira de Pesquisa Agropecuaria (Brazil)

ENEA Comitato Nazionale per la ricerca e per 1o sviluppo dell’'Energia

Nucleare ¢ deile Energie Alternative (Italy)

FAO Fond and Agriculture Organization of the United Nations
FDR first division restitution

FONAIAP Fonuao Nacional de Investigaciones Agropecuarias (Venezuela)
g gram

GA gibberellic acid

GCA general combining ability
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h
ha

IEPGR
ICA
ICAR
IDRC
lITA
INIA
INIAP
INIPA
INPT
INRA
INRAT
INTA
IPO
ISABU

I.
lat,
LB
LER
long.
LSD
LUE

m
megq
rain
M)
ml
mm
mo

NASH
ND
nm

ns

NS

opP

Pf/Pi
PCARRD

PLRV
PNAP
ppm
PRACIPA

PRAPAC

14

hour
hectare

International Poard for Plant Genetic Resources

Instituto Colombiano Agropecuario (Colonibia)

Indian Council for Agricultural Research

International Development Research Centre (Canada)
International Institute of Tropical Agriculture (Nigeria)
Instituto de Investigaciones Agropecuarias (Chile)

Instituto Nacional de Investigaciones Agropecuarias {Ecuador)
Instituto Nacional dz Investigacion y Promocioén Agropecuaria (Peru)
Institur National de 1a Pomme de Terre (Togo)

Institut National de la Recherche Agricole (Senegal)

Institut National de la Recherche Agronomique de la Tunisie
Instituto Nacional de Tecnologia Agropecuaria (Argentina)
Research Institute for Plant Protection (Netherlands)

Institut des Sciences Agronomiqgues du Burundi

liter

latitude

late blight

land equivalent ratio
longitude

least significani diffzrence
light use efficiency

meter
milliequivalent
minute
megajoule
milliliter
millimeter
month

nucleic acid spot hybridization test
not determined

nanometer

not significant

not studied

open-pollinated

final population density/initial population density

Philippine Council for Agriculture and Resources Research

and Development

potato leafroll virus

I'rogramme National ae 1'Amenoration ae 1a Fomme de lerre (Rwanda)
parts per million

Programa Andino Cooperativo de Investigacion en Papa

(Andean region)

Programme Regional d'Amelioration de la Culture de Pomme de
Terre en Afrique Centrale (Central Africa)



PRECODEPA Programa Regional Cooperativo de Papa (Central America-Caribbean)

PROCIPA

PSTV
PTM
PTV
PVM
PVS
PVV
PVX
VY

RH
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he overall goal of CIP’s

research is to remove priority
constraints on global production and
utilization of potatoes and sweet
potatoes when CIP has a compara-
tive advartage to do so. Biotechnol-
ogical approaches are already
helping to achieve this goal and are
likely to play an even more impor-
tant role in the future. The purpose
of this article is to describe CIP's
biotechnological activities and to
discuss our philosophy toward
present and future biotechnological
research.

But first, what is biotechnology?
It has been defined by the United
States Congressional Office of
Technology Assessment as: “‘any
techniques that use living organisms
(or parts of organisms) to make or
modify products to improve plants
or animals, or to develop microor-
ganisms for specific uses.”

But *‘biotechnology’" is used in
various ways, embracing many
applied aspects of biochemistry,
molecular biology, cell biology,
microbiology, and even organic
chemistry and chemical engincer-
ing. At CIP the term encompasses
the exploitation of biochemical

molecular biological and cellular
techniques for crop improvement. It
is in this context that CIP’s biotech-
nological activities will be dis-
cussed.

Some Biotechnological Activities
within CIP

Germplasm management and dis-
tribution. For several years CIP's
potato germplasm collection, the
focal point of CIP’s activities to
date, has been in the process of
transfer to in vitro culture. Potato
nodes are introduced to in vitro cul-
ture and plantlets are produced.
This approach has assisted greatly
in genome conservation by avoiding
natural disasters that could affect
the field-grown collection and in
reducing pathogen load. The latter
is due to the fact that meristems are
low in pathogens and that thermo-
therapy can be used in combination
with in vitro culture to reduce the
load further,

Micropropagation for multiplica-
tion and distribution also plays a
very important role at CIP. Here,
techniques include the culture of
single nodes and shaken shoot
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cultures and production of in vitro
tubers. These techniques are very
rapid, prevent reinfection of patho-
gen-tested materials, ensure availa-
bility throughout the year, and
facilitate easy storage and retrieval.
Table 1 illustrates the importance of
these biotechnological methods by
summarizing 1986 statistics on in
vitro germplasm management and
distribution.

Maintenance (and utilization) of
the potato collection has been
streamlined by the use of biochemi-
cal methods. Electrophoresis of sol-
uble tuber proteins and isoenzymes
has been used to distinguish
between morphologically similar
plants. Such identifications have
resulted in the reduction from
approximately {2,000 to 5,000
potato accessions in CiP’s potato
collection. This has greatly reduced
the cost of germplasm maintenance

Table 1. Numbers of in vitro cultures pro-
duced by CIP’s tissue culiure laboratory,
1986.

In vitro plantlets in storage:

1,0u7 clones (5 tubes/clone} 11,000

In vitro plantiets exported:

2,500 tubes (3 plants/tube) 7,500

1,650 in vitro tubers 1,650
In vitre | Intlets produced

foruss ir. CIP 12,700
Clones undergoing pathogen

elimingtion 20
Somatic embryos cultured 1,000

and of breeding programs based on
the germplasm collection.

Germplasm improvement.
Embryo culture and management is
playing an important role in potato
improvement. Work on somatic
embryo culture is helping to over-
come crossability barriers, thereby
reducing hybrid generation time,
and is assisting in the development
of rapid micropropagation tech-
niques.

The ability to regenerate haploid
plants from pollen grains is one of
the success stories of piant tissue
culture. In a collaborative research
project with the Italian Nuclear
Research Agency (ENEA), an
explanation is being sought as to
why in some potato genotypes it is
casy to obtain dihaploids while in
others it seems impossible. This so-
called *‘tissue culture ability’* has
been shown to be under genet.c
control, and present data indic ate
that it may now be possible to
move this characteristic from one
genotype to another. Tissue culture
ability also appears to control other
aspects of tissue culture regenera-
tion, including regeneration of
somatic tissues such as leaves and
stems.

The search for optimal conditions
to regencrate plants from tissue
explants, single celis, or protoplasts
in vitro is of considerable impor-
tance at CIP. There are many novel
techniques of germplasm improve-
ment such as protoplast fusion and

18




genetic engineering where success
or failure depends on the ability to
regenerate plants for evaluation.
There is an enormous variaiion of
genotype response and CIP is cur-
rently attempting to standardize
these regencration methods.

Quarantine and pathogen iden-
tification. Nucleic acid spot
hybridization (NASH) is a highly
sensitive, rapid detection test to aid
in the elimination of potato spindle
tuber viroid (PSTV). The technique
is based on hybridization or anneal-
ing of nucleic acids with comple-
mentary sequences. Complementary
DNA sequences to PSTV have been
synthesized and cloned in plasmids
or bacteriophages from where these
sequences can be produced at will.
Plasmid or bacteriophage DNA that
are carrying PSTV sequences are
labeled with *2P and used as probes
for detection. The NASH test was
developed through the cetlaboration
of Beltsville Agricultural Research
Center, U.S. Department of Agri-
culture, in Maryland.

Screening by NASH is arranged
in such a way that the simple part
of the test (extraction of the plant
sap and spotting the extract onto a
test filter) can be done in CIP’s
regions and by national programs,
whereas the hybridization of PSTV
with a radioactive nucleic acid
probe is performed in laboratories at
CIP headquarters.

Virus detection by enzyme-linked
immunosorbent assay (ELISA) is a

highly sensitive, rapid assay to aid
in the elimination of potato viruses.
The technique has been in use at
CIP since 1978 and it has been
adopted in several developing coun-
tries with CIP’s technology and
active participation. Reagents and
supplies in the form of a simple kit
have already been distributed to
many national programs in develop-
ing countries.

ELISA is also used for the detec-
tion of bacteria including Pseudo-
monas solanacearum. Reagents and
kits for diagnosis of P. solana-
cearum directly on potatoes have
been developed and distributed to
several countries. In addition, for
detection of other important bacteria
on potatoes (e.g.. Erwinia caroto-
vora), antisera have already been
produced.

Some Collaborative
Biotechnological Activities

Potato protein improvement by
genetic engineering. This work has
been performed in collaboration
with Louisiana State University in
the United States. A synthetic gene,
which produces high quality pro-
tein, has been incorporated into the
potato genome using Agrobucierium
as the gene vector. We have proved
that the gene is transcribed and pro-
duces a corresponding messenger
RNA molecule, which is then trans-
lated in the plant to produce the
synthetic protein.
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Cytoplasmic male sterility. In
collaborztion with the Weizmann
Institute in Israel, CIP is developing
a potato protoplast fusion program
to transfer nuclei of one genotype to
the cytoplasm of another genotype
(donor-recipient approach). This
technique has already proved useful
in the transfer of cytoplasmic char-
acters in several plants, (c.g., cyto-
plasmic mats sterility in tobacco).
Efforts are now aimed at manipulat-
ing cytoplasmic sterility in the
potato. Fusion of protoplasts
vetween a male sterile and non-
male sterile line should allow us
to produce female parent lines for
production of true seed with male
sterility; thus, the need for
emasculation of feinale plants is
eliminated.

Genetic stability of in vitro sys-
tems. The vse of tissue culture
methods to produce somaclonal
variation (genetic variation induced
by regeneration of somatic cells that
have undergone chromosomal
changes) has drawn attention to the
overall suitability of tissue culture
methods for propagation and con-
servation of potato genetic
resources. In collaboration with
Rothumsted Experiment Station in
the United Kingdom, CIP is investi-
gating the genetic stability of all of
these in vitro methocs. Jotato plant-
lets propagated and regenerated by
a wide range of in vitro methods
are being tested to determine the
levels of somatic mutation in tissue

culture material. A number uf bio-
chemical methods, some conven-
tional and some nonconventional,
are being used to look for major or
minor genetic changes. Plants can
appear to be unchanged morpholog-
ically, but more detailed biochemi-
cal analyses car detect minor
genetic changes. For example, elec-
trophoresis of soluble proteins from
potato tubers is a very useful
approach. A more sensitive method
is restriction fragment length poly-
morphism (RFLP), which involves
enzymologically cutting the DNA of
potato chromosomes into small
fragments, separating the fragments
by electrophoresis, and comparing
the separation patterns. This project
helps us to develop methods that
will ensure the genetic stability of
potato germplasm held by CIP and
other national potato programs.
Pathogen elimination. The
present routine system of pathogen
climination at CIP and in many
national programs is thermotherapy
of plants for four to six weeks at
36° C followed by meristem cul-
ture. In collaboration with the Uni-
versity of Wisconsin in the United
States, CIP is developing new in
vitro methods of thermotherapy and
chemotherapy. Plants already in an
in vitro germplasm collection, but
still contaminated with viruses, are
cleanced in vitro by chemotherapy
and thermotherapy. Tubes of in
vitro plantlets are placed into heat
treatment for three to five weeks at
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37° C in continuous light. The plant-
lets are then removed and meri-
stems dissected and cultured. The
plantlets regenerated are then
indexed by standard indexing
methods.

Results from Wisconsin indicate
that the method is highly efficient
as a method of virus eradication.
Adoption of this methodology at
CIP will allow an increase in the
amount of material that can be
treated for virus eradication. Conse-
quently, CIP will be ablz to provide
more material much more quickly
to national programs for both breed-
ing and seed programs.

Future projects. Biotechnologi-
cal approaches will continue to be
used in several important research
areas at CIP. For example, highly
sensitive rapid techniques for identi-
fying duplicates in the new sweet
potato collection will be needed.
Improved technology for induction
of somatic embryos and the devel-
vpment of clonal seeds may be use-
ful. Protoplast fusion and other
organelle transfer techniques, such
as electroporation, may become
important for characters other than
male sterility (e.g., heat tolerance
and nematode resistance). Through
selection in vitro it may be possible
to break the linkages into the spe-
cific hybrids between the highly
desirable presence of glandular tri-
chomes, which confer resistance to
several insect pests, and undesirable
agronomic traits associated with the

wild, trichomed parents. Here,
semaclonal variation may play an
important role. New, highly sensi-
tive biochemical methods for nema-
tode identification could be very
important.

The implications of genetic engi-
neering go far beyond the improve-
ment of protein quality in potato
discussed earlier. With this
approach it may be possible to
genetically engincer potatoes to
nnprove resistance to pests and dis-
eases. Through additional collabora-
tive links, CIP hopes to genetically
engineer potato plants for resistance
to viroid and virus infections by
inserting gene sequences that inter-
fere with viroid and virus replica-
tion. This approach will allow
potato plants to be grown for more
generations in the field before being
regererated to eliminaie virus infec-
tion. CIP’s primary interest is to
insert resistance to potato leafroll
virus (PLRV) and PSTV. There
may be possibilities of engineering
resistance in the potato to diseases
caused by bacteria such as Pseudo-
monas and Enwvinia. Theoretically,
the genetic engineering approach
may permit prodiction of plants
with increased resistance to biologi-
cal stresses without making major
changes in existing agronomically
acceptable characters.

Despite this, application of
genetic engineering to potato and
sweet potato will be modest in
scope for the foresceable future.
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Synthetic genes can be used only in
a limited number of cases and the
ability to isolate and utilize natural
genes is still in its infancy. Also,
many useful characters in potato
and sweet potato are polygenically
determined and are thus presently
out of range of the genetic engi-
neer.

CIP’s General Philosophy on
Biotechnology

This review of CIP’s current and
future biotechnological activities
demonstraies that such activities are
already helping us to achieve our
institutional goals and will continue
to play an important role. Two
major issues will continue to domi-
nate our thinking on the use of bio-
technology. First, which of the
rapidly developing new biotechno-
Ingical methodologies should be
attempted and which might be fruii-
less? Second, how can we finance

biotechnological approaches, which
often require heavy investments?
Collaborative research is the key to
resolving both issues. CIP's collab-
orative biotechnological research
with other institutions has already
been illustrated. Collaborative link-
ages with experts worldwide are,
and will be, extremely important in
helping us to pursue the most
appropriate experimental
approaches. Such linkages will con-
tinue to be cost-cffective for CIP
because they involve institutions
that have alrcady made large finan-
cial commitments in personnel and
capital equipment so often neces-
sary to make substantive biotech-
nological progress.

Through collaboration, CIP also
maintains a **window’’ on biotech-
nological advances, keeping us
aware i developments ihat might
be useful in solving practical prob-
lems facing potato and sweet potato
agriculture in developing countries.

22




Potato Production From True Seed:
A New Alternative




Present Status of Potato Production

The potato (Solanum tuberosum L.) from the time of its domestication
in the Andes of South America, where it originated, was traditionally an
ascxually propagated plart. After its introduction into Europe in the late
sixteenth century, and into North America in the carly cighteenth ceatury,
crop improvement technologies were developed but asexual propagation of
the potato using seed tubers was preserved. The ccological conditions in
the temperate latitudes favor high tuber yiclds in a spring summer crop,
followed by a crop-free severe winter which also limits the survival of in-
sects, fungi, and bacteria. These conditions permit high-quality seed pro-
duction by carly plantings, when no aphids are present, and by carly
haulm killing, before aphid population buildup, to avoid virus transmis-
sion. After harvesting, tubers are stored at low cost in air-cooled stores
until the next planting scason. Under these proper production and storage
conditions, sced tubers will have an cxcellent sanitary status and an op-
timum physiological age to express their entire genetic potential for high
performance. The inherent sanitary problems related to asexual propaga-
tion have been solved, without the nced to select virus-resistant varieties.
The potato in the temperate latitudes has therefore become a high-yielding,
low-cost staple food.

In the last 100 to 150 years, the cultivated potato developed in the
temperate latitudes spread to most tropical and subtropical regions of the
world. In these new ecological niches, the crop met with several problems:
1) introduced varicties might not have had an optimum adaptation, and
being susceptible to main pests and discases they required costly pesticide
protection; and 2) ecologic and/or economic factors might have limited or
made it more difficult to establish programs for high-quality seed produc-
tion. Most of these problems stem from the fact that potatoes can be grown
almost year-round and from the continuous presence of growing plants that
harbor discases and aphids, which begin attacking the potato at an carly
stage. A sced crop, therefore, will produce infected tubers that when planted
in the next season will have their inherent yield potential alrcady diminished.
Also, duc to warm to hot temperatures, seed tubers must be kept in expen-
sive refrigerated stores to avoid fast deterioration. To overcome these prob-
lems and to obtain adequate yields, many countrics use costly sced imported
from tempcerate countries, which may not have the adequate physiological
age to fit into their potato-growing scasons. As a conscquence, the cost of
consumer potato production is very high—50% to 60% of which is rep-
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resented by imported seed cost—and the market retail price becomes too ex-
pensive for low-income groups in the developing world. The potato, then, is
still an expensive vegetable in many tropical countries instead of a low-cost,
nutritious staple food as in the temperate countries.

Since its foundation, CIP has been creating or adapting technologics to
help increasc potato production in developing countries. In the area of
asexual propagation (seed tubers), important advances have been made.
Improved seed production schemes by using tissue culture combined with
rapid multiplication and rapid disease detection techniques, low-cost seed
storage, and discase-resistant genetic materials have been developed and
introduced into developing countries. In spite of these improvements,
some of the inherent problems to asexual propagation still exist and limit,
in certain countries or regions within countries, an increase in potato
production.

In its constant search for technologics to help solve these problems,
CIP started in 1976 to use sexua’ propagation (true potato seed) as an
alternative to the asexual propagation of potatocs.

Co-uparison Between Asexual (Seed Tubers)
and Sexual (TPS) Potato Propagation

In spitc of the same final objective—high production—these two alter-
natives are different in their genetic and agronomic aspects, each having
strong and weak points which should be compared objectively (see Table 1).
This comparison has been made on the basis of available asexually propa-
gated commercial potato varicties with TPS hybrid progenies selected at
CIP. In some countrics, these progenies have reached the farmers' fields;
however, in others, they are still at the stage of on-farm trials or at the
experiment station level (this topic will be discussed Jater).

From the comparison, one can sce that truc potato seed (TPS) is a
competitive alternative for developing countries, and it has significant ad-
vantages over asexual propagation when good quality seed tubers are not
available or beyond the farmers' reach. In many developing countries
today, where food scarcity is a reality, the use of TPS could prevent the
loss of 1000 to 2000 kilograms of usable food (about 220-440 kg of energy
and 8.8 to 17.6 kg of protein), which would have to be used to produce
onc hectare of the next crop.




Table 1. Comparison of potato production using sexual (TPS) and asexual (secd
tuber) propagation.

True potato seed (TPS)

Sced tubers

e

. 80-120 g TPS/ha according to field

sowing or transplanting density.

Free from nematodes, insects, bac-
teria, fungi, and most viruses. Can
be infected by PSTV.

Requires more labor in the initial
phase of the crop.

In the early stages of plant growth,
cither from direct sced sowing or
transplanting, more vulnerable *o
weed competition, pests, diseases,
and stresses. At this stage, artificial
irrigation is rzquired.

. Tendency to niature 10-20 days

later. Comparable or higher yicld
than seed tubers. Larger number of
smaller size tubers. Relatively less
uniform in tuber quality factors.

Tubers are less adequate for pro-
cessing for fast-food industry,

Cust of storage and transportation
is extremely low,

Total cost of production is reduced
by eliminating costly seed tubers,
storage, and transportation.

1.

[38]

1000-2000 kg sced tubers/ha accord-
ing to tuber size and planting den-
sity. As a reference, seed/ha for
cereals: rice, 60-75 kg: wheat, 40-50
kg; and corn, 30-50 kpg.

Can be infested by economically im-
portant nematodes and insects, and
infected by bacteria, fungi, viruses,
and PSTV.

Requires less labor and planting can
be fully mechanized.

- In the carly stages of plant growth,

less vulnerable to stress factors due
to a more vigorous and uniform ini-
tial growth.

. Earlier maturity and clonal uniform-

ity, both physiologically and in tu-
her quality.

Well adapted for processing for
fast-food industry.

Cost of storage and transportation
is very expensive.

. Total cost of production is much

nigher.

What Is A Potato Variety Versus A TPS Progeny

Let us first consider that the cultivated autotetraploid potato (2n=
4x=48) is a highly heterozygous biological entity. When it is subjected to
sexual reproduction the individuals forming the progenies display a wide
segregation for most attributes. In this heterogeneous genetic background,
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selection starts by isclating an individual genotype (varictal selection) or
an individual progeny (progeny selection).

A potato variety is a large collection of genotypically identical individu-
als that originated from the asexual propagation of u single heterozygous
plant. The genotypic identity of all individuals will be maintained unless a
mutation occurs. The performance of a variety in a given environment will
be the result of the addition of its unique genotypic effect, the effect of
the given environment, and the interaction of its unique genotype with the
given environment. It is likely that a single genotype growing under sev-
eral environments will interact strongly with them, and its performance
will not be stable.

All variety breeding programs use a pragmatic approach—the pedigree
breeding method—by crossing progenitors with complementary attributes
to combine them in a single genotype. The magnitude of success depends
on the population size and the “eye” of the breeder to identify and isolate
a superior genotype from a large number.

A TPS progeny is a large collection of individuals, genotypically differ-
ent but with sufficient phenotypic uniformity in tuber characteristics. that
originated from sexual propagation. The performance of a TPS progeny in
a given environment will be the result of the addition of the average effect
of its genotypes, the effect of the given environment, and the average in-
teraction of its genotypes with the given environment, Genetically, it is
expected that the mixture of different genotypes in a TPS progeny wiit
have a “buffering effect” in its interaction with the environment, resulting
in a more stable performance when grown under several environments
when compared with the stability of a varicty (single genotype). The
breeding program for TPS progenies is more orthodox in its strategy and
has different selection requirements than the varietal selection. Since prog-
enies are rated by the mean performance of all individuals which compose
them, the breeding strategy should be conducted accordingly.

Selection of TPS Progenies at CIP

The use of TPS to produce potatoes has imposed the nced to select for
a number of characteristics that are not necessary for traditional potato
brzeding: seedling vigor and uniformity in the nursery, ability to recover
from transplanting, plant vigor and uniformity in the field, uniformity of
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maturity, and tuber uniformity (color, shape, and nuniber). The following
characteristics are selection criteria for both TPS and variety breeding:
earliness, yield, yield components (tuber number and tuber size), resist-
ance 15 caily blight, late blight, and viruses, and, more recently, to bacte-
rial wilt. The breeding method to select TPS progenics is recurrent selec-
tion with progeny testing.

A large number of potential progenitors are tested for general com-
bining ability (GCA) for the transmission of all of tkese attributes. So far,
CIP has selected at least 20 superior progenitors to produce TPS prog-
enies, i.e., LT-7, LT-8, LT9, TS-1, TS-2, DTQ-28, R-128.6, Atzimba,
Serrana, Atlantic, Maine-28, CFK-69.1, etc. These progenitors flower well
and produce large amounts of sced.

Each year CIP tests the ficld performance of at least 600 hybrid prog-
nies at its experiment stations at San Ramon and Lima. From the selected
group, a sample of 25 to 30 are sent every year to 12 to 15 countries for
field evaluation. This is called the International Progeny Testing Trials.
These trials, which were started in 1985, are providing important informa-
tion not only about the performance of the progenies, but also about the
value of the progenitors utilized. With the results obtained, CIP produces
large quantities of the best progenies for large-scale distribution.

Several types of progenies are produced from the progenitors selected
for GCA.

® Hybrids: These result from the cross of two given progenitors, i.e.,
Atzimba x DTO-28, Serrana x LT-7, L.T-8 x LT-7, Atlantic x LT-7,
and Atzimba x R-128.6.

® Open-pollinated clones or varieties: A clone or variety grown in the
field produces open-pollinated (OP) fruit. Under field conditions,
about 15% to 20% of the sced formed will originate from cross-
pollination while the other 80% to 85% will be from selfing.

® Open-pollinated TPS progenies: A TPS progeny growing in the field
will also produce fruit, and as in the previous type, a large part of the
seed will be from selfing and the rest from cross-pollination. Prog-
enies from poth OP clones and OP TPS progenics have a certain
amount of inbreeding. In spite of this, repeated open-pollination of
certain progenies has not decreased yields with respect to the original
hybrid.
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o Synthetic progenies: Selected progenitors are planted together, under
isolation, in the field and allowed to intermate. A variable number of
progenitors can be used (2, 3, 4, 5, 6, or more), but it has been
found that a lower number (2, 2 4) r.oduces the best synthetics for
TPS utilization. CIP iz now producing larger amounts of these prog-
enies for regional testing.

L TIN

Comparisons made at CIP among the three first types of TI’S progenies
have shown that, in general, the hybrids have a superior yield and tuber
uniformity over those of OP progenies. However, some OP TPS progenies
do not decrease their yield afier three generations of open pollination
compared to the yield of the original hybrid, e.g., Atlantic x TS,, 379643.3
x C83.551, and 378015.25 x 377250.7.

Seed Production

The production of large quantities of TPS must be achieved to facilitate
faster adoption of TPS technology by farmers. Research on methods to
improve TPS production from both a genetic and physiological aspect is an
active part of CIP’s TPS program. Potato flowering and fruit production,
strongly influenced by daylength and temperature, require daylengths of
15 to 17 hours with mean temperatures of 15° to 18° C for abundant pro-
duction of TPS. Under tropical latitudes, however, these conditicns are
not present as the days arc shorter (12-13 hr) and temperatures range
from medium to high (20°-28° C). Consequently, the production of hybrid
seed diminishes or ceases to be produced. Within its TPS breeding work,
CIP is emphasizing the selection of progenitors that flower well and pro-
duce TPS under the tropical conditions at San Ramon (12.5 hr daylength
and 24° C mean temperature).

Use of TPS Progenies in Potato Production

There are three alternatives for the use of TPS: 1) direct seed sowing
into the field, 2) transplanting, and 3) use of seedling tubers.

Direct sowing into the ficld. This is the least expensive way of using
TPS, but there are many problems that restrict its use as a viable alterna-
tive for the developing world. Under warm to hot conditions, seed germi-
nation is poor, seedlings in the field have a slow initial growth, weeds
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cause serious damage, and seedlings are easily attacked and destroyed by
insects,

Transplanting. TPS is sown in trays or in seedbeds containing a sub-
strate with adequate moisture, fertilizer, and pesticides, which favor fast
and healthy ::nination. Both trays and seedbeds can be shaded to lower
the temperature and protect the emerging seedlings from high radiation.
Ten days after sowing, practically all seedlings have germinated, and 20 to
25 days later they are ready for tracsplanting 1o the field. An extra
number of seedlings are also grown to select the most vigorous ones for
transplanting. Extreme care is taken in the following ten days after trans-
planting to avoid transplanting shock. To overcome this problem, proper
irrigation of seedliugs and insect control must be carefully managed. After
the seedlings are well established in the field, agronomical management is
similar to that for a standard tuber crop.

Production of seedling tubers from TPS. This method is based on
growing seedlings at close spacing in nursery beds (10 x 10 crn spacing or
100 plants/m®) until tuber maturity. Seedlings are established either by di-
rect sowing or by transplanting fiom seedling nurserics. At maturity, tu-
bers are harvested and stored as usual until planted for production of con-
sumer potatoes or for use as seed tubers. At the density of 100 plants per
m’ of bed, several TPS families have produced, on the average, 1100
usable tubers per m® {larger than 1 gm), with « total tuber weight of over
10 kilograms. In 30 m* of nursery bed one can produce enough tubers tc
plant one hectare of potatoes in the field. The use of seedling tubers com-
bines the advantages of potato production from true seed with those of the
traditioral planting method. A grower or a national agency using this
method can produce seedling tubers intensively in a small and casily con-
trollable area that permits the elimination of abnormal plants and off-type
tubers. Seedling tubers from TPS can also be produced during off-seacon
periods. For farmers accustomed to planting seed potatoes, the use of
seedling tubers produced from TPS presents an acceptable alternative.
Plants produced from seedling tubers have greater vigor than seedlings
and usually give better yields than transplants.

Collaborative Rescarch With National Programs,
On-Farm Evaluation, and Farmer Adoption

Through CtP’s regional research programs, TPS technology has been
tested and demonstrated in more than 40 developing countries (Table 2).
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Table 2. Research and use of TPS in developing ccuntries.

Research and use Countries

Experiment station research Chile, Argentina, Peru, Colombia, Jamaica, Ve-
nezuela, Uruguay, Costa Rica, Cuba, Mexico,
Burundi, Rwanda, Ethiopia, Senegel, Cape
Verde, Zimbabwe, Ghana, Cameroon, Kenya,
Malawi, Zambia, Egypt, Turkey, Iraq, Iran,
Tunisia, Morocco, India, Sri Lanka, Bangladesh,
Bhutan, Nepal, Philippines, Vietnam, West Samoa,
Thailand, Indonesia, South Korea, China, Fiji.

On-farm evaluation India, South Korea, Sri Lanka, Rwanda, Bangla-
desh, Philippines, Peru, Venezuela, Egypt, West
Samoa, China, Vietnam, Rwanda.

Fariner use China, Philippines, Sri Lanka, West Samoa, Ban-
gladesh, Vietnam,

Many national programs are now going through the phases of adaptive ex-
perimental research and on-farm evaluation. Some have progressed to the
point that farmers have adopted the technology and are using it in the
commercial production of seed tubers and consumer potatoes. Table 2
summarizes the different phases that this technology has reached in the
countries collaborating with CIP.

Commercial use of TPS by national prograws and farmers. The
potato is a very profitable crop in Sri Lanka, but is limited by an insuffi-
cient and expensive seed tuber supply, storage requirements that are dif-
ficult to meet, and the incidence of major seed tuber-transmiiicd dis2ases.
At present, TPS seedlings are produced on a government farm and sold
to farmers for production of seed tubers. Further, farmers have now pro-
duced consumer potatoes from their own-produced seed tubers. Some
farmers are using their own OP seed produced from standard varieties
growing in their fields.

In the Philippines, TPS is considered to be an alternative on the islands
of Mindanao and Negros, where potato yields are low due to poor seed
tuber quality. Moreover, an extra problem is the remotcness of these is-
lands from a better seed source. Both methods of transplanting seedlings
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and planting seedling tubers are being used for commercial production in
Minda:..0 and Negros by a few farmers who have obtained yields as high
as 20 to 40 tons per hectarc.

Importation of seed tubers in West Samoa has been prohibited because
of the high cost. The lack of imported seed has forced farmers to use TFS
commercially. Locally produced OP seed is used at present for potato pro-
duc.don from transplanted scedlings. The laiger tubers produced are sold
for consumption and the smaller sizes for sced tubers the following season.

TPS technology in Vietnam has been evaluated and rapidly adopted by
farmers. During 1986, over 20 kilograms of OP TPS were produced and
distributed in 500-gram packets to 35 cooperatives in 10 provinces. Seed-
lings were transplanted to 50 hectares to produce seedling tubers for the
following season. The crop from the seedling tubere outyielded that of the
local variety. Future plans are to increase seedling tuber production to
more than 100 hectares.

In Rwanda, on-farm trials have been carried out to compare the yicld
potential of scedling tubers produced from hybrid and OP TPS progenics
to that of farmers’ own sced. The mean yicld of all plots with farmers’
seed was 16.3 tons per hectare compared to a yield of 22.3 tons per hec-
tare of the scedling tuber crop. Furthermore, in more recent studies, crops
from scedling tubers have yielded 25% higher than the traditional crop.

Evaluation of TPS technology started in Egypt in 1983, and appropriate
agronomic methods and higher yielding progenics have been selected.
Uniform production of consumer potatoes is obtained using seedling tu-
bers from TPS with yields ranging from 20 to 30 tons per hectare. Based
on these results, the government will start an extensive program of cn-
farm evaluation and demonstration in 1987.

In India, TPS research and on-farm evaluation of agronomic technology
and TPS progeny selection has been successfully testcd for three years,
and significant progress has been achieved. Presently, three locally bred
hybrid TPS progenies have been selected, and several kilograms of sced of
these progenies are being produced for extensive farmer evaluation in
more than 25 locations throughout the country. The yields from trans-
planted seedlings and scedling tubers ranged from 20 to 35 tons per hec-
tare, with good tuber uniformity and acceptability jor table consumption.

The development of methodologices for producing TPS on a commercial
scale requires a major cffort to continue advancing this technology. Col-
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laborative research with national scientists in India and Chile has been ef-
fective in producing large amounts of TPS. In these two countries, effec-
tive techniques were euhanced by optimum daylengths and temiperatures.
In Chile, about 14 kilosrams of TPS of seven szlected TPS hybrid prog-
enies for distribution to countries was produced by means of hand emas-
culation of the flowers. In Indiz, however, the availability of varieties with
a flower type wiih an extended style makes ernasculation unnecessary and
therefore reduces the cost of TPS production.

Prospects for the Use of TPS Technology
in the Future

As more farmers in the developing world become exposed to TPS
technology, it is likely that the use of TPS will spread significantly and
contribute to increased potato production. The quality of the TPS prog-
enies is continuously improving by the accumulation of pest, disease, and
stress resistance factors, which will widen the range of progeny adaptation.
The use of this new alternative has high production potential and can effi-
ciently complement or replace the use of traditional seed tubers of the
common varieties. As potato production increases, by means of a more ef-
ficient and low-cost technology, the potato as a staple food will become
within the reach of large majorities of populations in the developing
world.
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Summary of Research and
Regional Programs

World Potato Germplasm Collection

A new potato species was discovered and described as Solanum don-
achui Ochoa. This species is of the taxonomic series Conicibaccata and
was found in Colombia. New sources of resistance to bacterial wilt (Pseu-
domonas solanacearum) have been found by screening 10,000 seedlings
from seven inter- and intra-specific hybrid combinations. Nore of the
species that has accessions with high levels of resistance occurs in arcas
where P. solanacearum hus been found. This strongly suggests that the
evolution of such resistance has not occurred through natural selection.

Ten thousand scedlings. representing twenty species from the taxo-
nomic series Commersoniana and Tuberosa, were screened for resistance
to potato leafroll virus (PLRV). Immunity to PLRV was found in five
accessions of the species S. chacoense and high levels of resistance were
found in three accessions of an unclassified species from the series Tu-
berosa. Utilization of these species should present no major problem if
most of the germplasm enhancement is carried out at the dipleid ievel.
Thesc ciones are already being stored in vitro.

Duplicates of CIP's cultivated in vitro collection have been taken regu-
larly to Ecuador for maintenance, and the Ecuadorian national potato pro-
gram of INIAP provides quarterly reports on the general status of the
material.

There has been good progress in the selection of aluminum-resistant
genotypes in vitro. Callus and protoplasts cultures of clones LT-2, Revo-
lucion, DTO-2, and DTO-33 were subjected to aluminum stress. Cell lines
that grew in the presence of certain aluminum concentrations were regen-
erated and the regenerated plantlets were again propagated in the presence
of aluminum. The plantlets are currently being grown in pots under con-
ditions of high pH and high aluminum concentrations for analyses of
growth and yield.

Promising results have been obtained in an attempt to genetically
manipulate male sterility at the protoplas* level. In a collaborative rescarch
contract with the Weizmann Institute in Isracl, asymetric fusions were
made to transfer nuclei of two clones (Atzimba and Atlantic) into cyto-
plasm that confers male sterility. Plantlets regenerated from these fusions
indicate that male sterility has indced been transferred.
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Sweet Potato Collecticn

Thirteen expeditions to collect sweet potato germplasm were carried
out in 1986. A total of 1079 accessions were collected in 521 localities,
and centers of great genetic variability were identified in five of the six
cauntrics explored.

CIP’s sweel potato gene baun now contains 2110 accessions which are
matintained as cloues and seed. Of these, 1967 belong to Ipomoea batatas,
814 to wild Ipomoea species. and 359 are breeding lines. Routine methods
have been established that allow single nodes and buds of screenhouse-
grown material to be introduced to in vitro culture. About 300 Peruvian
sweet potato clones have already been cultured.

Maintenance, fireeding, and Distribution of Advanced Clones

There was intensive sclection of pareatal clones to be used for variety
selection and true potato seed utilization. Six clones were introduced to
the seed program for cleanup and regional distribution. These clones are
progenitors with high general combining ability for yield and tuber uni-
formity as well as carliness and heat tolerance. One clone, 379706.34,
has been code-named LT-9. In addition to the attributes mentioned above,
it is also immune to potato viruses PVX and PVY.

New sources of resistance to early blight (Alrernaria solani) were intro-
duced to the lowland tropical populations, which resulted from research
contracts with North Carolina State University and Comell University
(U.S.). Results indicate that it is rot only possible to combine good levels
of disease resistance with high yield and heat tolerance. but it is also
possible to shorten the growing period of the material to 90-100 days. The
latter finding represents a major advance in CIP's breeding program.

Foliowing two years of field evaluation and selection of potato clones
with salt tolcrance (electrical conductivity = 3.5 mmhos/cm or more).
clones with yields ranging from 9 to 20 tons per hectare have been iden-
tified. Of a large sample of genotypes grouped in 49 families. 107 clones
from the lowland tropical population were shown to exhibit resistance to
Erwinia spp. These clones represented only !.8% of the original popu-
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lation and will be inoculated in the laboratory to select progenitors for the
next cycle of selection. Clones exhibiting high yield, medium maturity,
and resistance to late blight (Phytophthora infestans) have been selected
in several countries. At least two have been released as new commercial
varieties,

Research has led to o new approach for parental line selection for
general combining ability (GCA) for yield. It has been found that the
evaluation of open-pollinated prcgenies of prospective parental clones is
an efficient method to select those with GCA. This method is simpler and
more economical than traditional methods such as bulk pollination, clone
x tester, and complete or pariial diallels. In Bangladesh, six highly selected
clones from CIP breeding populations have shown great potential for
becoming new varieties. The national program of Vietnam has also selected
five clones introduced in 1982 for testing.

During 1986, CIP distributed potato genetic materials to 69 countries
(I5 developed and 54 developing} worldwide. The CIP Region III germ-
plasm distribution center in Kenya exported 60 clones to various countries
in Africa, and the regioral germplasm station in the Philippires distributed
a total of 2880 cuttings, 15,372 tubers, 21,000 true seeds, and 60 test
tubes of in vitro plantlets to eleven countries.

Disease Research

A new population with bacterial wilt resistance, derived from several
species, was crossed to heat-adapted, early maturing materials for use in
the lowland tropics. Maturity time was reduced froin 126 to 86 days. The
new materials have already shown promise in Mindanao, Philippines. A
new and more efficient method for inoculating potato plants and seedlings
with P. solanacearum has been developed, which involves c.. .ing a ter-
minal leaflet with scissors dipped in a suspension of the bacterium. An
antise;um against P. solanacearum, which was effective in identification
of the bacterium in plants or tubers, is now in use in 16 countries. Twenty-
two i -w sources of resistance to bacterial wilt have been identified, eleven
in contract work at the University of Wisconsin (U.S.) and eleven in Peru.

Irrigation water at San Ramon, Huancayo, and Lima was found to be
contaminated with large numbers of Erwinias, the causal agents of soft
rot; however, filtering the contaminated water through sand reduced the
numbers by 94%. Resistance to Erwinia can be increased by calcium
fertilization, which results in a thicker tuber periderm. Also, resistance to
soft rot was correlated to increased calcium in medullary tissues, higher
dry matter and greater tuber polyphenol content. Tuber rotting in San
Ramon, Peru, was shown to be the result of interaction between several
fungi and the Erwinias. In storage, tuber rotting was significantly reduced
by a prestorage treatment with calcium fertilizer and Cidial insecticide.
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In studies on late blight disease, zoospores of P. infestans were found
to be more effective than sporangia in inoculation procedures. Intensive
efforts continue in the development of populations with general resistance
to P. infestans. There have been successes in selecting clones with resist-
ance to late blight, high yield, earliness (110 days), and desirable agro-
nomic traits. Some clones with high GCA have also been selected.

Seedling screening for early blight conducted under screenhouse con-
ditions did not correlate well with adult plant field tests in San Ramon.
Hewever, a reasonable correlation resulted between seedling tests under
screenhouse conditions in Lima and field tests of the same seedling pop-
ulations in San Ramon when they were inoculated 45 and 55 days after
planting and final readings were taken at 75 days.

Fifteen clones with resistance to Verticillium dahliae were found in
Caete on the coast of Peru. Eighteen weed species in eleven families
were found to be iniected by V. dakliae in fields of the central Peruvian
highlands. A survey of 255 potato tields in Pakistan led to the identifica-
tion of 18 fungal and 3 bacteria! diseases.

The best control of damping-off and premature death, both caused by
Rhizoctonia solani, was achicved by incorporating the fumigant Basamid
with Rizolex fungicide into the soil which was covered immediately with
plastic sheeting.

Interaction between PLRV and other potato viruses was shown to decrease
the level of resistance to PLRV multiplication in clone B-71-240.2. It
seems feasible that this interaction is caused by a synergism between
PLRYV and the viruses tested, and it might explain the rapid loss of PLRV
resistance in some cultivars nnder field conditions. Rapid screening of
stem cuttings from agronomically superior progenies of TPS families has
been developed to speed up selections of clones with good agronomic
performance and resistance to viruses PVX and PVY. Studies under natu-
ral conditions confirmed the hypothesis that immunity to PVX and PVY
would give stable resistance to these viruses and, in gencral, would decrease
the. degree of degeneration of new cultivars due to virus infections.

More efficient detection of potato spindle tuber viroid (PSTV) by nucleic
acid spot hybridization (NASH) has been facilitated by new procedures
developed for preparing and labeling PSTV nucleic acid probes. The NASH
test may be used also to detect PVX, PVY, and PLRV, which arc normally
detected by ELISA. This work, in collaboration with the Plant Breeding
Institute in Cambridge (U.K.), could lead to more sensitive and easier
analyses of large numbers of samples. Improvements in scrological tests
for viruses inciude the preparation of an antiserum for potato virus A,
‘eplacing reagent grade latex by cheap industrial latex or bacterial cells
1s carriers of antibodies, and the development of immunobinding assay
»n nitroceitulose cultures.
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Microcrystals related to PLRV have been found in embrionary aphids
in the abdomen of vituliferous mothers. The significance of these findings
or. PLRV ccology in the tropics, where multiplication of aphids occurs
almost entirely by parthenogenesis, is under study.

Integrated Pest Management

Intensive effort was continued on screening potato genotypes for resist-
ance to nematode and insect pests and on finding nonchemical control
methods. Large-scale screening for resistance to root-..not nematode revealed
resistance in 8% of 150 potato clones and in 4% of a segregating popu-
latien of 3000 genotypes. Use of the nematode parasitic fungus Paecilo-
myces lilactnus in the presence of aldicarb looked promising in controlling
root-knot nematode at one quarter of the recommended rates of aldicard.
Tests are being conducted to verify these results under field conditions.

Screening trials for resistance to potato cyst nematode (Globodera pal-
lida) revealed the presence of resistant clones in carly and advanced mate-
rials. Forty-three sclected clones were passed on to the Peruvian national
potato program for tests on adaptation to different localities. One clone
(G3) is being released as a new variety in Peru, and other promising clones
are in advanced selection trials.

Of sixty species of potatoes, four showed various degrees of resistance
to potats tuber moth (PTM) damage in the foliage. There appears to be
some association between this resistance and the presence of glandular
trizhomes. New sources of resistance have been identified in clones derived
from wild diploid material.

Of 144 clones in a germplasm collection screened for resistance to
leafminer fly Liriomyza huidobrensis, 19 were found to be resistant. Prom-
ising results have been obtained in the biological control of potato insect
pests. A granulosis virus, infecting potato tuber moth larvae, was identified
in colonies reared at CIP, Lima. Initial trials with this virus for PTM
control in stores and in the field have been successful. Isolates of virus
from PTM obtained from other countries have been tested. The fungus
Beauveria bassiena showed moderate action against the Andean potato
weevil in the field.

In Tunisia, the population dynamics of potato tuber moth was studied
in relation to potato planting dates, plant growth, tuber maturity, and
timing of harvest. As a result, recommendations were given to manage
this pest through proper timing of planting and harvesting practices. In
Egypt, the combined use of light and sex pheromone traps, and the use
of phosphine as a fumigant were both effective in controlling PTM in
stores. Aphid populations were monitored in three arcas in Colombia;
Myzus persicae was the most predominant of the 13 species recorded.
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Warm and Cool Climate Production

Results confirm that splitting nitrogen applications during the dry sea-
son in San Ramon results in no yicld benefit relative to single application.
In contrast, during the San Ramon rainy season, splitting nitrogen appli-
cations significantly increased final tuber yield relative to a single appli-
cation.

Intercropping with potatoes has received consideratle attention in sev-
cral countrics. A number of potato clones tolerant to shade have been
identified in Peru. Intercropping cxperiments in the Philippines with
potato:maize in the proportion 9:1 have been very successful. Relay crop-
ping in Egypt. where potatoes are planted ir the shade of maize. has
permitted planting of potato at a time considered toc hot for the potato
crop. In Bangladesh, potatoes have been grown successiully with sugar-
cane, providing almost double the income of other sugarcane imererops.

The poor yield potential of warm-produced seed tubers, especially those
stored in diffused-light stores (DLS) in warm climates, has been con-
firmed. Yield decline of these tubers over seasons and years was site- and
clone-dependent. Cold storage was almost ineffective in offsetting the
yield decline.

Alternatives to warm climate field-produced seed tubers were studied.
Rooted stemi-cuttings of some clones gave yields similar to those of cool-
produced seed tubers. TPS transplants also gave comparable yields, but
were characterized by large numbers of small tubers. Various alternative
systems to reduce the high cost of good quality planting material are being
evaluated.

It was found that heat tolerance in potato plants is probably not related
to one specilic character and that various laboratory or screenhouse tests
may be necessary to quantify heat tolerance. In contrast, salt tolerance
may be quantified more simiply by using in vitro techniques.

Good progress continues in the idertification of heat- tolerant clones.
Certain clones (e.g.. LT-7) are known to provide good selections. Screen-
ing of pathogen-tested clones in San Ramon has also identified new sources
of heat tolerance. The yields of the heat-tolerant clones, which matured
two weeks later than the carly LT and DTO clones, were significantly
higher than those of the controls.

In population development for cool climates, emphasis was placed on
materials for the non-Andean region. Early maturing clones immune to
PVY and PVX were crossed to selected frost-tolerant clones and the result-
ing segregating progenies were screened for frost tolerance.

Efforts have continued to widen the adaptability of the frost-resistant
populations. A new sample of this population was sent to southern Chile
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to be tested for performance under natural long daylengths. The work was
carried out in collaboration with the Chilean national potato program. This
new sample, which involved 252 clones grouped in 16 families, was the
result of the use of a new methodology to screen potato plants for long-
day performance in Lima. The methodology consisted of growing potato
piants under natural short days in Lima, supplemented with artificial light
to simulate long days from planting to harvest. The Chilean program has
provided information showing that, for the second consecutive year, selected
clones from the frost-resisiant: population have exhibited high yield per-
formance as compared to that of focal varieties.

The search for cloncs efficient in the use of nitrogen continues. Studies
have confirmed that clones that yicld well under low levels of nitrogen
have a general tendency not to respond to additional nitrogen. Unfortu-
nately, some of the experiments in the greenhouse to identify nitrogen-
efficient clones did not show the same trend as the field experiments.

Postharvest Technology

Storage research focused on methods to reducs losses of consumer
potatoes in warm areas. Four new stores, divided into 10 units {500 kg
each), have been baili in San Ramon. In these stores, methods to control
potato tuber moth, soft rots, and sprouting will be integrated with tech-
nologies on store design and low-cost cooling systems.,

In research on the storage of seed tubers, the focus has been on sto.age
behavior and subsequent field performance of small seed tubers, such as
seedling tubers and clonal tubers obtained from rapid multiplication tech-
niques. The studies conclude that despite high weight losses in small seed
tubers during storage at elevated temperatures, these tubers can be stored
successfully in DLS at such temperatures. Experiments on desprouting of
seed tubers stored in DLS showed that in most of the non-desprouted
tubers, the sprout number increased little with increasing storage period.
However, desprouting considerably increased sprout number in all tuber
sizes and at all storage intervalc. The effect of desprouting on sprout
number was greater in large tubers than in small tubers due to the greater
number of eyes per tuber. Observations on desprouting also showed that
desprouting should be done before sprouts become too old, since this may
cause tuber wounding and subsequent dehydration.

The variability in storage behavior of seedling tubers was generally
similar to that observed in clonal seed tubers during storage in diffused
light, particularly when desprouting was carried out. Thus, possible dif-
ferences in variability in plant growth observed between the two types of
seed tubers probably did not result from differences in storage bchavior.

Fifty advanced clones were evaluated for storability as seed tubers and
as consumer potatoes. There were considerable differences in length of
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dormancy, incubation period (the time between tuber initiation in the field
and tuber formation on sprouts during dark storage at 18° C), rate of sprout
growth, number, length and weight of sprouts, and tuber weight loss.

In potato processing research, emphasis was placed on the transfer of
technology used in the production of dehydrated food mixes based on
potatoes. The CIP processing plant in Huancayo was made available to
rescarchers of national institutions to gain experience with this technology.
In 1986 this plant was used by collaborating institutions for a total of 539
man-days to experiment with potato-based food mixes.

Some rescarchers have modified the original mix that was developed
by CIP (code-named M6) into a food mix that is based exclusively on
Andean crops. This would probably simplify the preparation of the mix
in Andean communities. In addition, several researchers concentrated on
the use of discarded potatoes for preparation of the mix. Several rational
institutons have demonstrated considerable interest in using potato-based
food mixes in their programs. Centro IDEAS of Peru has almost completed
the construction of a small potato-processing plant, which will have a
capacity to produce 21 tons of dehydrated rood mix per month. The Peru-
vian Ministry of Health has expressed strong interest in such mixes, and
the National Institute for Agricultural Research and Extension (INIPA)
has developed construction plans for a processing plant for Andean crops,
including potato. In India, CIP continues to support a villuge-level processing
project in Bareilly that has been set up by Compatible Technology, Inc.
This project involves making potato slices, sun-drying them, grinding the
dry slices, packaging them, and marketing the product.

In addition to working on food mixes, CIP has been carrying out research
on dehydrated French fries. A low-cost, simple method was used to pro-
duce this product which has shown excellent consumer acceptability. The
product has the potential to be used in small restaurants that at present
must rely on fresh tubers for making French fries. as frozen fries are too
expensive or not available in developing countries.

An in-depth aathropological study of houseiold potato processing tech-
nologies was continued in Peru, Bolivia. and Argentina. The diversity of
potato processing techniques found in the Central Andes may well provide
essential information on appropriate techniques for low-cost processing in
other developing countries.

Seed Technology

Efforts were concentrated on incorporating resistances to late blight,
early blight, and PVY into TPS progenies, and on identifying improved
genetic combinations for vigorous seedling growth under adverse envi-
ronments. Selected progenitors with high levels of resistance to late blight
and immunity to PVY were able 10 transfer these traits to a high percentage
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of their progeny. Using the system of raised beds (as is used for vegetable
production), and increasing transplant density, researchers were able to
improve the proportion of marketable-sized tubers for TPS. Control of
damping-off in potato seedlings caused by Rhizoctonia solani was achieved
by use of appropriate rates of Benomyl, Tolclofos, and Dazomet. It was
found that seedling tuber production in nursery beds could be improved
by growing secdlings in square rather than in rectangular patterns. In this
way, hilling problems were reduced, the number of small tubers was
decreased, and production was maximized.

Good progress was made on improving the efficiency of large-scale
TPS production as well as on methodology to ensure t:2 production and
maintenance of high quality seed. Twelve kilograms of sclected hybrid
TPS was produced in Chile and distributed to approximately 50 countries.
Significant increases in TPS vigor were obtained through supplemental
nitrogen applications during sced development. Optimal berry loads, stem
number per hill, and planting densities of mother plants were defined for
selected progenitors. The treatment of seed with gibberellic acid to pro-
mote vigorous and uniform emergence has now been replaced by improved
management practices, which lead to increased berry maturity prior to
harvest, and improved TPS extraction methods. It was found that TP,
quality could be maintained by drying mature TPS at 20° C followed by
immediate storage under low moisture.

Seed tuber research concentrated on the evaluation of diverse propa-
gation methods appropriate to self-sustaining potato production systems in
warm environments. It was confirmed that faster ficld cstablishment is
obtained from tubers, followed by rooted cuttings or TPS transplants.
However, rooted cuttings showed a favorable tendency to produce lower
number of tubers, and hence larger and more uniform tubers. Seed tubers
produced in warm environments showed a marked reduction in yields as
compared to yields of those produced in cool areas. TPS transplants,
however, do not show this yield reduction when produced under warm
environments, which represents a considerable advantage.

Potato and Sweet Potato in Food Systems

CIP’s computerized data bank of potato statistics was expanded to cover
all major root crops. Contrasting patterns and trends of potato and sweet
potato production and use were analyzed. Although only about 30% of
the world’s potatoes are grown in the developing regions, almost all sweet
potatoes are produced in these regions. Potato production has tripled in
developing countries since 1960 and has remained about consiant in devel-
oped countries. Sweet potato production has only increased by 20%. China
alone produces nearly 60% of the potatoes in the developing world and
85% of the sweet pctatoes.
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Use of potato varieties in Bhutan, Peru, and Rwanda was studied at
the farmer level. Although commercial potato production is expanding
rapidly in many areas, farmers maintained older varieties for home con-
sumption because of their preferred culinary qualities or storability. The
higher-yielding improved varieties are generally grown for the market.
Work in Rwanda indicates the desirability of decentralizing and encour-
aging greater farmer participation in variety selection, maintaining genetic
diversity, and exploring alternative systems for seed distribution. Research
in the Peruvian central highlands has confirmed the feasibility of involving
small-scale farmers in sced distribution systems.

A marketing survey in Bangladesh revealed several important points:
there has been a rapid expansion of potato production and use, accom-
panied by increases in farmers’ incomes as well as declining real potato
prices at the consumer level. The study has contributed to the Bangladesh
government’s planning of its potato production and marketing programs.

A study of the Tunisian seed program identified several factors that
have contributed to the program’s extraordinary high rate of return. Research
in South Korea pinpointed the well-organized application of tissue culture
and virus testing methods as being crucial to the success of the national
seed program.

Tt.e potential benefits of the lowland potato project in the Philippines
were highlighted in a recent study. The project is now focusing on solu-
tions to three major constraints: inadequacics of the Philippines’ present
seed systems, the need for a dual-purpose variety that performs well in
both high and low areas, and financing to allow poor farmers to undertake
potato production, which is more costly than production of most traditional
lowland crops.
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Agroecological Zones of CIP’s Experiment

Stations in Peru

he cultivated potato originated on the

high plains (altiplano) in what are now
parts of Peru and Bolivia. This center of
diversity is not only for the potato but also
fer its major pests and discases.

CIP has four experiment stations located
between latitudes 6° and 12°S that repre-
sent the four major agroecological zones
of Peru: Lima-La Molina, arid: Huan-
cayo, highlands; San Ramon, mid-eleva-
tion tropics; and Yurimaguas, low, humid
tropics. The small range of latitudes gives
little variation in daylength, but the geo-
graphical location of CIP’s stations ensures
wide variation in altitude, temperature,
rainfali regimes, soil types. and inci-
dences of pests and discases. All major
climatic characteristics of tropical zones
found in the developing world are repre-
sented within Peru’s four agroecological
zones.

CIP research sites in Peru and the potato-growing seasons, with metecrological data

for 1986.
Site: Lima-La Molina Huancayo San Ramon Yurimaguas
Latitude: 12905°'S 12°07'S 11°08'S 5°41'S
Altitude: 240 m 3280m 800 m 180 m
Growing season: Jan-Mar May-Nov Oct-May  Nov-Mar May-Aug May-Aug
Air max (°C) 27.60 20.05 20.47 29.65 30.01 30.47
Airmin (°C) 18.88 13.97 6.06 18.61 15.94 21.25
Evaporation

(total mm) 505.59 53840 1203.41* 780.8 564.62 377.40*
Rainfall

(total mm) 1.50 6.5 799.53 976.60 337.10 693.00

Solar radiation
(daily MJ/m?2) 18.52 6.76

20.82 18.76 17.86 no data

* Evaporation using Piché evaporimeter.
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THRUST 1

Coliection, Maintenance, and Utilization of
Unexploited Genetic Resources

new: potato specics was discovered and described as Solanum donachui

Ochoa. In the condnuing search for new seurces of resistance to Pseu-
domonas solanacearum, about 10,000 seedlings from seven hybrid combi-
nations involving four wild and one cultivated species were tested for resistance.
None of the species having accessions with high levels of resistance has its
natural habitat in arcas where P. solanacearum has cver been found. In
another 10.000 seedlings (representing 20 species) screened for resistance 1o
potato leatroll virus, immune as well as highly resistant accessions were
found.

A second potato collecting expedition went 1o Ecuador and collected 208
samples of native cultivars and three populations of wild species. An inven-
tory of 650 native Andean potato cultivars with an array of resistances to
pests and diseases and other traits has been prepared for distribution to inter-
ested breei s worldwide. CIP now has 2035 accessions of potato germplasm
in vitro u,.er more than 1200 accessions were cultured in 1986,

In an effort to selrct aluminum-resistant genotypes. in vitro cultures of
several clones were subjecied to aluminum stress. The regenerated plantlets
are being grown under conditions of high pH and high aluminum concentra-
tion for further analysis. The Weizmann Institute in Israel. with whom CIP
has a research contract, transferred nuclei of two mberosum cultivars into
cytoplasm conterring male sterility.

Thirtcen expeditions to collect sweet potato germplasm in 1986 resulted
in 1079 accessions being collected in 521 localities Centers of great genetic
variability were identified ip five of the six countries cxplored by these expe-
ditions. CIP’s sweet potato gene bank now contains 3140 accessions., which
are maintained as clones or seeds. Of the total, 1967 accessions belong to
Ipomoea batatas, 814 10 wild Ipomoea species. and 359 are breeding lines.
Routine methods have been established 151t allow single nodes and buds of
sweet potato to be introduced to in vitro culture.

Planting stem cuttings of Peruvian accessions from
CIP’s sweet potato collection, Limu, Peru. 47



BIOSYSTEMATIC STUDIES

A new potato species, belonging to the
taxonomic series Conicibaccata, was found
in Colombia in 1986 and described as
Solanum donachui Ochoa. It has not been
possible to retain living material of the
original collection of this species for CIP's
germplasm bank; however. new collec-
tions of this species will be made in the
near future.

The endosperm balance number (EBN)
wus confirmed for the species S. ligni-
caule (1 EBN) and S. circacifolium (1
EBN). and was newly determined for §.
abancavense (2 EBN) and S. wittmackii
(2 EBN). In their range of natural varia-
tion, S. lignicaule and S. circacifolium
have genotypes with resistance to the potato
cyst nematode Globodera pallida. In the
past it was difficult to cross §. circaeifol-
ium with any other potato species; how-
ever, with the determination of the EBN
of §. circaeifolium, it is now possible to
hybridize this species with other potato
species that have the same EBN. It was
also shown that some of the species that
hybridize with S. circacifolium, such as
S. commersonii, can serve as bridging
species for further hybridization steps.
Thus, one more source of resistance to G.

pallida has become accessible to breed-
ers.

During 1986, major cftort and 1esources
went into the completion of 2 manuscript
on wild and cultivated Andean potatoes,
which will be copublished by CIP and
Cambridge University Press in 1988,

UTILIZATION STUDIES

The search has continued for new sources
of resistance to the bacterial wilt pathogen
Pseudomonas  solanacearum. Approxi-
mately 10,000 seedlings from a total of
seven inter- as well as intraspecific hybrid
combinations were tested for their resist-
ance to this pathogen. The screening
process consisted of three sequential steps:
1) tnoculation of scedlings, 2) reinocula-
tion of the transplanted survivors from
inoculation 1, and 3) retesting of the new
clonal material.

Combinations involving accessions of
S. bukasovii, 8. boliviense, and S. sogar-
andinum have consistetuly given the best
results (Table 1). The waterial is now at
various stages of multiplication and is ready
to go into the regular breeding program
for resistance to bacterial wilt. It is of
particular interest that none of the species

Table 1. Potato wild species crosses selected as resistant to Pseudomonas solanacearum by sequen-

tial inoculations in a hot house {259-319C).

Percent (%0) survival

Progenitor species Inoc. 3

and accession numbers Inoc. 1 Transplant Inoc. 2 (clones) Final
BUK 13856 x PHU 10199 56.1 56.5 46.2 100.0 14.6
BUK 13166 x PHU CCC4731 59.5 63.6 321 100.0 121
BLV 11935 x BLV 11938 92.0 58.7 63.0 95.0 32.3
BLV 11938 x BLV 11935 79.4 53.4 51.6 82.5 18.0
BLV 11938 x BLV 11937 726 55.5 68.0 100.0 27.4
PLQ 13231 x PLQ 13230 95.1 97.4 23.7 100.0 219
SGR 13336 x SGR 13006 100.0 36.2 41.2 80.0 11.9

BUK = §. bukasovii; PHU = 8§, phureja; BLV =8, boliviense; SGR = S. sogarandinum,; PLQ =

S. peloquinianum.
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that has accessions with high levels of
bacterial wilt resistance has ever occurred
in areas where P. solunacearum has been
found. The observed resistance must
therefore be due to factors different from
natural selection pressure.

Another 10,000 scedlings representing
twenty species from the taxonomic series
Commersoniana and Tuberosa were
sereened for resistance to potato leafroll
virus (PLRV). Five accessions of the spe-
cies S. chacoense were found to be immune
to PLRV, and three accessions of an
unclassified species from the series Tub-
crosa were found to be highiy PLRV-
resistant. Experience with species from the
serics Commersoniana and Tuberosa sug-
gests that the utihization of these sources
of virus resistance should be relatively
casy, particularly if most of the germ-
plasm enhancement is carried out at the
diploid level.

Biosystematic studies in the altiplano
region of Bolivia revealed the existence
of more genetic variability in the diploid
cultivated species S. x ajanfuiri than pre-
viously reported. Some cultivars  that
strongly resemble S. megistacrolobum, the
wild diploid ancestor of S. x ajantuiri,
were discovered. This discovery ‘has
improved our understanding of the evo-
lution of S. x ajanhuiri.

POTATO GERMPI.ASM COLLECTION

A sccond potato collecting expedition,
conducted jointly by CIP, the National
Institute of Agricultural Research of
Ecuador (INIAP), and the International
Board for Plant Genetic Resources
(IBPGR), went to the provinces of Loja,
Azuay, and Cafar in southern Ecuador.
A towal of 208 samples o7 native cultivars
and threc populations of the wild species
S. colombianum were collected. The
cultivated material, collected in a maize-

growing area, represents about 109 gen-
otypes. Most of the samples were iden-
tified as the diploid species S. phureja.

The CIP cultivated potato collection was
1educed by another 651 duplicate acces-
sions, which will be discarded after true
seced samples have been obtained from
them. Good progress was made during
1986 in transferring CIP’s cuitivated potato
germplasm to in vitro culture. More than
1200 accessions were cultured in 1986,
bringing the total of the in vitro germ-
plasm collection to 2035 accessions (5
replicate test tubes per accession). This
reduces the number of the clones grown
annually in the field as fewer replicates
have to be maintained of the clones already
in culture. Duplicates (4 test tubes per
accession) of the cuitivated in vitro col-
lection are taken regularly to Ecuador, and
the Ecuadorian program (INIAP) sends
quarterly reports to CIP on the general
condition of the material.

CiP’s computerized data file on the in
vitro collection is updated routinely so that
information on transfer dates of in vitro
cultures can be casily retrieved. This col-
lection is monitored at monthly intervals
for bacterial or fungal contaminants, and
contaminated cultures are removed. The
question of the genetic stability of potato
germplasm stored in vitro is receiving
attention in a research contract with
Rothamsted Experimertzl Station in the
United Kingdom.

An inventory of 650 native Andean
potato cultivars with an array of resist-
ances to pests, diseases, and other usetul
traits has been prepared and is ready for
distribution to potato breeders and breed-
ing institutions worldwid=. This publica-
tion, entitled fnventory of Andean Potato
Cultivars with Resistunce to Some Pests
and Diseases and Other Desirable Traits,
lists 85 diploid, 29 triploid, 531 tetra-
ploid, and 5 pentaploid accessions.
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IN VITRO TECHNIQUES FOR POTATO
GERMPLASM IMPROVEMENT

Anther culture. In a collaborative project
with the ltalian National
Nuclear and Alternative Energy Sources
(ENEA), several hundred pollen-derived
plantiets were produced from a range of

potato genowypes. Apparently some of

these genotypes contain genes controlling
““tissue culture ability,"" while others lack
this character. There are still problems in
the management of pollen-derived
cmbryoids, and experiments are currently
aimed at increasing the total number of
intact plantlets regenerated.

Seleetion for aluminum toleraxce. In
an el to select aluminum-resistant
genotypes in vitro, callus and protoplast
cultures were produced from the clones
LT-2, Revolucion, DTO-2. and DTO-33.
The cultures of these clones were sub-
Jected to aluminum stress, and plantlets
were regenerated from cell lines that grew
in the presence of certain aluminum con-
centrations. The regenerated plantlets were
again propagated in the presence of alu-
minum. These plantlets are now growing
in pots under conditions of high pH und
high aluminum concentration for analysis
of overall growth and yield.

Protoplast fusion. In a collaborative
contract with the Weizmann Institute in
Isracl, funded by the ULS. Agency for
International Development, asymetrie

fusions were made to transter nuclei of

the clones Atzimba and Atlantic into
cytoplasm that confers wmale  sterility.
During 1986, plantlets regenerated from
these fusions were received at CIP and
are now under evaluation for male ster-
ility.

SWEET POTATO GENETIC RESOURCES

During 1986, there were thirteen addi-
tional expeditions to collect cultivated
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sweet potato germplasm and related wild
species: six in Peru, two in Bolivia, two
in Colombia, two in Ecuador, and one in
the Dominican Republic. All expeditions
were conducted in collaboration with the
respective national institutions of these
countries.

A total of 1079 accessions were col-
lected in 521 localities; of these, 753
aceessions belong to Ipomoea batatas. In
the rest of the material, 28 wild Ipomoca
species and four natural hybrids have been
identified. Five of the wild species are
related to /. batatas. The expeditions
identified centers of great genetic varia-
bility in five of the countries that were
explored.

Some cultivated accessions were
received as donations from several national
institutions during these expeditions. The
Universidad Nacional de la Amazonia
Peruana at lquitos, Peru, donated 46
accessions, and various institutions in the
Dominican Republic donated 112 acces-
sions.

At present, a total of 3140 sweet potato
deeessions are maintained in CIP's gene
bank cither as clones or botanical seed.
Of this total. 1967 accessions belong to
I. batatas, 814 to wild Ipomoea specics.
and 359 clones represent breeding lines.
These breeding lines were selectea from
722 introductions from Peru, the Domini-
can Republic, and the United States.
Selections were miade on the basis of yield,
other agronomic characters, and root-knot
nematode resistance.,

A total of 1967 accessions of /. batatas
from six Latin American countries are
maintained clonally at CIP in Lima, Peru.
The cultivars from Peru are maintained in
the ficld, and those from Bolivia, Col-
ombiu, the Dominican Republic, Ecua-
dor, and Venezuela are maintained in pots
in quarantine greenhouses. Progress has
been made in the morphological charac-
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THRUST i

Production ard Distribution of
Advanced Breeding Material

l n 1986 six clones were introduced into CIP's seed program for disease
cleanup and regional distribution. These clones are progenitors with high
general combining ability (GCA) for yield and tuber uniformity as well as
for carliness and heat tolerance. They are to be used in breeding for variety
selection and (rue potato sced utilization. One of the clones (379706.34),
code-named LT-9, is also immune to potato viruses X and Y. When this
clone is mated to another progenitor, which is susceptible to both viruses,
one fourth of their progenies will be PVY and PVX immune.

Selection for resistance to carly blight (Alternaria solani) has continued
and reevaluation of selected clones from previous scasons has shown adequate
levels of resistance, high yields, heat tolerance, and a growing period of 90-
100 days. After two years of field evaluation and selection for salt tolersnce
{electrical conductivity of 3.5 mmhos/cm or more). four clones with vields
ranging from 9 to 20 t/ha have been identified. Clones with resistance to
Erwinia spp. have been identified within the population for the hot, humid
tropics. In crosses between andigena and resistant cultivars, the frequency
of resistant genotypes ranped from 3% to 40%. There has been continued
progress in selection for medium maturity and resistance to late blight. Clones
with these attributes have been selected in several countries, and at least two
have been released as new commercial varietics.

Three years of experiments on comparing methods of parental line selection
for GCA for yield have been concluded. Results indicate that the evaluation
of open-pollinated progenics of prospective parental clones is an efficient
method to select clones with GCA. This method is simpler and more eco-
nomical than traditional ones, i.c.. bulk pollination, clone x tester, and com-
plete or partial diallels. In Bangladesh, six highly selected clones from CIP
breeding populations have the potential of becoming new varieties—one clone,
720088 (B-240-2.1), gave the highest yields in trials. The national potato
program in Vietnam has also selected five clones introduced in 1982 for
testing. CIP genetic materials were distributed to 69 countries (15 developed
and 54 developing) in 1986.

Advanced CIP clone being evaluated for heat tolerance,
vield, earliness, and tolerance to alum’aum toxicity,
at Yurimaguas, Peru. 53
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DEVELOPMENT OF ADVANCED
CLONES

Intensive work was carried out on select-
ing parental clones to be used for varicty
selection and for true potato sced (TPS)
utilization. In carly 1986, clones
378015.15. 378015.16, and 379706.34
{inaune to both potato viruses X and Y)
were submitied for discase cleanup and
for use by national programs. Later. three
more clones, which had been tested for
several years, were submitted for cleanup:
C83.119 (377887.17 x LT-7), 377964.5
(DTO.2 x  Atlantic), and Maine-28

(AF303.5) v hich was made available to
CIP by Dr. A. Reeves from the Univer-
sity of Maine in the United States. Clone
C83.119 has a high general combining

, . LR, hJ .
A CIF clone from the heat-tolerant and
early maturing fantily 382081 (377964.5 x
P>Cg.1) being evaluated in Cuba by the
national potato prograni,
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ability (GCA) for yield and tuber uni-
formity. Clones 377964.5 and Muaine-28
are execllent combiners for heat toler-
ance, carliness, and tuber uniformity.

A sample of 31 selected female clones
from & tuberostm background and a group
of CIP hybrids were tested for parental
value by using a line x tester analysis.
The results indicated that the therosum
clones did not transmit a high-yiclding
cupacity to their progenies but did trans-
mit carliness and., in some, good tuber
uriformity. Conversely, most CIP uybrids
transmitted & very high-yielding capacity
to their progenies.

In Venczuela, the National Agricul-
tural Research Institute (FONAIAP) has
tested 63 advanced clones introduced by
CIP, for good high-yielding capacity and
tuber quality: of these. 25 were selected
for further cvaluation. In FONAIAP
regional aials, CIP clone 3806701 (India
853 x Atlantic)y showed good agronomic
characteristies such us high yields and
carliness, as well as tolerance to late blight
and possible tolerance e golden nema-
tode. To date, 1500 kg of basic seed of
this clone have been produced for on-fanm
testing prior to varietal relcase. A second
possible varietal relcase is the Colombian
clone 80-428-2 (Greta x (diacol Monser-
rate x India 1058)), which was eriginally
selected from CIP tuber family 373051,
This clone gave excellent vield per-
formance (1.7 kg/planty without chemical
control of late blight in the castern zone
of Venezuela at an altitude of 1000 meters.
The conirol variety in this trial (Sebago)
yielded 0.7 kg/plant.

POPULATION DEVELOPMENT

Early blight (Alternaria solani). Peru.
The introduction of early blight resistance
into the lowland tropical populations was
continued at San Ramon. In general, the
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most resistant families were late to very
late in maturity. Early blight attack was
also negatively correlated to yield
(Table 1).

New sourcas of resistance to A. solani

were introduced into the lowland tropical
populations, which originated from
research contracts with North Carolina
State University (phureja-stenotomum) and
Cornell University {neo-tuberosim) in the
United States. Good levels of resistance
and acceptable yields were found in some
of these families (Table 2). Despite the
positive correlation between length of the
growing period and resistance to carly

Table 1. Phenotypic correlation matrix for early
blight (EB) infection at 60 and 75 days after
transplanting and for earliness and tuber yield.
San Ramon, 1986.

Trait EB 60 EB 7% Yield
Earliness 0.08 0.44" -0.46"
EB 60 0.31 -0.53**
EB 75 -0.49*

* Significant at the 5% level;
the 1%o level.

* *significant at

blight, the family Maine-47 x 378015.16
of medium maturity yielded 694 g/plant
(about 22 t/ha) in 90-100 days. This indi-
cates that the correlation is not absolute
and that it would be possible 10 shorten
the growing period while still maintaining
an adequate level of resistance.

Late blight (Phytophthora infes-
tans). Celombia. Trials continued in Co-
lorabia on the international testing and
selection of clones with late blight resist-
ance. After 25,000 seedlings grouped in
125 families were screened by the national
potato program of ICA, 1738 clones were
selected and field-tested at ICA’s research
station at Rionegro. Of these, 116 were
retained that combined high yield, medium
maturity, and resistance. Clones selected
in 1985 were reevaluated at Rionegro, and
several highly resistant clones with medium
maturity and high yield were identitied
(Tabic 3).

Kenya. 'The procedure followed in
Kenya in 1986 for screening clones for
late blight resistance had four stages: 1)
10-hill plots, 2) 20-hill plots, 3) prelimi-
nary yicld trials, and 4) yield trials.

Table 2. Evaluation of Alternaria {EB) resistance 60 and 75 days after transplanting and other
traits in families from North Carolina State University (NC), Corneil University {NY), and CIP.

San Ramon, 1986.

Yield/pilant
Family EB 60 EB 75 {qg) Earliness
Sacco x EB81P3.11 (NC) 3 2 124 2
71C15.20 x EB72P4.8133 (NC) 3 3 398 4
Sacco x EBB6P1.B2 (NC) 3 2 438 2
NDD277.2 x 378676.6 (CIP) 3 3 G657 4
NY59 x NY72 (NY) 3 3 677 4
BL2.9 x 378015.16 (CIP) 3 3 727 2
Maine-47 x 378015.16 (CIP) 4 4 694 g
NYS59 x T53.26W (NY) 4 4 542 5
NY59 x ADG.LB (NY) 4 4 5390 5

Early blight (EB) rating:

1= immune, 9 = susceptible.

Earliness rating: 9 = very early (maturity 75-80 days), 1 = very late (maturity > 120 days).
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Table 3. Disease evolution and yisld performance of the best five late blight resistant ciones end

three contrcls at Rionegro, Colombia, 1986,

Intervals of iate blight readings

Yield
Clone 1 2 3 4 5 (kg/plant)
382397.9 3 2 4 2 2 3.73
383081.27 1 4 2 2 2 2.32
383042.9 1 1 1 3 2 221
383119.14 1 1 1 3 2 218
383105.6 1 1 1 2 2 2,15
Picacho (control) 1 3 7 9 9 0.40
Purace (control) 3 6 6 7 9 0.23
Capiro (control) 5 7 8 9 9 0.03

CIP late blight rating scale: 1= no damage; 9 = 100% damage.

In stage (1), 46 clones were planted in
the highlands at Molo (2400 m) and Mau
Narok (3100 m). For most of these clones
it was their first field evaluation in East
Africa for general performance. The best
15 clones at Molo and Mau Narok included
12 and 9 selections, respectively, from
CIP tuber families. In the stage (3) trial
at Molo, the two controls (commercial
varieties Kenya Baraka and B.53) yielded
12.5 and 15.2 vha, respectively. The
highest-yielding clone (tuber family
selection 379417.11) gave 53.3 tha. The
majority of clones showed better late blight
resistanice than the controls.

In the stage (4) trial at Molo, control
varieties Kenya Baraka and B.53 both
yielded 15.8 t/ha with late blight scores
of 5 and 6, respectively (scale: 1 to 9).
Similar results were obtained with the stage
(4) trial at Mau Narok. The control vari-
ety B.53 yielded 17.9 t/ha with a blight
score of 6 (Table 4). At both locations,
clone 720084 occupied either first or sec-
ond place for yield giving 35.4 tha at
Molo and 42.5 t/ha at Mau Narok with
blight scores of 2 and 3.

Bhutan. The national potato program
evaluated 16 introduced cultivars, prin-
cipally for yield ard resistance to late

Table 4. Screening for late blight resistance and yield trials in Kenya, 1986,

Yield of No. of clones Yield of Blight Blight
control better than best clone score? for score? for
Site (t/ha) control (t/ha) control best clone
Cateyory 3
Molo 12,5 18 {36)% 53.3 6 a4
Category 4
Molo 15.8 19 (21) 36.0 6 2
Mau Narok 17.9 17 (20} 42,5 6 3

SCIP late blight rating scale: 1= no damage; 9 = 100%o damage.
bNumbers in parentheses indicate total number of clones in the trial.
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blight. Among the group of five clones
with supposed late blight resistance, clone
800949 (Sangema) was the most prom-
ising, with maturity in 140 days and good
resistance. Two other clones were also
retained but matured in 160 days. None
of five French varieties gave acceptable
yields, although they were slightly earlier
maturing at 140-150 days. Selected cui-
tivars will be reevaluated in 1987,

In a preliminary yield trial with four
replications at Yusipang, clone 800949 was
the highest yiclder among 17 entries. Sev-
eral other clones were also selected for
further evaluation, with two originating
from tuber family selections supplied by
CIP. Of these, several showed a high level
of late blight resistance 92 days after
planting, but it was suspected that the
resistance might be vertical.

The main objective of the national pro-
grani is to find a suitable substitute for the
variety Kufri Jyoti widely grown in Bhu-
tan. In on-farm trials with clones that had
already passed preliminary and multilo-
cational tests, the two clones 720088
(B-71-240.2, Argentina) and 720122
(MEX 750815) were preferred by farmers
over Kufri Jyoti.

Erwinia spp. Sources of resistance to
Erwinia spp. (bacterial soft rot) were
sought in hybrid families adapted to the
lowland tropics as well as in a highland
population of families from crosses
between resistant andigena cultivars. In
the lowland tropical population, the initial
sample was 5880 gcnotypes grouped in
49 families. Of these, 107 selections not
showing tuber rot were retained after two
seasons of field exposure at San Ramon,
Peru. Tubers of these clones, which rep-
resent 1.8% of the original population,
will be inoculated in the laboratory to select
progenitors for the next cycle of selec-
tion. The highland population comprised
22 families obtained from crosses between

andigena cultivars exhibiting resistance
to soft rot after tuber inoculation in the
laboratory. ubers from 1980 genotypes
field-grown in Huancayo were inoculated
by the infectivity titration method with a
concentration of 8.8 x 10° cells/ml. Dis-
tribution of resistance in the 22 families
ranged from 3% to 40%.

Salt tolerance. In the last two years
selection of clones for salt tolerance has
been carried out through a research con-
tract in Tacna, Peru, located 1300 k™ south
of Lima. In the testing site at La Yarada,
the soil has an electrical conductivity of
3.5 mmhos/cm or more, and only salt-
tolerant crops are cultivated. In the first
year, 500 clones were tested and 60 were
retained for further observation. In the
second year, 4 clones were sclected, rep-
resenting 0.8% of the original population.
These clones, with a medium to late
growing period, had good plant survival
and did not show foliar burning, which is
characteristic of susceptibility. The best
performing clone (78.9.4 F, x Bk Pr
HM).32 yielded 785 g/plant (about 20
t/ha).

USE OF SELFED, OPEN-POLLINATED,
Oft HYBRID FAMILIES

In CIP’s breeding program, selection for
yield of superior progenitors is based on
the use of bulk pollination of phenotypi-
cally selected clones or the use of the clone
by tester analysis. In previous years,
experiments were initiated to investigate
epei-pollination and selfing as alternative
methods to select for GCA. To do this, a
random sample of 50 andigena cultivars
was taken, and from each, four types of
families were obtained, including selfed,
open-pollnated (OP), and hybrid to a pol-
len bulk of 10 cultivars and to a pollen
bulk of 20 cultivars. The 50 groups with
four families each were field-evaluated for
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two seasons. Results indicated that in some
cultivars there was no difference between
the yield performance of their selfed and
OP families compared to yield per-
formance of hybrid families produced by
bulk poltination. In other cultivars there
was a superiority in yield from mild to
very high of the hybrids over the selfed
and OP families due to the inbreeding
effect.

The yield performance of some culti-
vars (mentioned earlier) that did not depress
by inbreeding and some that did was ficld-
evaluated by means of an 11 x 11 diallel
experiment without reciprocals. The dial-
lel analysis indicated that the highest esti-
mates of GCA (g,) corresponded 1o the
cultivars that did not depress by inbreed-
ing, while the §, values not different from
0 or significantly negative corresponded
to the cultivars that showed strong
inbreeding depression. These results would
indicate that the yield performance of her
selfed or OP families would permit selec-
tion of progenitors with high GCA for
yield. It would be much more economi-

cal, however, to test the OP families of
the clones undergoing selection.

USE OF DIHAPLOID CLONES

Since one of the goals of the population
breeding at CIP is to increase the fre-
quency of genes controlling desirable
attributes, a new approach involving
selection of superior progenitors for tetra-
ploid breeding was started in 1985,
Dihaploids were extracted from highly
selected clones with attributes such as
carliness, heat tolerance, and resistances
to potato leafroll virus (PLRV), PVX, and
PVY (Table 5). The dihaploid clones seg-
regating for virus resistance were screened
and some clones with immunity to PVX
and PVY were identified. These are in the
process of doubling to obtain auto-
tetraploid clones, which will be duplex
at the loci controlling immunity to the
two viruses. The use of such clones in
breeding can be illustrated by the follow-
ing example. If the clone LT-8, which
is immune to PVX and PVY, being

Table 5. Dihaploids extracted from 12 selected tetraploid clc:nes.

No. of dihaploids

Clone Attribute or resistance Expected? Confirmed
LT-1 Heat tolerant, early 133 27
LT-5 Heat tolerant, early 16 10
LT-7 Heat tolerant, early 59 20
LT-8 Heat tolerant, early, PVX, FVY 67 32
Maine-28 Early 148 24
PW 31 PVX,PVY, PLRV 16 9
377887.35 Tuber yield 10 4
377888.8 Early 5 3
377904.10 Tuber yield, early 126 9
379706.34 Heat tolerant, PVY, PVX rA| 21
575049 Late blight 281 21
7XY.1 PVY (duplex for PVY) 20 14
Total 952 194

8 Expected as a function of absence of seed spot.
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both loci at the simplex condition
(YyyyXxxx), is used as a progenitor and
crossed to a susceptible clone, LT-8 would
transmit PVX plus PVY immunity tc 25%
of its progeny. If a doubled dihaploid,
which has become duplex at both loci,
from LT-8 (YYyyXXxx) is crossed to a
susceptible progenitor, it would transmit
PVX plus PVY immunity to 69% of its
progeny. Since doubled dihaploids per se
are not suitable as commercial varieties,
the inbrecding (F=10.333) generated in the
process of doubling will be dissipated by
crossing these progenitors to unrelated and
highly heterozygous partners. The aver-
age inbreeding coefficient of a progeny
like YYyyXXxx x yyvyxxxx will be
decreased to F=0.055, which is very small
and should not have a major infiuence on
the performance of the hybrids.

PLOIDY MANIPULATION

In research on ploidy manipulations, 368
selected diploid clones were screened at
Lima for resistances to specific pests and
diseases (Table 6), and 75 were selected
for specific resistances. Since some of the
2x clones produce unreduced pollen, they
can be used in 4x-2x crosses to transfer
the resistance factors to the tetraploid level.
These selected clones will also be used in
2x-2x crosses to create a new population
with combined resistances.

Kenya. Now that a CIP potato brecder
is based at CIP's regional headquarters in
Kenya, it is possible to concentrate the
breeding program on producing clones
better adapted to East African agrocli-
matic conditions. From past experience,
it has been found that although a clone
may have potentially good resistance to
diseases such as late blight and bacterial
wilt, the exprzssion of this resistance is
frequently masked by poor adaptation. The
new breeding program based in Kenya will

Table 6. Results from evaluations for resistance
to various pests and diseases of diploid clones
from October 1985 to October 1986, Lima.

Number of clones

Pest/disease Screened  With resistance

Cyst nematode

GP4 48 5

GPS 47 8
Potato virus Y 39 9
Potato virus X 8 3
Potato leafroll virus 43 25
Root-knot nematode

population 1 108 10

population 2 66 1

population 3 53 4
Total 368 75

“Four clones were hypersensitive.

produce progeny derived from crosses
between the best of CIP’s new discase-
resistant genetic materials and certain local
varicties with good adaptability to local
conditions. The first testing of these new
materials will be in 1987.

South Asia. In Pakistan, a bilateral
potato research program, funded by
Switzerland, works directly with the
national potato program. One of the
projects initiated in 1986 was the selec-
tion of improved clones adapted to the
northern hill area, with resistance to late
blight and cyst nematode and sufficiently
carly maturing for use in a double-crop-
ping system. Genetic materials derived
from CIP, Belgium, Scotland, India, and
the United States are in the process of
evaluation.

In Bangladesh, the Potato Research
Institute centinues to test a wide range of
genetic materials from many sources.
Priorities are for earliness—an important
consideration in the short Bangladesh sea-
son—and virus resistance. Among the CIP
selections and imported varieties, it was
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observed that there were some cultivars
with heat tolerance—a very important
character for Bangladesh potato produc-
tion.

The Argentinian variety Huinkul showed
excellent storage characteristics through-
out the hottest part of the year (March-
June) during which time no sprouting was
observed when tubers were kept in dif-
fused light storage (DLS) for eight to nine
months.

Through the CIP contract with the Plar:
Research Institute in Victoria, Australia,
pathogen-tested stocks of 13 advanced CIP
introductions were supplied to Bangla-
desh. CIP clone 720088 (B-240-2.1), bred

by INTA in Argentina, gave the highest
yield in trials. In addition to this clone,
five highly selected clones from CIP
breeding populations with potential to
become new varieties have been selected
and are in the process of cleanup from
diseases. The characteristics of these
materials, tested at the Mushiganj and
Joydepur research stations of the Bang-
ladesh Agricultural Research Institute, are
presented in Table 7. In Table 7 it is
noticeable that four of the five clones
selected from CIP breeding material have
as the male progenitor the cultivar Marie
Tropical, which had transmitied to them
its earliness and heat tolerance.

Table 7. Principal characteristics of CIP highly selected clones in Bangladesh,

Cultivar no. Pedigree

Characteristics

CIP 720088 (MP1 61375.23 x B-2565}

CiP 379666.501

CIP 379688.230

CIP 379667.421

CIP 379659.657 {Atzimba x Maria Tropical)

CIP 379673.150

[(BF63.65 x Katahdin) x Maria Tropical]

[(BR63.65 x Atlantic) x CGN-69.1]

[(BR63.65 x Katahdin) x Maria Tropical ]

[(BR63.74 x Anita) x Maria Tropical ]

Main season variety (90 days);
moderate vyield; field-resistant
to late blight, bacterial wilt and
leafroll; low degeneration rate;
heat tolerant: excellent storabili-
ty in farmer’s store; white round
tubers,

Early (70-90 days); tast growing;
consistently high yield; low de-
generation rate; white oval tu-
bers.

Medium maturity (80-100 days);
quick growing; field-resistant to
incect-transmitted viruses; red
round tubers.

Medium early (80-90 days); fast
growing; high yield; low degen-
eration rate; field-resistant to
late blight; white round oval
tubers,

Very early (60-80 days); excel-
lent vyield; very low degenera-
tion rate; white oval tubers,

Early (70-90 days); high yield;
very low degeneration rate; white
oval tubers.
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Selections had been made in Bangla-
desh in 1985 of neo-tuberosum clones
received from Comell University. Sev-
enty-one clones were retested in 1986 and
38 were selected for further trials in 1987.

Southeast Asia. Most areas in Region
VII have planting dates and growing
periods with short-day conditions. The CIP
cultivars P-3 and DTO-2, planted as cut-
tings, appeared to be adapted to this type
of photoperiod in a trial planted at Pan-
gasinan State  University, Philippincs.
Under lowland conditions at Canlubang,
seven trials were planted to study the per-
formance of heat-tolerant materiais.
Twenty of these were second gencration
tubers of selections grown on the same
site, the rest were supplied through CIP's
contract with the Plant Rescarch Institute,
Ausiralia, and direct from CIP, Lima.
Generally, all cultivars did well except
DTO-2 and LT-2, which suffered from
virus degeneration.  Cultivars P-3 and
B-71-240.2 had the lowest level of virus
degeneration, the latter is known to have
toleranice to PLRV. In a similar degen-
eration trial planted at Pangasinan State
University, B-71-240.2, P-2, and also
Scquoia gave high yields.

Forty cultivars were evaluaed by
national scientists in countries of the Pacific
Basin for adaptation to warm growing
conditions and longer daylengths. The
countries were Cook Islands, New Cale-
donia, Vanuatu, and French Polynesia. The
highest yiclds were given by Sequoia,
Red Pontiac, B-71-240.2, Serrana, and
N-565.1. The two introductions from
Argentina  (B-71-240.2 and Serrana)
showed that first generation sced stored in
DLS for six to seven months gave con-
sistently good performance. Of the culti-
vars with bacterial wilt resistance, only
BR-112-113 showed good yield and
ada.ation to warm growing conditions and
increasing daylength. No cultivars were

identified as being resistant to Alternaria
solani, the major fungal parasite encoun-
tered in the Pacific area.

In Thailand, the same two introduc-
tions from Argentina mentioned above
gave excellent yields from second gen-
cration seed after storage for eight months
in DLS. The locally grown control variety
Spunta did not store well in DLS and gave
relatively poor performance. In Vietnam,
five clones introduced in 1982 were se-
lected by the national program after being
evaluated over four seasons of cultivation
in the lowlands. These clones are selec-
tions from tuber families of B-71-240.2 x
DTO Bulk, BR 69.84 x Atzimba, BR
09.84 x Atlantic, and Serrana x 14XY.4.

In the Red River Delta of Vietnam,
potato varieties are needed with long dor-
mancy coupled with shon-day adaptation.
Three CiP clones, P-3, 381064.12, and
381064.7, continue to show good adup-
tation under these conditions. Commer-
cial propagation for planting materials is
obtained by sprout cuttings, and reguls
S. tuberosin-type cultivars tend to tu-
berize too early under short-day condi-
tions to permit this type of propagation.
The above mentioned materials, which
have cither S. andigena or S. phureju in
their parentage, are better adapted to these
requirements,

In the southern hills of Laos, the first
CIP clones were introduced in 1984, After
four generations of testing in replicated
trials by national scientists, only clones
BR 63.15 and Cruza 148 have survived
the combined selection pressure of bac-
terial wilt, Erwinia, and late blight. These
clones are now being rapidly multiptied
by cooperative groups of farmers who
urgently nced improved seed of superior
cultivars.

West Africa. The potato program of
the Agricultural Research Institute (IRA)
in Cameroon compared 45 cultivars for
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general yield performance and late blight
resistance. These cultivars originated from
CIP (1985 introduction, multiplied once
in Cameroon), iported sced of varieties
from the Netherlands, and older local
varieties. The highest yields were obtained
from the varicties Escort and Condor
(25 t/ha), which had no late blight symp-
toms, and from CIP introductior 573275
(ASN 69-1) (22.3 vha). which showed
slight symptoms of late blight.

In Senegal, cultivars introduced in 1985
were grown in a replicated trial in 1986
and sclected for heat tolerance at the Cen-
ter for Horticultural Development (CDH)
at Dakar. Warm conditions prevailed at
planting in October 1985 and summer-type
temperatures continued until mid-Novem-
ber (35° C). Locally produced seed of
Desirée gave the best yield, but among
the CIP clones, CFK-69-1, LT-6. DTO-
33, and DTO-28 gave good yields. The
clone DTO-28 performed especially well
considering it had a long storage period
in diffused light at summer temperatures,

TRUE POTATO SEED

In research on the use of true potato seed
(TPS), experiments were carried out in
San Ramon to compare the performance
of hybrid tamilies (F,) with their respec-
tive open-pollinated OP, and OP, gener-
ations. This rescarch included 27 families
from each generation. In the compari-
sons, F, vs. OP, F, vs. OP,, and OP,
vs. OP,, the following results were
obtained. In 22% of the cases, OP, > F,,
and in 30% OP, = F,. In 30% of the
progenics, OP, > F,. and in 18% OP, =
F\. Furthermore, in 30% of the progenics,
OP, > OP,, and in 40% OP, = OP.. In
only 33% of the familics was the F, supe-
rior to both OP, and OP,. These results
suggest that in this population the effect
of inbreeding on yicld performance may
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not be very severe. It can be assumed that
in the F, hybrids the coefticient of
inbreeding (F) was F: 0. In the OP,, the
F value would be variable with a maxi-
mum value of 0.1667, depencing on the
amount of selfing. In the OP,, the F value
should still be greater considering that
selfing and sib mating would be taking
place. The results discussed could be due
1o two reasons: 1) this population has been,
for several cycles, selected for GCA and
this may have increased the frequency of
additive genes, consequently decreasing
inbreeding effects: 2) it is possible that
the infertility produced as an effect of
inbreeding may climinate from the next
generation the most inbred genotypes, and
thus minimize their contribution to the
generation mean.  These  findings  are
important as they indicate that it is fea-
sible to select families that will permit the
use of open-pollinated generations to pro-
duce potato from TPS. These types of
familics could be used by farmers in the
developing world who could repeatedly
use OP sced from their own crops.

Trials to evaluate yield and carliness of
4x-2x progenies were carried out at San
Ramon, Lima, and Huancayo. As usual,
these progenies were high yielding and
superior to the controls in the trials; how-
ever, their growing period still tended to
be late. The 4x-2x progenies resulted from
crosses between selected tetraploid females
with high GCA for yield and earliness and
2x progenitors with medium carliness and
high total yield.

GERMPLASM DISTRIBUTION

CIP tested 4456 samples from the seed
program (Gen 1) with an indicator host
range and ELISA for PVS, PVX, PVY,
PLRV, Andean potato latent virus (APLV),
and Andean potato mottle virus (APMV),
All samples were virus-free, indicating that



Table B. Distribution of germplasm from CIP headquarters in Lima, Peru, during 1986.

In vitro

True potato Invitro
Clones Tuber tamiies plants seeds Seed progeny tubers
Acces- Acces Accus Acces- Acces- Acces- )
CIP region sions Umits slans Units  sions Unds sions Umits sions Units sions  Units
1 (5)¢ 639 B,795 12 1,145 19 57 27 5,400 16 137,650 -
a7 505 6.448 231 9,642 147 351 126 19,446 62 366,200 13 1425
17} 252 1,154 283 6,575 32 64 30 7.000 13 249,530 -
1V (4) 102 2,489 101 9,074 25 5.000 8 30.000 -
Vv (8} 55 716 15 51 25 5,000 16 58,400 - -
VI (5) 96 3477 24 2,21 26 6,750 20 1,353,400 - -
VI T7) 137 335 375 17,008 8 165 96 14,280 14 44,220 14 1,363
VIt (1) 28 359 40 80
Others {(15) 47 216 81 160 70 24 545 20 78.000 -
27 2.

Totyl (69) 1,833 24,130

1169 46,485 397

377 424

87421 169 2417400

“Numbers in parentheses indicate the number of countries within each region, and for "Others”
the number of developed countries to which shipments were made.

cradication taken 1o prevent
contamination in - export materials have
heen successtul.

During 1980 CIP distributed  genctic
materials 1o 69 countries worldwide (Table
8). The CIP Region HI germplasm eval-
tation and distribution center in Nairobi.
Kenyi, exported 60 clones 10 various
countries in Africa. A large ongoing pro-
gram ol germplasm evaluation for South-
cast Asta has been organized e CIP'S
regional germplasm station at St Lucia,
Philippines. All recently introduced and
promising clones are maintained and mul-
tiplied in vito and materials are distrib-
uted o other coantries for evaluation in
the form of in vitra plantlets. cuttings.,
and small tbers. The Sta. Lucia station
distributed in 1986 4 o1l of 2880 cut-
tings. 15.372 wbers. 21.000 true potato

MICUNUTES

sceds (TPS). and 60 test tubes of in vitro
plantlets to eleven countries.

TRAINING

Duc to the increasing quantities of in vitro
germplasm being exported annually from
CIP, traiming activities have concentrated
on tissue culture techniques. Seven sci-
enists from Europe. South America. and
Asia completed a total of 32 weeks of
training that emphasized rapid propaga-
ton in vitro and the transfer of in vitro
plantlets to the glasshouse. A germplasm
management course was held in “Turkey,
the second one o be held there after a
gap of tour years, and was attended by
scientists from Egypt. Sudan. and the
Middle East.
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THRUST

Control of Bacterial and Fungal Diseases

new population, derived from several potato species with resistance 1o

bacterial wilt, was crossed 1o a heat-adapted, early maturing potato pop-
ulation, and the maturity time of the hybrids was reduced from 126 to 86
days. Some of these hybrids have shown promisc in ficlds infested with
Pseudomonas solanacearum in Mindanoo, Philippines. A scissors-cut method
proved t+ be an efficient meens of inoculating potato plants and seedlings
with P. solanacearum. An antiserum effective in identifying P. solanacearum
in infected plants or tubers is in use in 16 conntries.

Large numbers of Envinias (Ece), the causal agent of soft rot. were detected
in irrigation water at three sites in Peru, but filtering the contaminated water
through sand reduced the numbers of Ece by 949%. Calcium fertilization
resulted in a thicker tuber periderm with greater resistance to Erwinia. Tuber
rots in San Ramon were shown (o be a result of interaction between several
fungi and Erwinias. The greatest plant loss in the field was due to P. solan-
acearum and carly dying caused by different fungi.

In studies to improve inoculation procedures with Phytoplthora infestans,
zoospores were found more effective than sporangia. When R-gene-free pop-
ulations were screered for general resistance to P. infestans, lower concentra-
tions of race 0 zoospores were needed. The inoculum was more effective when
grown on potato leaves than on agar medium. Screening 31,000 seedlings with
acomplex race of P. infestans resulted in 29% seedling survival. When another
10,000 scedlings were screened with race 0, 70% immunes were discarded plus
22% susceptibles, the remaining 8% had general resistance. A second popula-
tion of 30,000 seedlings, based on S. tberosum subsp. andigena, was screenced
for general resistance to P. infestans with race 0, and 22% expressed resistance.

Early blight (Alternaria solani) seedling screening did not correlate well with
adult plant field tests in San Ramon but an acceptable correlation resulted between
Lima screenhouse screening and San Ramon plants inoculated at 75 days. Field
evaluations of 65 clones for resistance to Verticillium dubliae on the coast of
Peru yiclded 15 resistant clones. The best control of R. solani damping-oft and
premature death of transplanted seedlings was achieved with the fumigant Bas-
amid plus Rizolex fungicide, and a plastic cover over the soil.

Potato plant fleft), showing symptoms of chlorosis and
wilt, infected with Verticillium dahliae, causal agent
of Verticillium wilt, 65



BACTERIAL DISEASES

Breeding for resistance to bacterial wilt
(Pseudomonas solanacearum). A new
breeding population which had been
developed in Peru during the last five years
and which combines four different sources
of resistance to bacterial wilt had a late
maturity of 126 days. This population was
crossed with CIP’s best heat-adapted and
early maturing materials, and the result-
ing hybrid population maturad in 86 days

in San Ramon. True sced of this cycle of

selection were sent o the Philippines where
they were planted in the field in Mindanao

and exposed to natural ficld infestation of

P. solanacearum and high temperatures.
This work in Mindanao was carried out
in collaboration with the Philippine Burcau
of Plant Industry (BPl). Clones were
sclected for resistance and  agronomic
characters and planted again in a field with
higher inoculum potential. During this
second exposure, most clones succumbed
to wilt, but the 20 best clones were
selected, some of which had no wilted
plants. Another group of clones, slightly
more advanced genetically, of the same
population was exposed to the bacterial
wilt pathogen once at midyear, and 35
clones were selected under low inoculum
potential. These clones were to be retested
under conditions of heavy inoculum pres-
sure laier in the year.

Although superior in wilt resistance to
the S. phureju-derived populations. which
were developed four to five years ago and
which had only one source of resistance,
this new population has demonstrated that
much progress can be made at the diploid
level before making the tetraploid x dip-
loid cross; it does. however, lack resist-
ance to late blight. The postponed objective
of combining late blight with bacterial wilt
resistance will now be tackled using the
currently available general resistance (free
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of race-specific R-genes) for Phyvioph-
thora infestans.

Latin America. Scven advanced clones
from CIP with reported resistance to bac-
terial wilt were tested in the laboratory by
the National Agricultural Rescarch Insti-
tute (FONAIAP) in Venczuela, Only Cruza
148, now named as a varicty in Burundi
and other countries, appeared to be resist-
ant. These clones will be tested in field
trials next season.

In Brazil and Uruguay, the testing of
breeding materials  with bacterial wilt
resistance has continued at the National
Center of Horticultural Rescarch (CNPH)
in Brasilia, and at the Center of Agricul-
tural Research (CIAAB) experiment sta-
tion in Uruguay in a special field house
with inoculated soil. As the natural level
of ficld inoculum was low in Brazil, a
high percentage (56%) of clones passed
the ficld test. In Uruguay. however, good
levels of infection were obtained in the
tield house. Three clones showed zero ficld
symptoms, but when the tubers were tested
by latex sciology no clone was com-
pletely free of latent infection. The levels
of resistance to £. solanacearum still nead
improvement as symptomless plants could
still be a source of discase spread due to
latent infection. None of these materials
has resistance derived from the wild spe-
cies used in the multiple hybrid combi-
nations reported in Thrust |.

Tropical Africa. In Burundi, the prin-
cipal requirement of the potato crop planted
during the third cropping season (June-
July) is resistance to bacterial wilt, since
the crop is sown in the valley bottoms on
residual moisture where the disease is most
prevalent. During Jaruary-April 1986, in
conjunction with the Crop Protection
Department of ISABU, clones were mui-
tiplied for subsequent bacterial wilt eval-
uation. A total of 1147 clones, which
according to their breeding parentage had
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Figure 1. Yield (healthy and infected tubers) for varieties and advanced clones in

a bacterial wilt evaluation in Burundi.

wilt tolerance, were multiplied in a wils-
frec environment at Munanira. They were
given only light fungicide protection
against late blight, and as a result, 468
clones were eliminated because of extreme
susceptibility to this discase. The remain-
ing 679 clones will receive one more mul-
tiplication at the same sitc before being
screened for bacterial wilt.

Will-tolerant varietics and advanced
clones were planted at Gisozi in Septem-
ber 1985 and harvested in January 1986.
There were six replications, and visua!
wilti. g symptoms were recorded weekly
until harvest 14 weeks after planting. Fig-

ure | shows the yield of the various gen-
otypes. The new variety Ndinamagara
(Cruza 148) continued to give the highest
yield under severe wilt conditions and is
now being distributed in large quantities
threughout the different  development
projects in Burundi.

In Kenya, 20 advanced clones were
evaluated for resistance to bacterial wilt
through contract work with the Naiional
Agricultural Laboratorics in Nairobi. The
trial was replicated and test plants were
inoculated artificially with a suspension
of the bacteria. No clones were com-
pletely resistant (zero wilting), but a few
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showed apparent tolerance, i.e., out of a
total of forty plants per clone, six clones
had five wilted plants or less after 45 days
of inoculation.

Southeast Asia. Resistance 1o bacterial
wilt is so essential throughout CIP's Region
VII, that a major collaborative rescarch
program has been continued annually in
an attempt to identify resistant or tolerant
genotypes. The most resistant selections,
all produced locally, had Cruza 148 in
their parentage. However, bacterial wilt
resistance alone may not be sulficient for
conditions where root-knot nematodes are
present in the soil. Root-knot nematodes
are known to injure roots which in turn
provides entrance for the 2. solana-
cearum bacteria into the plant. This is why
resistance 1o root-knot  nematodes will
eventually have to be combined with
resistance to the bacterial wilt pathogen.

True potato seed (IPS) families from
the newly combined hybrids incorporat-
ing bucterial wilt resistance from wild
species, developed at CIP. were evalu-
ated by CIP and the Burcau of Plant
Industries in the Philippines at Dalwn-
gan, Mindanac. and transplanted 1o the
ficld at Intavas, Mindanao. A total of 714
clones were harvested and 225 were
selected for gencral agronomic charice-
ters. 1t is of special interest that among
the clones selected at both sites. CIP fam-
ily 284015, which has AVRDC 1287.19
as the male parent, was predominant. One
clone, 384015.3, was the highest vielder
at both sites and showed 0% bacterial wilt
ten weeks after planting. The selected
clones will be used as parents 1o combine
with locally adapted varicties.

Comparison of inoculation methods.
Soil infestation with suspensions of P.
solanacearum is the method presently used
at CIP in screening for resistance and for
other inoculation studies. This method.
however, requires large numbers of bac-
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teria and results are not highly consistent.
Therefore, an experiment was conducted
in which four different methods of artifi-
cial plant inoculation were compared with
plant infection resulting from artificial soil
infestation.  Inoculum for all methods
consisted of 1 x 10" colony forming units
(CFUYml of Peruvian race 3 strain 204
grown for 48 hours on Kelman's agar
medium without tetrazolium. Plants used
for testing the cffectiveness of the pre-
pared suspension were cuttings of the sus-
ceptible variety Ticahuasi four weeks after
being transplanted 1o one-liter plastic pots.
Ten plants were used per treatment, and
the test was repeated twice at tempera-
tures averaging 25.3° and 27.6° C. re-
spectively.

The four methods that were compared
with soil infestation were 1) stem punc-
ture, 2) scissors-cut method, 3) leaflet
infiltration. and 4) carborundum injury.
Soil infestation was done by drenching
the soil around the stem with 40 ml of
inoculum. - Stem puncture consisted  of
inserting a dissecting needle through a drop
ol inoculum into the axil of the third leaf
below the apex. A scissors-cut method
nvolved cutting the terminal leaflet of the
third teaf below the apex with a disseeting
scissors dipped in - inoculum. Infiltration
was performed by using a needicless dis-
posable syringe fitted with an additional
perforated plunger end piece from an
identical syringe. Pressure was applicd
with the plunger so that the inoculum
passed through the perforated plunger end
picce onto the underside of the leaflet
(where most stomates are located). The
other side of the leatlet rested against the
hand. tnoculation with carborundum was
done by first dusting carborundum 600
mesh onto the topside of the leaflets and
then rubbing the dusted side of the Teaflet
with a cotton tip immersed in the inocu-
lum. This method is identical to the one



Table 1. Evaluation of five methods for inoculating plants of the variety Ticahuasi with Pseudo-
monas solanacearum. Averages for two tests, ten plants per treatment.

8 days 12 days
9 Diseased %o Diseased
Method plants Index? plants Index
Stem puncture 100 4.0 100 4.9
Scissors-cut leaflet 100 3.2 100 4.8
Leaflet infiltration 100 2.2 100 2.8
Carborundum injury 40 1.6 75 23
Soil infestation 35 1.4 90 29

9 Disease intensity index: 1= healthy; 5 = dead.

used for virus inoculations. The effec-
tiveness of the various inoculation meth-
ods after 8 and 12 days is shown in Table
1. After 12 days the stem-punctured and
scissors-cut inoculated plants were all
severely wilted. The carborundum and
infiltration methods were inconsistent, as
the percentage and the rate of wilting in
the susceptible material was clearly lower

than in the material inoculated with the
stem-puncture or scissors-cut method. Soil
infestation produced initia) wilting in nine
out of ten plants. The symptom expres-
sion in these tests is shown in Figure 2.
The scissors-cut inoculation method
scemed the most promising for a rapid
and standardized inoculation of individual
plants.

Figure 2. Symptoms resuiting from potato plants with P, solanacearum by four methods
{left to right): stemn punctu re, scissors-cut, rubbing with carborundum, and infittration.
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Antiserum production and distribu-
tion. A broad spectrum rabbit antiscrum
that reacts with all races of P. solana-
cearum was produced at CIP in 1983. A
latex kit is now prepared routinely with
the antiserum stock and distributed to
national potato programs. However, when
a program’s demand for antiserum supply
is heavy, CIP provides training to national
program staff for the preparation of their
own antiserum. The amount of sensitized
latex sent to different countries during one
year is shown in Table 2.

At the University of Wisconsin in the
United States, contract rescarch  has
resulted in the production of several
hybridomas that produce monoclonal
antibodies against a race 3 strain of P.
solanacearum. However, one hybridoma
produced antibodies that had activity
against all strains tested. The latter
hybridoma will be tested against the CIP
collection of isolates to determine if it could
serve as a substitute for the rabbit anti-
serum, with the advantage that hybrido-
mas can  be maintained indefinitely,
whereas rabbit antiserum once exhausted
cannot be duplicated precisely in another
rabbit.

Resistance in wild species. Further
attempts to find resistance to 2 solana-
cearim took place at Wiscor-1, 1d at

CIP. At Wisconsin the support of a CIP
contract and a grant from the U.S.
Department  of  Agriculture  facilitated
screening of 1573 accessions for the Inter-
Regional (IR-1) Potato Collection at Stur-
geon Bay, Wisconsin. This group repre-
sented 102 species, and cach accession
was tested as an approximately 50-seed
lotin trays containing jiffy mix. Two 50-
seed lots were planted in one tray. Seed-
lings grew for 21 days in « greenhouse at
22° C. Prior to inoculation they were not
watered for three days. The soil was
drenched with five liters of P. solana-
cearum strains 8 (race 1) and 81 (race 3)
at concentrations of 6.0 x 10° and 1.2 x
10* CFU/ml, respectively. A knife was
then pushed between rows to injure roots.
Seedlings were incubated for 21 days at
28° C, and survival rates ranged from 0%
to 100%. The forty-one most resistant
accessions included nineteen S. demis-
sum, six S. phureja, four S. acaule, three
S. commersonii, two S. polvirichon, two
S. raphanifolinm, and one cach . ber-
thaultii, S. blanco-galdosii, S. boliviense,
8. brachyvcarpum, and S. chacoense.
Future plans are to test the high-temper-
ature stability of the resistance of these
clones.

AU CIP 85 intra- and interspecific crosses
between 31 tuber-bearing Solanum spp.

Table 2. Amount of sensitized latex for the detection of Pseudomonas solanacearum seat to dif-
ferent countries between October 1985 and September 1986.

Country Amount {ml) Country Amount (ml)
Brazil 10 Nepal 10
Burundi 40 Pakistan 5
Colombia 10 Papua New Guinea 10
Costa Rica 100 Philippines 30
Cuba 50 Samoa 5
Guatemala 5 South Africa 5
Malagasy 10 Trinidad 5
Mauritius 5 United States 10
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Figure 3. Solanum boliviense families inoculated with P. solanacearum. Left: tray contains
family 42 (in Table 3) with a few susceptible individuals. Right: tray contains an unselected

family with mostly susceptible individuals.

were sereened by planting two trays with
50 seeds each from cach cross combina-
tion. The trays were placed in in a screen-
house and kept at a 247 1w 38 C
lemperature range. After four weeks the
soil mix was drenched with a suspension
of 1 x 10% CFU/mI of Peruvian strain 204
(race 3). As plants developed initial wilt
symptoms, they were pulled out. and sur-
vival ranged from 0% o 100 (Fig. 3.
Nonwilted plants were transplanted at eight
weeks to one-liter plastic pots, many dying

soon therafter due to the expression of

latent infection. Survivors (3 1o 48 per
family) were again incculated after four
weeks with 40 ml of inoculum per pot.
Survivors of the best 16 families were
grown for tuber production in the green-
house with many failing to tuberize. The
clones that did tuberize were inoculated
with I x 10” CFU/m] Rwandese strain 122
(race 3). Seventeen tamilies that had high

Jense.

levels of resistance involved 11 contirmed
parental - tuberiferous  Solunum  species
acaule,  bukasovit, boliviense, candol-
leanum, — coelestispetalum, — leptoplives,
phureja, peloquinianum, raphanifolivin,
sogarandimun . and sparsipilum) and one
species tentatively identified as S, rapo-
‘Three of the tamilies were of
intraspecitic crosses involving  different
accessions of boliviense, peloquinianam,
and sogarandinen. Sclected clones could
not be maintained. but seven families rep-
resenting the most vigorous in growth and
with a high frequency ol resistance were
screened again. The best clones have been
placed in tissue celture tfor maintenance
and future testing for high-temperature
stability and general resistance 1o P
solanacearum.

Bacterial soft rot (Erwinia spp.). Large
populations (10310 cells per liter) of
Erwinia carotovora pv. carotovora (Ecc)
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Tubers harvested from one plant at Cli s San Ramon cxperiment station. Left:

nehers with brwinia sorr ror,
Jection,

vere detected throughout the vear in irri-
ation water at San Ramon (800 m). sim-
lar numbers  were recorded  at
luancayo (3200 m) and Lima (240 m).
‘he bacteria were not detected in well
vater from the three sites. Neither £ car-
lovora pv. arroseptica nor I chrysan-
temi were detected in irrigation water.
he ability of Ece isolates to multiply rap-
Iy in San Ramaon water, but not in dis-
Hed water. was demonstrated. Filtering
ontaminated water through i 75-cm depth
[fine nver sand or adding sodium
ypochlorite to the water (linal coneen-
ation: S ppm active chlorine) reduced
e coneentration of Erwinia cells by
49 and 99.9% ( respectively.

During the San Ramon drv season (June-
ept. 1986y, soil samples from around
tbers of TPS transplants (Desirée OP)
it were irrigated with chlorinated water
mtained significantly less Erwinia
roughout the growing season (6.7% of

also

Right: non-rorred nebers ther carricd tatent in-

samples contaminated) than soil saimples
in control plots irrigated with untreated
waler (70.0% of samples contaminated).
The treated water, however, was phyto-
toxic to the growing potato transplants.
Phytotoxicity was not observed during the
previous wet season (Nov.-Feb. TUS3-86)
in potatoes grown from seed tubers. Con-
trmination by Ece ol the soil surrounding
tubers in plots irrigated with chlorinated
witter was not observed initiallv: whereas
with untreated water. the soil was con-
taminated immediately foltow ing the first
irrigation. Al plots. however. were sub-
sequently contaminated t an equal extent
following prolonged rainfall luter i the
growing season, probably due to bacteria
coming from rotting sced tubers,
Calctum nutrition and resistance to soft
rot. Contract rescarch at the University of
Wisconsin hid shown that increased cal-
cium fertilization of potato plants increased
the calcium content of wbers, and that



higher calcium tubers of a given cultivar
were more resistant to soft rot. Furthering
this rescarch, observations were made on
the effect of calcium on tuber surface
structure. Russet Burbank tubers har-
vested from plots with four different soil
levels of calcium, 200 tubers per treat-
went: from four renlications, were exam-
ined for surface netting. A higher
percentage of tubers with well-developed
netting was obtained from plots fertilized
with calcium sulphate as a preplant strip
application (47.0% to 56.0%) than from
the control plots (20.5%). Furthermore, a
lower percentage of tubers from calcium-
trcated plots had smooth skins with the
netting absent.

The periderm thickness of 20 tubers with
well-developed netting (over 80% of the
surface well-netted) and 20 with smooth
skins was examined by scanning clectron
microscopy. At midpoint of the tubers with
well-developed netting, the number of cells
in the periderm ranged from 6 to 20 with
an average of 13.6, but in tubers with a
smooti skin, the periderm depth ranged
frori  to 16 cells with an average of 9.1
(this difference was significant at the 0.1%
level).

To determine if these changes induced
by calcium nutrition would result in a
decreased susceptibility to wounding, an
Instron  Universal Testing Instrument
Model 1132 was used. The averages of
periderm rupture forces for tubers with
well-developed netting versus those with
smooth skins were 47.2 and 42.]1 New-
tons, respectively (P<0.001). The peri-
derm rupture force for well-netted tubers
was about 10% higher than that for smooth
ones.

The possicle relationship between bac-
terial soft rot susceptibility and dry matter
content of potato tubers among different
cultivars was also evaluated at Wiscon-
sin. The percent dry matter was deter-

mined by the hydrometer method. The
average prcent dry matter at two sites
during two years ranged from 14.5% to
21.1%. The cultivars Atlantic, Ncoksack,
Butte, and Russei Burbank were reia-
tively high in dry matter content, whereas
it was relatively low in Norland, Pontiac,
and Redsen. The negative correlation,
however, between bacterial soft rot sus-
ceptibility and dry matter content of tu-
bers of different cultivars was not
significant. Neither dry matter content nor
calcium concentration in medullary tis-
sues of tubers alone could explain the
variation in susceptibility to bacterial soft
rot among potato cultivars. When both
variables were considered for tubers of 12
potato cultivars cevaluated in both 1983
and 1980. the regression model describ-
ing bacterial soft rot susceptibility in rela-
tion to calcium concentration in medullary
tissues and dry matter content of tubers
was significant. Tubers from cultivars with
high calcium and dry matter were less
susceptible to bacterial soft rot than tubers
from cultivars with low calcium concen-
tration and dry matter content.

To explore the possibility that the poly-
phenol content of tubers may be related
to soft rot resistance, rescarchers at Wis-
consin assayed tubers from seven culti-
vars, which had been stored for seven
months, for polyphenols in peel tissues.
The cultivars Butte, Norgold. and Russet
Burbank, which are the least susceptible
to tuber soft rot, had relatively high con-
centrations of polyphenols (1.23, 1.20, and
0.95 mg/g fresh weight, respectively);
whereas the more susceptible cultivars
Norchip and Redsen had lower concen-
trations (0.42 and 0.56 mg/g, respec-
tively).

The cultivar Butte was one of the most
resi.tant to bacterial soft rot and cultivar
Redsen one of the most susceptible.
They contrast also in that Butte had high
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calcium and high dry matter and poly-
phenols, whereas Redsen was relatively
low in these components. It is suggested
that Butte should be evaluated as a parent
for resistance to tuber soft rot. These
studies did not include observations on

stem resistance to the blackleg phase of

the disease: however, it cannot be assumed
that tuber resistance is linked to stem
resistance.

Interaction of bacterial and fungal
pathogens. Post-transplanting wilting and
early dying of potato plants grown from
TP3 (Desirée OP) caused a 43% loss of
stand in rotation land at the CIP station
in San Ramon during the wet season (Nov .-
Feb. 1985-86). Losses were higher stil! in
land that had been previously under potato
for several seasons (76%) and during the
following dry scason (62%), which was
June-September  [986. Examination of
affected plants revealed a complex of
causal ageats involving pathogenic fungi
and bacteria as well as insects and heat
or drought stress. Isolations from dis-
cased plants showed infection by P.
solanacearum, E. carotovora pv. caro-
tovora, Rhizoctonia solani, Pythium spp.,
and Fusarium spp. The frequency of iso-
lations of each pathogen varied with the

time from transplanting. The most con-
sistently isc.ated pathogen in the wet sea-
son was P. solanacearum, diagnosed in
45% of the wilting plants. In the dry sea-
son, R. solani was more frequently iso-
lated, from 82% of wilting plants.

Applications of several fungicides
(copper oxychloride, benomyl, meta-
laxyl, pentachloronitrobenzene, or tolclo-
fos-methyl) to the soi! during transplanting
and hilling had nu .ignificant effect on
plant loss during the wet season. How-
ever, when tolclofos-inethyl was applied
(as Rizolex at 50 kg/ha) to transplants
during the dry season, seedling survival
was increased by 42%. Isolations from
rotting tubers in the field at harvest time
revealed mainly the presence of Eec in
95.2% of the tubers tested. Field and stor-
age tuber rotting, however, was reduced
from 9.2% (by tuber number) for non-
treated potatoes to 0.9% when metalaxyl
(as Ridomil-5G at 40 kg/ha) was applied
in the field. Interaction between fungal
rotting agents and Erwinia therefore seems
likely since this fungicide is nontoxiz to
Erwinia spp.

Studics on the interaction of calcium
fertilization, potato tuber moth (PTM)
infestation, and incidence of Erwinia dis-

Table 3. Percentage of tuber rot caused by different bacterial and fungal pathogens in tubers stored

in diffused light for up to six months, San Ramon.

Storage period (months)

Average
Pathogen 2 4 6 (%/o)
Erwinia carotovora pv. carotovora 23.33 12.12 2.32 11.51
Fusarium oxysporum 43.33 54.54 32.55 45,32
Fusarium solani 16.66 21.21 32.55 23.74
Pythium spp. 10.00 3.03 2.32 4.31
Rasellinia sp. 3.33 3.03 0 215
F. oxysporum + F. solani 3.33 1.51 6.97 3.59
E. carotovora + F. oxysporum 0 1.51 6.97 2,87
E. carotovora + F. solani 0 0 13.95 4.31
Fusarium spp. 0 3.03 2.32 2,15
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cases (reported under Thrust V1L Ann.
Rep. T985) were repeated in 1986, In new
diffused-light stores in San Ramon. the
incidence of tuber rotting was about 30¢¢
higher when prestorage dusting of tubers
with calcinm sulphate was not used and
PTM with Cidial
msecticide. Close inspection and analysis
ol rotting tubers revealed less Erwinia ~oft
rot than found in previous seasons and a
high proportion of dry rot (Fusariun spp..
as well as some other diseases such as
Pythium sp.and Rosellinia sp. CTable 3).
This is the first detection of Rosellinia at
San Ramon (Fig. 4),

wis not controlled

FUNGAL DISEASES

Breeding and sereening for late blight
(Phytophthora infestans) resistance. In
order to distinguish between race-specitic
resistance and general resistance to fate
blight in breeding populations. more pre-
cise inoculation methods had o be deter-

[ s Sy

Figure 4  External symptoms of Rosellinia black 1ot detected recently in San Ramon, Peru.

mined. Previously, the inoculum had
cansisted of mintures of sporangia and
zoospores of Pinfestany, but it was found
that zoospores used alone produced 10 1o
30 tmes more disease than the mixture,
Comples race 1020340710 was com-
pared 1o 4 mixture ol races collected
throughout Peru in inoculating open-pol-
tinated (OP) seedlings of the cultivar Re-
nacimicnto. The nuxture proved to be more
aggressive than the complex race. Simple
race O was also tested on OP seedlings
from the cultivars Tomasa Condemayta
and Yungay. which have no race-specific
R-genes: it was found that low concentra-
tions ol zoospores were needed for sue-
cessful sereening,

The effect of growth substrate for path-
ogenicity of L. infestans was studied.
Various substrates were tested in a group
of live tissue (tuber plant leaves, seedling
leaves, aud tuber slicesy and in artiticial
media (3-week old V-8 cultures and |-
week old V-8 cultare). The inoculum

~
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obtained from all substrates consisted of
4000 zoospores/ml of race 0, which were
sprayed on susceptible seedlings derived
from the cultivar Tomasa Condemayta.
The inoculum from live tissuc caused 54%
more disease *han the inoculum produced
on artificial iedia.

The effectiveness of different spraying
equipment used for dispensing inoculum
was determined. The equipment consisted
of threc electric vacuuny/pressure pumps
and one manual knapsack sprayer, cach
containing the same amount of zoospore
concentrations. The knupsack sprayer
delivered nearly 100% of the zoospores.
whereas the three pumps delivered about
85%. The viability of the inoculum after
being sprayed is now under study, and
initial observations have indicated that over
80% of the zoospores were nonmotile after
passage (they may have been dead or
quiescent),

Screening for resistance to late blight
in CIP's standard population containing
the major genes involved 41,450 sced-
lings in 129 families, 75% of which were
screened as in previous years with 4 com-
plex race of P. infestans. The remaining
25% vere screened with race 0. The 75%
group had an average scedling survival
rate among familics of 29%. The 25%
group had 22% R-gene-free seedling that
were very susceptible and 8% that were
resistant.

A sccond population of S. mherosum
subsp. andigena origin, which is being
developed as a source of general resist-
ance, was screened for the first ume with
race 0 using a low inoculum load of 2500-
4000 zoospores/ml. Of 30,000 scedlings
in 36 familics, 22% had low infection rates
or general resistance. Thus, gencral
resistance is present in both populations.
Plans are now being established to develop
a general resistance population combining
both sources.
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Local field testing for late blight resist-
ance was done with the Peruvian national
potato program at Hudnuco (northeastern
highlands, 2200 m) in 10-hill observation
plots. Seventy-three clones were sclected
among 429 for resistance, high yield, car-
liness (110 days), and other desirable
agronomic attributes. Another 100 clones
were evaluated in a simple 10 x 10 lattice
design with two replications. The best 10
are shown in Table 4, which gives the
infection rate (1) and percent area below
the discase progress curve (ABDC), and
the yield per plant. The indicators of
resistance arc measured by **r,"" the slope
of the discase over time, and by **ABDC."’
the arca below the discase progress curve
determined by *'r’".

An additional field test of scedling
progenies from 28 advanced clones was
carried out in Hudnuco for resistance to
late blight. Eight clones were selected for
high gencral combining ability and will
be used as parents for future crosses in
CIP’s late blight breeding program.

The new variety Perricholi, released by
the Peruvian national potato program three
years ago, was compared with two other
resistant clones, Rosita and 69-47-2, and
the susceptible cultivar Revolucién with
and without fungicide treatments in Comas
and Huancayo. Late blight incidence was
high in Comas and mild in Huancayo.
Results are shown in Tables 5 and 6 as
area under the discase progress curve
(ABDC) or as percent disease, yield in
tons per hectare, and percent net profit
over the control. The yield of Perricholi
tripled that of Revolucién in Comas and
the profit was sixfold. In Huancayo the
use of the resistant variety Perricholi
resulted in a 70% profit advantage. This
work was done in collzboraion with the
National University of Central Peru.

Latin America. Sclection trials were
carried out by the National Agricultural



Table 4. Yield performance of the best ten clones tested under heavy late blight field infectian at

Huénuco, Peru (2200 m).

Infection ARDC? Yield
CIP no. rate (r) (%) (kg/plant)
381109.160 0.071 0.31 2536 a*
UPF 70.3 0.010 1.04 2.226 ab
381104.39 0.134 0.31 2131 a-c
381111.150 0.004 0.30 2,040 ad
UPP 100.4 0.001 0.20 1.961 a-e
381127.113 0.001 0.03 1.938 a-f
380389.1 0.087 1.98 1.821bg
381109.150 0.035 2.37 1.807 b-h
381111.151 0.013 0.25 1.802 b-h
381127.150 0.002 0.64 1.749 b+
Yungay {controt) 0.082 42.39 0.214 x-2
Tomasa Condemayta (control) 0.144 93.99 0.018z
cv (%) 271

9 ABCD = area below tke disease progress curve.

*Means followed by the same letter are not significantly different at the 5%o level.

Table 5. Effect of the use of late blight resistant clones zd fungicide treatments on disease inci-
dence, yieid, and economics of potato production in an area with high disease incidence. Comas,

Peru,

Yield S0 Net profit
Treatment ABDC® (t/ha} over control
Perricholi 0.10 a" 35.83a 598
Rosita 10.21b 17.41b 136
69-47-2 17.68b 15.04 b 82
Revolucion no fungicide 55.24 ¢ 1148 ¢ 0
Revolucion + 2 appl. of Ridomil 51.97¢c 1761b 108
Revolucion + 5 appl. of Dithane 47.25¢ i7.76 b 114

9 ABDC = area below the disease progress curve,

“Means followed by different letters are significantly different at the 5% level.

Research Institute (FONAIAP) in Vene-
zuela, at two sites close to Tachira and
Merida. Of the 100 clones bred princi-
pally for late blight resistance, 55 were
selected for general agronomic charac-
ters, field resistance to late blight, and
yield, One of the clones, 83-207-2, is one
of three possible varieties and was obtained
as TPS from the Colombian Agricultural

Institute (ICA). Although late-maturing
(150 days), it has been selected because
of its outstanding yield performance.
Tropical Africa. In Burundi, the national
program of ISABU continues its selection
program for late blight resistance. Large
numbers of clones are screened during the
two wet seasons in which blight is a major
problem: September-February and March-
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Table 8. Effect of the use of late blight resistant clones and fungicide treatments on disease inci-
dence, yield, and economics of potato production in an area with mild disease incidence, Huan-

cayo, Peru,

Arc sine® Yieid % Net profit
Treatment /%% disease (t/ha) over control
Perricholl 0.10 e 59.68 a* 70
Rosita | 9.98b 31.11e -21
69-47-2 9.98b 35.31d -1
Revolucién no fungicide 37.50¢c¢ 38.22d 0
Revolucién + 2 appl. of Ridomil 10.10b 4493 b 43
Revolucién + 3 appl. of Dithane 20.22b 40,57 ¢ 5

% The level of disease was measured one month before harvest.
*Means followed by different letters are significantly different at the 59o level.

July. Clones evaluated for the first time
in the 1985-86 scason had a selection per-
centage of about 25%. These were reeval-
uated in March-July 1986 and about 50%
were selected. The bacterial wilt resist-
ance of clone 720118 (named as the vari-
ety Ndinamagara in Burundi) continues to
make it a much sought after variety by
local farmers. It has also shown promise
in Laos and the Philippines.

Early blight (Alternaria solani). In
Peru, two sets of progenies were tested to
determine if a correlatinn existed between
results of screening for resictance at the
seedling stage and adult plant reaciion.
First, twenty-seven familics were screened
by inoculating them with suspensions of
A. solani spores at 2500/ml. Later, 25
families were inoculated with 3500 spores/
ml. Inoculations were done at the seed-
ling stage (40 days) in the screenhouse at
Lima in flats placed in plastic bags to obtain
a high relative humidity. Inoculations were
also performed in plastic-covered seedbeds
in the field at San Ramon under partial
shade. The same families were inoculated
at 45 days and evaluated at 60 and 75
clays after transplanting to the ficld in San
Kamon. Correlation coefficients were low
(r=0.002 to r=0.322) and varied between
the two sets. The best correlation was
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between the Lima screenhouse test and
the San Ramon field test when rated at 75
days (r=0.455). The diurnal temperature
fluctuation in the Lima screenhouses is
greater during the summer months; there-
fore, attention must be given to this since
less fluctuation in temperature may
improve the correlation.

The correlation was good when 47
families from 2x and 4x-2x crosses were
evaluated at Lima and in scedbeds at San
Ramen. Families were evaluated at 4 and
6 days after inoculation at Lima and at 3,
4, and 5 days after inoculation at San
Ramon. The percentage of resistant fam-
ilies in the different ploidy levels is shown
in Table 7, the carly blight scores for the
best families in Table 8, and the corre-
lation coefficients in Table 9.

A thesis j -oject for the University of
San Marcos demonstrated that the three
different specics of Alternaria isolated at
San Ramon and Huancayo responded dif-
ferentially in their production of spores on
different media and in their pathogenicity
to certain hosts. A second thesis at the
same university involved the screening of
accessions from CiP'S germplasm bank
for resistance to A. solani. So far, 267
accessions of the 800 for which true seed
was collected have been screened (100



Takls 7. Early blight evaluation of 2x-2x and
4x-2x families at the seedling stage (40 days
old) in a screenhouse ai Lima and in large seed-
beds at San Ramon as compared to a resistant
(R} and susceptible (S) control. Szedlings were
inoculated with an inoculum suspension of 3500
spores/mi,

Parcent resistant®

Genetic No. of
matarial families Lima San Ramon
2x-2x level
RxR 4 100 25
RxS 20 60 35
SxR 12 17 0
SxS 4 25 0
4x-2x 7 0 0
Resistant-OP
{control) 2 100 100
Susceptible-OP
(control) 3 0 0

% Resistant = families with an early blight score
of less than 4 {2590) in a scale of 1= 00/ |eaf
area infected to 9 = 97-100%%o leaf area infected,

seeds per tray) at Lima. The frequency of
resistants (ratings 1-3 on a scale of | =
no infection to 9 = 100% infection) was
27.5%. Eighteen accessions rated as
resistant were retested, with 14 resulting
in similar ratings; whereas 4 were slightly
more susceptible (ratings of 4-6),

Latin America. Collaborative research
with EMBRAPA in Brazil 10 select for
resistance to A solani continued at the
National Center of Horticultural Research
(CNPH) in Brasilia and uear Anapolis.
True seed of possible 1esistant genotypes
was supplied by CIP, Lima, and multi-
plied. Of 295 clones obtained from this
multiplication, only 23 (7.8%) were
selected after field exposure to the dis-
case. Some clones with good tuber char-
acteristics and high levels of resistance
have been selected for the soil conditions
of the ““Cerrado’’ arca, which have high
aluminum  toxicity and phosphate defi-
ciency. TPS of additional families have

Table 8. The most resistant early blight families from 2x-2x and 4x-4x crosses avaluated at the
seedling stage at Lima and San Ramon four days after inoculation.

Early blight scores (110 9)

Lima (screenhouse)

San Ramon (field seedbeds) -

Farnilies 4 days 6 days 3 days 4 days 5 days
2x - 2x

EB66P14-R1 x 381 Bulk 3.5 4.0 2.0 3.0 3.2
EB72P4-R9 x 381 Bulk 4.0 4.0 2.5 3.5 3.5
EBG6P8-11 x 381348.7 3.6 3.5 3.0 3.5 3.5
EBG66P32-B12 x 381348.7 35 5.0 3.2 3.5 3.5
EB70P8-P1 x 381348.7 3.0 3.0 2.2 2.7 3.0
EBG6GP1-B2 x 381348.7 4.0 4.0 2.0 3.2 3.5
FH-130 x BW-1 3.0 3.0 3.2 27 3.0
HB2-15 x FH-202 35 4.0 3.0 3.2 3.5
FH-168 x FH Bulk 3.5 3.5 2.2 27 3.0
4x-4x

1-1150 {Resist.- control) 4.0 4.0 3.0 3.0 3.0
1-931 {Resist.- control) 35 4.0 2.0 3.0 3.5
DTO-33 (Suscept.- control) 4.0 4.5 5.0 5.5 6.0
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Table 9. Spearman rank correlation coefficients between early blight evaluations carried out at the
seedling stage (47 families) at Lima and San Ramon on 2x-2x and 4x-4x crosses involving resistant

germplesm,

San Ramon-3% San Ramon-4 San Ramon-5
Lima-4% 0.449** 0.436** 0.481**
Lima-6 0.390** 0.465"* 0.464°**

9Test conducted at San Ramon and families evaluated three days after inocuiation, ani so on.
bTest conducted at Lima and families evaluated four days after inoculation, and so on.

been multiplied in a greenhouse to pro-
duce tubers for similar tests during the
1986-87 scason.

Simil-  genotypes wcre tested by
national program scientists in Uruguay at
the Las Brujas experimental station of the
Agricultural Research Center (CIAAB).
Clones from the two tuber families 384063
(WCN-521.2 x Gloria) and 384072 (NDD-
277.22 x DTO-33) registered a mean carly
blight infection of less than 15%:; and from
these, 35 clones were selected with ac-
ceptable agronomic characters. Although
the blight attack in Uruguay was very
severe, some clones such as CFS-69.1
showed a good level of resistance (13%)
similar to their performance at San Ramon,
Peru. The climate and facilities in Uru-
guay are excellent for screening for this
disease and greater emphasis will be placed
on this project in 1987.

SOIL-BORNE DISEASES

Verticiilium wilt (Verticillium dahliae).
In Peru, on the coast at Caiiete, further
evaluations for field resistance to Verti-
cillium wilt were performed with 65 clones
froni CIP’s pathogen-tested collection and
other projects. Tubers were inoculated at
planting time with microsclerotia in per-
lite. Each clone was also planted without
inoculum. Three replications of five tu-
bers per plot were used in a randomized
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block design. The incidence of the dis-
case was relatively low. The final evalu-
ation at 110 days after planting resulted
in 15 clones being rated (on a scale of
I = no infection to 5 = 100% infection)
as resistant (rated 1-2), 22 moderately
susceptible (rated 2-3), and 10 as suscep-
tible (rated 3 or higher).

A thesis project for the National Uni-
versity of Central Peru, Huancayo, deter-
mined that 18 weed species were infected
with V. dahliae in the field (Table 10).
Sometimes they were without symptoms,
serving as alternate hosts or reservoirs for
this pathogen.

Rhizoctonia solani. A field trial simi-
lar to the onc conducted during the Lima
summer (19°-28° C) in 1984-85 was again
repeated in the winter (14°-20° ) to con-
trol damping-off and premature death of
scedlings transplanted to the field. Only
the most effective fungicide treatments
were repeated. As before (Ann. Rep.
1985), the best results were ohtained with
the combination of Basariid fumigation
+ Rizolex + plastic cover.

Lanosa disease. In Ecvador, a collab-
orative study between CIP and the National
Institute of Agricultural Research (INIAP)
on the discase known as ‘‘lanosa’’ was
started in 1985. The three main objectives
were to 1) identify the pathogen, 2) deter-
mine host range, and 3) to identify pos-
sible sources of genetic resistance. During



Table 10. Weed hosts growing in farmers’ fields in the Mantaro Valley (central highlands) of Peru

from which Verticillium dahliae was isolated.

Samples Isclation
collected frequency

Plant family and species (no.) (%) External plant symptoms
COMPOSITACEAE

Bidens pilosa L. 80 11 None

Senecio vulgaris L. 80 20 Chlorosis, wilt, defoliation

Tagetes olliptica L. 10 20 None

7agetss foeniculacea L. 15 13 None

Tagetes multiflora L. 35 6 None
CRUCIFERACEAE

Brassica campestris L. 80 11 Chlerosis, wilt, defcliation

Capsella bursa-pastoris {L.) Medik. 60 28 Chlorosis

Diplotaxis muralis D.C. 40 28 Chlorosis, wilt, defoliation
GERANIACEAE

Erodium cicutareum (L..) L'Herit 90 6 None
LABIATAE

Lamium amplexicaule L. 10 50 None

Stachys arvensis L. 45 4 Chlorosis, wilt, defoliation
LEGUMINOSACEAE

Medicago hispio~ Gaernt, g5 5 None
MALVACEAE

Malva sylvestris L, 100 4 None
PRIMULACEAE

Anagallis arvensis L. 10 20 Chlorosis
PORTULACACEAE

Calandrinea ciliata Kunth 5 20 None
CHUENOQPODIACEAE

Chenopodium quinoa Willd® 85 4 Chlorosis, wilt
SCROPHULARIACEAE

Veronica persica L. 65 4 Chlorosis
SOLANACEAE

Solanum nigrum L, 5 20 None

%Not a weed, but a crop mentioned as such in the rotation system.

microscopic identification of the fungus,
fruiting bodies (synnemas) were observed
for the first time. When grown on agar
media these bodies produced mvcelia
identical to Rosellinia. Pathogenicity tests
produced symptoms with the virulence of

)

“lanosa,’’ suggesting that these bodies
were a possible sexual stage of the fun-
gus. The cultivar Esperanza was the most
resistant, but cultivars J-16-16 and Chau-
cha had resistant foliage, although this was
not correlated with tuber health. Twenty
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weed species were examined to determine
the host range of the fungus. Only Lupi-
nus sp. appeared completely healthy and
seven of the weed species died from fun-
gal infection. Among other cultivated
crops, the most susceptible were peas,
squash, beans, radish, and certain herbs.
No symptoms were found on wheat and
barley or on Andean crops such as mashua
(Tropealum tuberosum), and quinua
(Chenopod.um quinoa).

Rust disease (Puccinia pittieriana). A
cooperative rescarch project with the
National Institute of Agriculuiral Rescarch
(INIAP) in Ecuador was started to study
the rust fungus Puccinia pittieriana, which
can be severe in specific microclimatic
zones. There were 130 clones from INIAP
and CIP tested for reactions in tae field
at two disease-specific sites, El Belen and
Sabariag. Results were not identical at cach
sitz and only one clone gave the same
susceptible reaction. The same erratic
behavior was noted at two other sites.
suggesting the existence of fungal races.
This work will be continued in 1987, and
a ncw test site at Pillaro, where the dis-
ease has economic importunce, will be
included.

SURVEY OF DISEASE INCIDENCE

A survey of diseases of the potato in the
hilly potato-growing area of Pakistan was
conducted from August 14 to September
i1, 1985. The project was carried out as
part of an agreement with the Research
Institute for Plant Protection (IPQO), Neth-
erlards, in collaboration with the Paki-
stan-Swiss Potato Development Project and
the Pakistan Agricultural Research Coun-
cil. After the inspection of 255 fields,
eighteen fungal and three bacterial
pathogens were identified plus four
fungi commonly associated with potato
crops.
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The main problem was soil-transmitted
fungi associated with the lack of rotation
in most of the regions visited. Verticil-
lium albo-atrum was widespread causing
severe wilting. This disease could be
readily controlled by rotation and by
planting clean seed, since this organism
does not remain in the soil for long periods.
V. dahliae was found in most fields and
is less damaging, but is not readily elimi-
nated by short crop rotations as it remains
in the soil for several years. Fusarium
solani was less frequent but still signifi-
cant. The presence of the secd-transmit-
ted strain was not verified and snould be
investigated. Sclerotinia sclerotiorum wilt
was found mainly in the Swat District of
Pakistan and was associated with foliar
damage by farms animal or ficld workers
during spraying for late blight.

Late blight (P. infestans) was a proo-
iem throughout the conntry, except in the
Gilbit region, and causes severe damage
to potato crops in arcas with heavier rain-
fall. To better control this discase, farm-
ers need to be trained in fungicide ap-
plication. Other leaf-infecting fungi were
of lesser importance, as were other soil-
borne fungi.

Bacterial diseases, though common,
were of relatively low incidence in the
country. They are, however, a potential
serious threat to seed production pro-
grams. Bacterial wilt occurred at the lower
elevations (around 2000 m) and will prob-
ably limit potato production at these ele-
vations. Apparently the movement of seed
tubers from the lower to higher areas is
occurring and can lead to latent infection
and subsequent severe losses in potato
crops.

TRAINING

At CIP headquarters, four visiting scien-
tists from Peru, Brazil, and Burundi were



trained on various aspects of late blight, lems, screening for varietal resistance, and
bacterial wilt, and Erwinia diseases to seed tuber production in areas where bac-
assist their work on basic research prob- terial wilt is endemic.
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THRUST IV

Control of Virus and Virus-Like Diseases

D ifferent levels of interaction between potato leafroll virus (PLRV) and
other potato viruses were shown to decrease the level of resistance to
PLRV multiplication in clone B-71-240.2 This interaction might explain the
rapid loss of PLRV resistance in some cultivars under field conditions. A
rapid screening in stem cuttings from agronomically superior progenies has
been developed to speed up the selection process of clones with good agro-
nomic performance and rzsistance to PVX and PVY. Testing for virus resist-
ance under field cou:iitions was continued in Peru, Colombia, Chile, Argentina,
Uruguay, and Tunisia. It is worth noting that c' ‘ae 381371.81, selected in
Uruguay, ks excellent agronomic characteristics, good virus resistance, and
an 80-dav . rmancy period which is suitable for a two-crop regime, The
success of C1P": recurrent breeding program can be supported from the selec-
tion in Uruguay of famiiies that showed approximately 60% of virus-resistant
selections. Studies under tield conditions confirs: 2 the hypothesis that immu-
nity to potato viruses X and Y will reduce the degree of degeneration of new
cultivars due to virus infections. Studies in Tunisiz have shown that four
generatious of imported seed is the maximum number of multiplications pos-
sible at present without a serious drop in seed quality supplied to the farmer.
The development of new precedures for preparing and labeling potato spindle
tuber viroid (PSTV) nucleic acid probes allowed more efficient detection of
PSTV-RNA. Radionctive probes (**P) are now used routinely, and the use
of *38 or nonradioactive labels now seems possible,

An extension of the NASH test for detecting PLRV, PVX, and PVY has
been studied in collaberation with scientists at the Plant Breeding Institute in
Cambridge, United Kingdom. Plasmids containing inserts from portions of
virus genomes are being multiplied and transformed into new vectors at CIP.
Improvements in serology inciude preparation of a potato virus A antiserum,
replacing reagent grade latex by a cheap industrial latex or bacterial cells,
and the development of immunobinding assay on nitrocellulose filters. The
demonstration of PLRV-related microcrystals in embrionary aphids located
in the abdomen of viruliferous aphids is intriguing. The significance of these
findings on virus ecology in the tropics is under study.

Purified preparation of SB-22 virus showing three basic types
of nucleoprotein particles. Bar represents 200 nm. 85
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RESISTANCE TO VIRUSES

Interaction of potato viruses. Since it
has been demonstrated that potato viruses
X and Y (PVX, PVY) interfere with the
rate of multiplication of potato leafroll virus
(PLRV) in potato clones, major studics
were initiated to investigate the mecha-
nisms of virus interaction. Experiments
were conducted on clone B-71-240.2,
which is known to have resistance to PLRV
multiplication. Interactions were studied
between PLRV and the most common
potato viruses such as PVX, PVY, PVS,
Andean potato mottle virus (APMV),
Andean potato latent virus (APLV), and
a virus code-named SB-22. Results showed
that all viruses tested, except PVS, reduced
the resistance to PLRV multiplication in
clone B-71-240.2. Virus SB-22 showed
the greatest effect since the concentration
of PLRV in B-71-240.2 also infected with
SB-22 was always higher than the control
(Fig. 1). PVX and PVY showed a similar
synergistic effect that can be detected
immediately after inoculation. In the case
of APMV and APLV, however, the
increase in concentration of PLRV
occurred at least four weeks after PLRV
inoculation. In contrast, PVS showed an
opposite effect on PLRV multiplication,
since in plants infected with PVS, the
concentration of PLRV was lower than in
plants infected only with PLRV. These
studies seem to explain why PLRV-resist-
ant clones rapidly become susceptible to
PLRYV under field conditions in the absence
of variability in the virus. Experiments
are in progress to determine the biochem-
ical/physiological basis of virus interfer-
ence.

Devclopment of virus resistance. Peru.
Work is still in progress to determine the
type of resistance to PLRV found in clones
from CIP’s germplasm collection (Ann.
Rep. 1985). Experiments to compare the
efficiency of PLRV inoculation of clones
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in the greenhouse with the efficiency of
natural field infection have now been
cstablished.

Screening for resistance to PVY and
PVX was performed with clones from
CIP’s pathogen-tested program and with
superior breeding lines. CIP clone
379706.27 (LT-8), selected because of
earliness, high yield, heat tolerance, and
immunity to PVY and PVX, has been
tested against a broad spectrum of PVY
strains and related potyviruses. This clone
was immune to 3, 8, and 9 isolates selected
from the PVYS, PVYN and PVY? group
of strains, respectively. It was also immune
to wild polato mosaic virus (WPMVY Peru
tomato virus (PTV), and to the isolates
PVYC-AB, PVYC.GL, and UF of the
potato strain of PTV (all of these isolates
were previously reported in the literature
as potato virus V). However, like other
sources of immunity to PVY derived from
Solanum tuberosum ssp. andigena, LT-8
was hypersensitive to the four isolates of
potato virus A (PVA) that were tested.
This hypersensitivity will have to be con-
sidered m the strategy of CIP’s breeding
program for virus resistance Lo assure that
the desired field durability of PVY-resist-
ant clones is maintained.

Nineteen true potato seced (TPS) fami-
lies that showed a high percentage of
agronomically superior progenies in pre-
vious tests at Lima were propagated under
quarantine conditions in the screenhouse.
Stem cuttings from the mother plant of
each genotype were tested for resistance
to PVY. From a total of 2707 cuttings
tested, 1375 resistant genotypes (51%)
were selected. Tubers from resistant gen-
otypes, grown under quarantine condi-
tions, will be sent to CIP regions for
agronomic evaluation. This procedure has
been adopted to speed up the selection
process of clones with good agronomic
characteristics and resistance to PVY.
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Figure 1. Concentration of potato leafroll virus (PLRV) in clone B-71-240.2
infected with virus $B-22 and potato virus S (PVS). PLRV was detected by
ELISA at weekly intervals after olant inoculation.

Sixty-nine families with a total of 1i.040
cuttings are now being screcned for PVX
and PVY resistance according to the pro-
cedure Jescribed above. Twenty-two of
these families will also be evaluated for
PLRYV resistance.

Celombia. The third consccutive sea-
son of testing for general virus resistance
in clones from CIP and the Central
Colombian Putato Collection (CCC) was
completed at tir. national potato program
rescarch stations at Tibaitata and La Selva,
Colombia. As the results between the field
symptoms and serology tests weie contra-
dictory, seven clones of the CCC set were
eliminated. A fourth cycle of selection will
be initiated in 1987. A further set of crosses
was made between two clones of the CCC
set and three CIP sclections. The progeny
will be grown in early 1987 for field

exposure to viruses at the early seedlig
stage.

Argenfina. Tuber families with virus
resistance were multiplied in 1985 by the
national potato program of INTA at the
San Pedro research station and 83 clones
were selected. These were planted in the
fall 1986 and 16 (19%) were selected for
further agronomic evaluation. These
clones, together with 31 tuber families,
will be exposed to virus infection in spring
1987.

Chile. Work by the national potato pro-
grani of INIA has continued on the selec-
tion of both INIA and CIP breeding lines
for resistance to PLRV. In these trials the
breeding lines tested had been exposed
previously to virus infection during the
1984-85 season. Readings obtained in this
second season of infection indicated that
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Serrana (INTA, Argentina) and Linea 76
(INIA, Chile) had the lovrest infection
percentage (8%). Several lines and clones
were intermediate, but the controls (Pent-
land Crown, Urgenta, and Spartan) varied
between 48% to 64% infection. In a sec-
ond trial, which mainly comprised CIP
clones together with Serrana and Desirée,
very little infection occurred even after
the second exposure. Most clones,
including Serrana, showed zero infection.
Yields were good, but acceptable agro-
nomic characteristics suitable for the
sophisticated Chilean market were diffi-
cult to obtain.

Uruguay. Virus infectien in Uruguay,
particularly by PLRV, was extremely
severe in 1986, making it an excellent site
for selection of resistant materials. The
national scientists have selected many
promising clones cven after the second
exposure to field infection. Clone
381371.81 has excellent agronornic char-
acteristics, geod virus resistance, and an
80-day dormancy period and would be
suitable for the two-crep regime (spring-
fall) currently being considered. The yields
of the 1986 trials were severely reduced
as a frost killed the crop at 55 days. In
two other trials, clones that had already
been exposed twice to PLRV were reduced
from 2] to 6. and 4 will be passed to
national trials. Several other clones with
a dormancy period of 90 days will be tested
in a cropping system of three crops in two
years. Two other clones with a dormancy
of 70-80 days will be used in the system
of two crops per year. It is important to
analyze the percentage of resistant clones
arising in different famities, as this will
indicate the success of CIP’s recurrent
breeding program. Some families, such
as 382018 (378703.11 x 7XY.1) and
382021 (Serrana x 7XY.D), showed
approximately 60% of resistant selec-
tions.
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Tunisia. CIP and national scientists have
now completed the fourth multiplication
of imported seed. Only 6.5% PVY was
detected by ELISA seroiogy after 8% of
diseased plants were rogued. There was
a total virus content in the crop of 14%
PVY, 1.5% PLRV, and over 80% PVS
(Fig. 2). The national seed program has
concluded that four generations of imported
seed is the maximum number of multi-
plications possible at present without a
serious drop in sced quality supplied to
the farmer.

A set of clones previously sclected at
the June 1985 harvest were placed in cold
storage until February 1986. They were
then planted at the Saida site of the National
Center for Agricultural Research (CPRA)
and compared with five-month-old tubers
of imported Spunta, the standard variety.
The objective was o identify clones
adapted to North Africa, but with good
resistance to PLRV, PVY, and PVX.
Clones 381453.1 and 382250.1 gave yields
similar to Spunta, but were still somewhat
late-maturing for Tunisian conditions.
Among the 15 new tuber families intro-
duced from CIP, Lima, and planted in
March 1989, there were several clones that
seemed more suitable and initial selec-
tions have been made. Among the most
promising families are 384523 and 384524,

Stability of resistance to potato viruses
PVX and PVY and in-idence of other
epidemiologically important viruses.
Studies were completed in Peru on the
stability of genotypes resistant to PVX and
PVY and on the degree of degeneration
due to other virus infections when exposed
under field conditions. After four fiejd
exposures in Lima and Huancayo, clones
immune to PVX and PVY were not
infected by these viruses. Clones highly
hypersensitive to PVY such as Serrana,
CEX 69.1, and MEX 750815 showed 0%,
0%, and 6% of PVY intoction, respec-
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Figure 2. Percentage of virus content {(PVY, PLRV, and PVS) in seed potatoes after four

multiplications of imported seed, Tunisia.

tively. However, clones with low hyper-
sensitivity to PVY such as Rosita and
Tomasa Condemayta showed 30% and
70% PVY infection, respectively. Inde-
pendently of the level of resistance o PVX
and PVY, PVS was more prevalent in all
of clones tested than PLRV, APLV. and
APMV. Aphid counts in the experimental
plats at both sites indicated large popu-
lations of winged Myzus persicae and
Mucrosiphum euphorbiae, assuring a high
incidence of aphid-transmitted viruses in
the experimznts. The clone Serrana showed
9% PLRV infection and clone LT-4
showed 80% infection, stressing the rela-
tive resistance of Serrana to PLRV.
Degeneration in clones without immu-
nity to PVX and PVY was shown by their
high **symptom intensity indexes™™ (Sh
and by a high yicld decrease (20-63%)
after four field exposures when compared
with the yield of the first ex: ssure (Table
1) (Fig. 3). Clones immune to PVX and
PVY showed a low SI and low yicld
reduction due to other virus infections.

Table 1. The "symptorn intersity index" (SI)
in clones after four field exposures to virus in-
fection and their percentage of yield reduction
when the same clones with four fieid exposureas
were compared with their first exposure.

Reaction to?

_ —_— %% Yield

Clone PVX PVY SI? reduction
XY 13.15 (V2) ¢ ! 32 20*
ARSH32 ! | 26 4
78C11.5 (v3) | 1 20 5
Bzura | ! 22 1
LT4 S | 40 1
78C8.1 S ! 26 4
Serrana H H 26 6
CEX-69-1 S H 38 —6
MEX 750815 S H 34 27°
Tomasa

Condemayta S h 42 20*
Rosita S h 60 63"

9Under greenhouse conditions, unpublisheddata.

bS| = ranges from 20 (no symptoms) to 100
(death).

€l = immune; S = susceptible; H= hypersensi-
tive, no systernic infection detected; h = low
hypersensitivity, systemic infection detected.

*Significant at the 5%b level,
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Figure 3. Yield from ten plants of the cultivar Rosita exposed to virus infections under field condi-
tions at Lima in 1985. Left: yieid from first exposure. Right: yield from fourth exposure.

Studies under natural field conditions
contirmed the hypothesis that immunity
in potato 1o PVX and PVY will give
stable resistance to these viruses and, in

general, will decrease the degree of

degeneration of new cultivars due to other
virus infections. Similar studies are being
initiated in Uruguay and Egypt with the
collaboration of their national programs.

VARIABILITY OF POTATO VIRUSES
AND STUDIES ON OTHER VIRUS
DISEASES

Variability of PVY. In collaboration with
Dr. D. C. Baulcombe at the Plant Breed-
ing Institute in Cambridge. United King-
dom, four nocle-c acid  hybridization
(NASH) probes for PVX have been tested
against distinet PVX strains mainly from
the Andean region. Also, three probes were
tested against a broad spectrum of PVY
isolates obtained from different geograph-
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ical arcas and to other potyviruses found
naturally in potato or in other hosts of
PVY. The four PVX probes showed the
same general pattern (Fig. ) in that strains
GUA 2 and NZ hWybridized much more
strongly than ¢ and HB. except for one
probe that did not hybridize with the ¢p
strain. These results support previous
findings in vicology work at CIP in that
Andean PVX strains belong 1o a ditterent
genomic group of PVX strains. The test
with the PVY probes indicated that probes
pPVY 6 und pPVY 19 are " “ntical. Probes
pPVY 15 and pPVY 6 overlap and are
derved trom the central region of the PVY
genome and not the coat protein gene,
Hybridizations showed a broad specilicity
of the probes to the broad spectrum ol 27
isolites tested from the PVYY. PVY™, und
PVYY groups of strains. PVY probes did
not hybridize or hybridized very weakly
with PTV, PVV, TEV, WPMV, und PVA,
providing conclusive evidence that these



viruses are distinct yet related potyvi-
ruses. Reports in the literature on serolog-
ical relationships among potato potyviruses
take into account only the part of the gen-
ome that codes for the virus coat protein,

whercas the NASH test also analyzes other

parts of the genome of the potyviruses.
Variability of PLRV. Muny wild
Solariun spp., which were selected in 1985
as resistant to PLRV. later proved to be
resistant only to the aphids and not to the
virus. Therefore, the development of a set
of differential hosts to study the variabil-
Iy of PLRV using wild Solanum species
wis not suecessful. Four PLRV isolates
available at CIP, code-naimed 01, 29, 10,
and Chinese. were tested by the NASH
test against a4 PLRV nucleie acid probe
produced by Dr. Baulcombe, Results did
not show any variation in the four PRV
isolates tested. The PLRV probe pro-

duced by Dr. Baulcombe mainly contains
the cDNA for the coat protein of the virus.
These results confirm the findings of other
virologists who, using monoclonal anti-
bodies to PLRV, did not detect a signifi-
cant variation among PLRV isolates.

Identification of viruses. The SB-22
virus, which appears to be widespread
among Peruvian potatoes, was shown to
be transmitted mechanically and through
the botanical seed of Physalis floridana.
Infected seeds showed mild 10 severe
necrosis (Fig, 5y, Lxperiments to deter-
mine its transinission by TIPS are in
progress at Lima.

A virus-like agent was transmitted with
difficulty from plants of the cultivar Ser-
rana showing symptoms of potato
deforming mosaic virus (PDMV) to N.zo-
tiana  benthamiana. N, benthamiana-
miected plants showed line patterns and

Sap dilution

Strain and origin Pure 10°!

10°2 10-3 10-"

PVXcp (Peru)

PV XHg (Bolivia)

PVX-GUA 2 {Guatemala)

PVX-NZ (New Zeatand)

Healthy

@ »

v

Figure 4. Detection of potato virus X (PVX) strains by the NASH test. Two ut ot pure and diluted
crude sap from infected and healthy plants was spotted on nitrocellulose, tha virus was hybridized
wilh (32P) labeled pPVX 19 cDNA, and hybrids were detected by autoradiography,
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Figure 5. Effect of virus SB-22 on germination of Physalis floridana seeds. {A) seeds with
mild necrosis; (B} seeds with severe necrosis; and {C) seeds without visible necrosis.

Figure 6. Longitudinal section of embrionary aphid showing a disseminated fluorescence in
symbiontes of a mycetosite. Magnification X 250.



strong chlorotic mosaic. This is the first
report in the literature on sap transmission
of the PDMV agent from naturally infected
plants.

A potyvirus (SB-20) was isolated at CIP
from plants of Solanum commerssonii, a
wild specics collected in Uruguay. Ser-
ological tests (latex and ELISA) and the
symptoms induced in Solanum demissum
“A’ indicated that SB-20 is an isolate of
PTV.

Intracellular location of PLRYV in the
aphid Myzus persicae Sulz. Scctions (ca.
2 pm thick) of PLRV-infected and healthy
aphids embedded in paraffin were washed
in xylol and staining buffer (pH 7.2) and
stained with fluorescein isothiocyanate
(FITC)-labeled PLRV 1gG. Under a flu-
orcscence transmission microscope, strong
fluorescent microcrystals were found in
cells of aphid hindgut and other organs.
The presence of microcrystals was con-
firmed by electron microscopy in ultrathin
tissue sections cf the stomach, the first
part of the intestinz, and the thorucic gan-
glion. Also, a disseminated fluorescence
was observed in the nucleus and cells from
the mycetonic and in the cytoplasm of tra-
chea cells of embrionary aphids located
in the abdomen of viruliferous aphids (Fig.
6). No fluorescence was observed in scc-
tions of non-viruliferous aphids. At present
we do not know the significance of these
findings on the virus ecology, and experi-
ments are being devised to determine the
role of aphids on virus survival in the
tropics.

Studies on PSTV replication and plant
resistance. This study was conducted at
the U.S. Department of Agriculture
(USDA) in Beltsville, Maryland, with the
collaboration of Drs. R. A. Owens and
R. Hammond. The raechanism of infec-
tion and replication of potato spindle tuber
viroid (PSTV) wa sudied by inoculation
of Lycopersicon esculentum  (tomato),

Helianthus annuus (sunflower), Brassica
napus (turnip), and Solamun acanle (OCH
11603) with PSTVcDNA by means of
Agrobacterium tumefaciens as a vector,
Sap inoculation and grafting were also used
for comparison of transmission.

Analysis of single- and double-stranded
PSTV-related RNA sequences from the
inoculated plants suggested the presence
of different resistance mechanisms in dif-
ferent plants. As was expected, suscep-
tibility was found in tomato by all methods
of inoculation, indicating that the initial
process of infection (the attachment of
viroid molecules to cells), as well as rep-
lication and translocation, proceed in this
host without restriction. Turnip was not
infected by PSTV, which was found only
in the galls after inoculation with A. nume-
Jaciens. This occurrence was probably due
to local RNA transcription from plasmid
PSTVcDNA acting as a template. There-
fore, turnip can be considered as an
immune host in which replication and
translocation of PSTV is completely
inhibited. Sunflower was not infected by
sap inoculation, and very small amounts
of PSTV were found in the roots of the
approach-grafted plants. However, when
sunflower was inoculated with A. nume-
Jaciens, PSTV-related-RNA was found in
the galls and roots.

A mechanism can be envisaged in sun-
itusver in which the initial stages of infec-
tion and replication of the viroid can be
prevented. If the viroid, however, is placed
directly into the vascular system it could
be translocated and accumulated in the
roots.

TECHNIQUES FOR DIAGNOSING
VIROID AND VIRUS INFECTIONS

Detection of PVA, Potato virus A (PVA)
was purified from leaves infected with
Nicotiana occidentalis and an antiserum
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was produced in rabbits by multiple
intradermal injections using a total amcunt
of 200 pg of purified virus. With the latex
test it was possible to detect the homol-
ogous and heterologous isolates of the virus
in infected potato plants without differ-
ences in reaction intensities. In no cases
were nonspecific reactions observed. With
ELISA high absorbance values were
obtained from potato and from N. occi-
dentalis infected with the homologous
isolate, but low values were obtained with
the heterologous isolate. Further studies
are in progress to determine the sensitiv-
ity and specificity of both methods for
detecting PVA in potato plants.

Simplification of the latex test. An
incxpensive latex source (latex used in the
shoe industry) was studied to determine
the feasibility of replacing the expensive
reagent grade latex used in the test for
virus detection. Latex spheres, washed and
purified from commercial latex (Tektiron
116-E Polystyrene, from Tecnoquimica,
Peru) were sensitized with 1gG for PVX,
PVY, and APLYV and used to detect those
viruses in sap from infected indicator plants
and ficld-grown potatoes. The results
siiowed that Tektiron 116-E was as sen-
sitive as the reagent grade (Sigma) latex.
This latex source, being forty times less
expensive than reagent grade latex, is a
cheap source available in most develop-
ing countries.

Other altermative antibody carriers were
compared against latex for their efficiency
in detecting viruses. Bacterial cells seemed
a good possibility. Heat-trcated Staphy-
lococcus aureus Ros. (strain Corwan 1)
was also sensitized with IgG for PVX,
PVY, and APLV. The Fc portion of the
IgG attaches to naturally occurring Pro-
tein A on the bacteria cell wail, leaving
free the F(ab), combining sites. These IgG-
sensitized bacteria cells were almost
equally sensitive to the IgG-sensitized
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latex. In virus detection in field samples,
IgG-sensitized bacteria reacted more rap-
idly than latex. The use of bacteria might
be a good alternative in situations where
latex is not available.

Antisera production. CIP continues to
support the National Ceater of Horticul-
tural Research (CNPH) in Brazil in pro-
ducing its own antisera for virus testing.
In 1986 a CIP technician visited CNPH
to give further training in the prouuction
of antiserum and to refine the existing
methods.

Use of other ELISA procedures. A
NC-ELISA (nitrocellulose-ELISA) tech-
nique, also known as DIBA (dot immu-
nobinding assay), has been adapted at CIP
for PVY detection. Present results show
that NC-ELISA has a similar sensitivity
to the double-antibody (sandwich or direct)
ELISA used at CIP; however, the advan-
tage of NC-ELISA is thut it needs only
common laboratory facilities and is a sim-
ple and quick test to perform. After prep-
aration and application of plant extracts
onto ritrocellulose membranes, the entire
test can be carried out in half a day.

Nucleic acid spot hybridization. Dr.
Baulcombe and collaborators from the
Plant Breeding Institute prepared comple-
mentary DNA (cDNA) to PVX and PVY
and cloned ¢DNA into Escheridia coli
plasmid pBR 322. In collaboration with
Dr. Baulcombe, these cDNAs were used
as probes in a nucleic acid spot hybridi-
zation method (NASH) for the detection
of PVX and PVY in crude sap samples.
The method is highly sensitive and facil-
itates analyses of larger numbers of sam-
ples with less labor than ELISA. Thus it
is likely that this method will be applied
to PVX and PVY detection in quarantine,
seed certification, and breeding programs
for virus resistance.

Plasmids pPVX19 and pPVYI5 have
becn selected as detection probes for PVX



and PVY, respectively. They have been
kindly donated to CIP by Dr. Baulcombe
and are now being multiplied and trans-
formed into new plasmid vectors.
Improvement of PSTYV hybridization
probes. A PSTV insert which had been
cloned by Dr. R. A. Owens (USDA) in
the DNA of bacteriophage MI13 was
adapted for use in routine PSTV detection

at CIP. The method is based on the clon-
gation of a primer annealed to the vector
DNA to copy the PSTV insert and then
excising and purifying the probe by gel
electrophoresis.  This process yields a
highly specific probe, but the process is
too long and laborious for routine use. A
second alternative was studied in collab-
oration with Dr. Owens in which the PSTV
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Figure 7. Two methods to prepare highly radioactive and specific probes for
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insert was cloned in vector pSP65, which
contai.s a polymerase SP6 promoter.
By the use of this vector, RNA probes—
instead of DNA as in previous methods—
can be transcribed using a linearized pSP65
template. RNA probes are about 100 times
more sensitive than nick-translated or M13
probes, nonspecific reactions can be
eliminated, and the process takes only a
few minutes. These probes are in use now
at CIP (see Fig. 7 for probe preparation).
Experiments are underway to replace 2P
with S and a non-radioactive label, both
of which have a longer shelf life than 32P.

Factors affecting detection of PSTV
by NASH. Storage of PSTV-infected tu-
bers at 4° C was shown to drastically
reduce viroid detection, as PSTV becomes
undetectable in four to five months (Fig.
8). Storing tubers between 15° to 25° C
did not affect PSTV detection. In sprouts
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detached from infected tubers and store
at —15°C, PSTV detection was drast
cally reduced in four to five days an
became undetectable in abont 15 days. Th
effect of storage on infected leaves was
not as drastic. although some reduction of
PSTV detection was observed. The rea-
son for this effect is unknown, and further
experiments are needed to determine the
cause. No reduction of PSTV was observed
in TPS stored at 4° C for more than one
year.

TRAINING

Seven visiting scientists from Europe,
Africa, Asia, and South America received
a total of 38 weeks of training on labo-
ratory and glasshouse techniques for the
detection of viruses and PSTV. A field-
level virology course was given in Nepal



to support the nativnal seed production
program, and an in-country course was
given in Turkey on serological detection
of viruses. This course was designed for

seed production specialists and national
potato program staff working in the
breeding program on sclecting clones for

virus resistance.
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THRUST V

Integrated Pest Management

M ajor emphasis was placed on screening potato genotypes for resistance
to nematode and insect pests and on noncheinical control methods.
Eight percent of 150 potato clones and 4% of a segregating population of
3000 genotypes showed resistance to root-knot nematode, Meloidogyne
incognita. Thirty-one clones from pathogen-tested and advanced selections
were found susceptible. A combination of the nematode parasitic fungus
Paecilomyces lilacinus and aldicarb looked promising in controliing M.
incognita. A series of screening trials for resistance to potato cyst nematode
showed resistant clones in early and advanced materials. Forty-three selected
resistant clones were passed to the national potato program of INIPA, Peru,
for adaptation tests; one clone (G3) is being released as a new variety in Peru
and four are still in advanced regional trials.

Four of 60 species of potatoes showed a certain degree of resistance to
potato tuber moth (PTM) (Phthorim.ca operculella) damage in the foliage,
which was partially associated with the presence of glandular trichomes.
Progenies from different crosses of sclected materials are being evaluated for
the presence of glandular trichomes and for yield. Resistance to tuber muth
damage in tubers has been found in increasing amounts, e.g.. from 1% in
1983 to 11% in 1986 and new sources of resistance were identified in clones
derived from wild diploid material. For leafminer fly (Liriomyza huidobren-
sis), 194 clones were field-evaluated and 19 were selected for resistance.
Biological control of tuber moth was attempted in ficld and stores by using
a granulosis virus identified from tuber moth larvae reared in Lima. This
virus proved effective under both field and storage conditions. For Andean
weevil (Premnotrypes suturicallus), the fungus Beauveria bassiana, was
moderately effective in the field.

In Tunisia, relationships among potato plant development, tuber maturity,
harvest date, tuber yield, and seasonal potato tuber moth occurrence and
damage were investigatec. As a resu!t optimal harvest dates were determined.
In Egypt, the combined use of light and sex pheromone traps, aad the use
of phosphine as a fumigant were both effective in controlling PTM in stores.
Aphid populations were monitored in three areas in Colombia: Myzus par-
sicae was the most predominant of the 13 species recorded.

Farmer in Bangladesh being trained to treat potato
tubers with a granulosis virus for blological control
of potato tut.er moth. 99



ROOT-KNOT NEMATODE

Screening for resistance. Thirty-one
clones from a combination of CIP’s path-
ogen-tested and advanced selections from
tuber families were tested for their reac-
tion to root-knot nematode (RKN),
Meloidogyne incognita. All were found
susceptible. Depending on the origin of
nematode inoculum, 8-13% of 159 clones
subjected to three different nematode
populations were found resistant. In
another test, 4% of the segregating pop-
ulation of 19 tetraploid families compris-
ing approximately 3000 genotypes were
found to be resistant. The selected mate-
rials will be retested for resistance to three
distinct nematode populations and the
confirmed resistant material will then be
cleaned for regional trials.

Biological control. Different combi-
nations of the parasitic fungus Paecilo-
myces lilacinus and doszges of aldicarb,
down to one fourth of the recommended
rate, were effective in controlling over 90%
of the root-knot nematodes under green-
house conditions. Data indicate that one
fourth of the recommended dose o1 aldi-
carb in combination with P. lilacinus was
as effective as the application of the full
recommended dosage of the same nema-
ticide in controlling nematodes. Tests are
being conducted to verify these results
under field conditions.

Cleaning, identification, and confir-
mation of the nematode biological control
activities of several fungal isolates col-
lected during the past several years con-
tinued. Confirmation of field biocontrol
activity is underway.

POTATO CYST NEMATODE

Screening for resistance. The progeny
of 200 families crossed in 1985 (G-85)
using 60 females (including late blight-
and frost- resistant females) and four males
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resistant to potato cyst nemnatode (Glo-
bodera pallida) were evaluated in Huan-
cayo for agronomic traits and combining
ability’ for resistance to P4A and PSA races
of G. pallida. In the field, 7.8% (1200
clones) were selected; of these, 45% were
rated as resistant. However, results still
showed a negative correlation between
resistance and yield, and resistance and
tuber quality.

After resistance to P4A and P5A races
of G. pallida in G-84 crosses was con-
firmed in 560 clones, 145 were further
selected for their agronomic performance.
Part of this work is being carried out by
the Peruvian national potato program of
INIPA.

Forty-three out of 100 selected clones
(G-83) were passed on to the national
potato program to be tested for resistance
to cyst nematode and adaptation in the
north and central highlands of Peru. The
ten best selections from this trial are shown
in Table 1. A summary of all the genetic

Table 1. Yields and resistance to di{ferent races
of G. pallida in the ten best clones tested out
of 100 crosses made in 1983. Huancayo, Peru,
1985-86.

Resistance?

d
Yield/plant and race
Clone {kg) PAA P5A
27914212 (G3) 26" MR R

G83233.12 25 S R
CFK-69.1 (controi} 24 S S
G83009.23 24 MR S
G83193.3 2.4 S MR
(G83251.23 23 S MR
Revolucién {control} 2.2 S S
G83117.4 2.2 R R
G83003.5 2.1 S R
G83141.12 2.1 R R

CV 23.96%o; * nsd amiung clones

%R = resistant; MR = moderately resistant; S =
susceptible,


http:G83141.12
http:G83251.23
http:G83009.23
http:G83233.12
http:279142.12
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Field evaluatior. of a clone with potato cyst nematode
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resistance, undertaken by thc national potato program

of Peru,

material tested in 1986 for resistance to
G. pallida PAA and P5A is presented in
Table 2. This includes material developed
at CIP by scveral breeders as well as
material coming from other institutions.
The Peruvian national program, after
five years of cooperative trials, has decided
to release CIP selection 279142.12 (G-3),
which has an outstanding performance in
the northermn and central highlands of Peru.
This clone shows high levels of resistance
to G. pallida PSA and moderate resist-
ance to P4A. Throughout four years of
trials it has shown tolerance to late blight
and outyielded local varieties. Table 3

presents this clone as well as other prom-
ising selections.

In Ecuador, resistance screening to cyst
nematode has been carried out by the
national potato program of INIAP for the
past six years. In regiona! trials, two rota-
tion studies were carried out to determine
the nematode population under an inte-
grated management system.

Five resistant clones selected from
regional trials in Ecuador are currently
undergoing virus elimination at CIP head-
quarters. Of 86 new clones sent in 1985
to Ecuador, 40 were found resistant and
will be evaluated under field conditions.
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Table 2. Material tested for resistance to two races (P4A and PSA) of Globodera pallida during a

one-year period (1986).

Genetic material

No. clones/families

%o Resistance

Root-ball method

Scurrah material G84 921 60
Confirmatior. test G84 200 g5
Vernei hybrids 'CIP) 50 32
Wageningen 93 38
Iwanaga (2x-4x material) 136 15
Cornell (clones) 390 40
Set No., 7 Export 180 40
Bryan pathogen-tested material 34 2
Petri dish method

Clones G83 122 35
Mass seadling screening 193 (families) 0

Table 3. Yield and resistance to potato cyst nematode (G. pallida) of selected clones tested in the
highlands of Peru by the national potato program, 1985-86.

Yieid Field Muitiplication rate
Clone {t/ha} resistance? (Pf/Pi)b
280179.7 429 MR 1.5
279142.12=G3 32.7 MR 1.8
AG279098.5 27.7 MR 1.6
280363.1 26.8 MR 3.1
AG279212.1 26,6 MR 1.9
Yungay (control) 18.5 S 5.3

MR = moderately resistant, equivalent to 1 in 0-3 scale; S= susceptible.
bP{/Pi = final nematode density /initial nematode density.

Studies on spatial distribution of nema-
todes at different population densities were
carried out to improve sampling proce-
dures. Results confirmed that the highest
densities were around the root zone, and
at higher population densities smaller
samples are required.

At the testing site of the national potato
program of Venezuela (Merida), 21 clones
with apparent resistance to cyst nematode
(G. rostochiensis) were evaluated. Of
these, 15 clones were selected based on
their agronomic characteristics.
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ROOT-LESION NEMATODE
Nine Peruvian potato cultivars were tested
for their reaction to root-lesion nematode
(Pratylenchus flakkensis) under green-
house conditions. Higher reductions in
tuber weight were recorded for Cuzco and
Revolucién, but the higher reduction of
total biomass occurred in Tomasa Con-
demayta, Amarilla, and Renacimiento. The
most tolerant hosts were Mi Peru, Rosita,
and Huayro.

In a study on the simultaneous attack
of the fungus Verticillium dahlige and root-



lesion nematode on the cultivar Revolu
cién in pots, wilting symptoms appeared
12 days earlier than with the fungus alone.
The percentage of wilted plants was 28%
higher in the simultaneous attack.

POTATO TUBER MOTH

Screening for resistance. Sixty wild
potato species were evaluated in the
greenhouse at Lima for foliar resistance
to larval mining by potato tuber moth
(PTM) Phthorimaea operculella. Five
species, Solanum FEerthaultii, S. demis-
sum, S. fendleri, S. pinnatisectum, and §S.
polyadenium, showed less than 47% fol-
iar damage as compared to that of the sus-
ceptibie check (DTO0-33) with 75%.
Pupation in the five species varied from
17% to 37%, while in the check it was
75%. S. berthaultii has high densities of
trichomes of type A and B. Most of the
materials provided by Cornell University
through a research contract (S. berthaultii
X §. tuberosum) were susceptible to PTM
foliar damage, although clones TV22 and
TV21 had less than 25% pupation.

In breeding .lones for glandular tri-
chomes, 39 out of 326 clones were selected
from intercrosses of selected material, on
the basis of thc presence of glandular tri-
chomes and yield. These selections will
be field-evaluated for PTM resistance at
Lima during summer 1987. A total of 200
families, including 14 new families from
Coumnell, and intercrosses of selected
materials have been planted in San Ramon
and Huancayo to form the basis of low-
land and highland populations.

A total of 369 clones were screened in
tests conducted in San Ramon for PTM
resistance in tubers. Sixteen clones from
cycle P85 were selected and are being
multiplied for confirmation of resistanec.
The percentage of clones rated resistant
in storage trials has risen from 1% in 1983

to 11% in 1986. In Colombia, CIP’s
regional program selected two clones
(Parda Pastusa and 82.3.5) as resistant;
however, they were found susceptible to
PTM populations from Lima and San
Ramon. These results indicate that the
Colombian and the Peruvian PTM geno-
types may be different in their aggres-
siveness. This population behavior is being
investigated further.

Material originally selected for resist-
ance to PTM populations in Peru was tested
in Australia against a Victorian popula-
tion of PTM. Selected resistant clones are
in different stages of inultiplication and
screening against Peruvian PTM popula-
tions.

At CIP, Lima, of 252 clones derived
from wild diploid material, 38 were
selected as new sources of resistance to
tuber damage by PTM. Five clones derived
from OCH6579 OP were rated as resistant
and will be retested in 1987.

Biological control. A granulosis virus
(Fig. 1) infecting PTM larvae was iden-
tified at CIP from colonies reared in stores
in Lima. The infected larvae turn white
and fail to pupate. The Peruvian isolate
was tested in rustic stores at San Ramon,
where high percentages of larvae became
infected (75% to 98%), and the intensity
of tuber damage was low (Fig. 2). Trials
in the field to control foliar infestations
of PTM showed that more than 90% of
the larvae became infested and foliar
damage was also reduced significantly. The
Peruvian isolate of the granulosis virus is
now being tested with other strains col-
lected from Australia, India, and Tunisia.

Control by irapping. In a field study
on pheromone longevity, vials and white
rubber dispensors impregnated with impure
and pure PTM pheromone were tested in
funnel traps for PTM capture for a period
of 12 months in San Ramon. Ne signifi-
cant differences in trap capture were
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Figure 2. Potato tuber moth damage in tubers treated and untreate
Left to right: untreated control, low, medium, and high dose of virus.

o with granulosis virus.,
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observed. Trap capture in all the formu-
lations dropped after four months of field
usc. Light buibs (yellow, blue, red, and
UV black light) were also evaluated in
funnel traps. Highest captures were found
with UV black light. Results of another
trial showed that trap captures could be
increased sig. ificantly by using light traps
(UV and yellow) along with the pure sex
pheromone.

Control in stores. In seed stores in
Egypt, CIP and the national program found
that traps with halogen light bulbs werc
more efficient than pheromone traps for
catching PTM. A combination of both
types of trap (light plus pheromone) in the
stores reduced PTM infestoion and losses
by 50%; but, it is recommended that tu-
bers are examined for PTM damage before
entering the store and that all windows or
ventilation openings are covered with metal
screening to exclude PTM. Tests were also
carried out in stores with phosphine gas
to kill PTM larvae in tuber tunnels. Eight
hours exposure in a sealed container killed
the larvae. but as phosphine may also
stimulate sprouting, this can be a draw-
back when storing seed for several months.
The effect of phosphine on PTM and tuber
sprouting still requires further study.

Population dynamics. Population
monitoring of PTiv was continued by CIP
and the national program for a third year
in Tunisia in five localities by using the
water trap method. Adult male PTM were
trapped throughout the year and the num-
ber of moths increased from 1-10 per week
per trap in February to about 500-1000
moths in July. It was shown that PTM
counts dramatically diminished in arcas
where potatoes were not stored by farm-
ers during the warm season (July-August).
Levels remained high where farmers store
the tubers (seed and consumer) under
ambient conditions. The main damage
caused by PTM in stores occurs in July

and August, rendering the tubers unmar-
ketable. However, if not rotten, the 100%-
attacked seed tubers with a low intensity
of PTM damage (at least one hole) did
not lead to lower yields in the fall season.
This is important information for the
Tunisian seed multiplication scheme and
indicates that low to moderate PTM dam-
age does not necessarily diminish the seed
quality.

Chemical control usually has an adverse
effect on natural encmies of PTM. In
Tunisia, PTM foliar damage was higher
in a once-sprayed crop than in a crop which
had not received insecticide. This was due
to the killing of PTM predators. An aver-
age of 36.6% of eggs were consumed
within 24 hours in a trial conducted in
Tunisia when eggs were exposed to pre-
dation on four different dates.

At the Saida research station (Tunisia),
relationships between plant development,
maturity, harvest date, tuber yield, and
PTM damage were investigated. Tuber
weight losses were lowest for the second
harvest (May) and highest for the last har-
vest date (June). Three different methods
(spraying. dipping. and dusting) of apply-
ing the biological control Bacillus thurin-
giensis for protecting tubers from PTM
damage during storage were compared.
Dusting gave the best performance with
only 6% damage, while spraying was
ineffective with 27% damage.

Chemical control. Thiodicarb (Lar-
vin), methomyl (Lannate). diflubenzuron
(Dimilin), and phenthoate (Cidial) were
evaluated in rustic diffused-light stores
located at San Ramon. Phenthoate dust at
2 kg/t was the most effective in reducing
PTM damage. The fumigant phostoxin at
I tablet/ 100 kg potatoes controlled all the
PTM mining larvae inside the tubers of
the cultivar Revolucién. Sprouting on
treated tubers was not affected by the
phostoxin treatment.
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GREEN PEACH APHID

Control of green peach aphid, Myzus per-
sicae, in nursery beds looated at Lima was
studied in DTO-33 seedlings. Treatments
were aluminum foil (as a repellent), yel-
low sticky traps, and aldicarb applied to
soil as a granular formulation, plus weekly
applications of methamidophos applied as
spray to foliage. None of these treatments
was effective in reducing the aphid pop-
ulation, and the incidence of potato leaf-
roll virus (PLRV) and potato virus Y
(PVY) was high in all treatments (FLRV
varied between 17-45% and PVY between
0-45%).

In collaboration with the Colombian
national program of ICA, a study of all
aphid populations in thrce main potato-
growing areas of Colombia was made. At
the La Selva experimental station, Med-
ellin (2100 m), the mean yield per yellow
water trap was 638 adults/week during five
months. Myzus persicac was the most
prominent species and always present, but
12 other aphid species were recorded. At
the Tibaitata site (2650 m), only 610 adults
were captured during 11 months with mean
weekly fluctuations from 0 to 60 adults/
trap. At the San Jorge site (3150 m), only
210 aphids were trapped in eight months
and the mean weekly range was 0 to 27
winged aphids/trap.

LEAFMINER FLY

A total of 144 clones from the CIP germ-
plasm were field-evaluated at Lima for
damage by leafminer fly, Liriomyza hui-
dobrensis, and 19 clones were sclected as
resistant. This material will be retested in
the winter of 1987.

ANDEAN POTATO WEEVIL

Biological and cultural control. Prelim-
inary trials were carried out in Huancayo
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(Peru) and in Colombia to study the pos-
sible existence of an aggregation phero-
mone for Premnotrypes suturicallus and
P. vorax, respectively. Initial results were
encouraging and more field tests are
underway. The fungus Beauveria bas-
siana was tested on P. suturicallus in the
field at Huancayo. The highest infection
(29%) of adult weevils was obtained by
applying the fungus at the time of hilling-
up. In a separcte study of cultural prac-
tices, the lowest tuber damage by potato
weevil was observed at deeper planting
and a high hilling-up combined with the
usc of pesticides.

SOCIOECONOMIC STUDIES OF

INSECT PESTS

The characteristics, costs, and variability
of potato farmers’ current practices for the
control of key inscct pests were studied
by CIP in collaboration with national pro-
grams in selected regions of Peru and
Tunisia.

Leafminer fly has been a key pest in
the past 30 years in the Cadete Valley of
Peru (coastal arca). Populations build up
during the potato growing season, reach
their peaks in August- September, and then
fall off again as temperatures rise. National
programs have proposed that farmers plant
early enough to avoid the peak, but prices
in the Lima market tend to rise steadily
after a scasonal low in June or July. The
farmers® average expenditure on insecti-
cide for leafminer control was higher than
for any other input, including seed.

The Andean weevil, Premmotrypes spp.,
is the major potato pest in the Mantaro
Valley in the central highlands of Peru.
To measure the effects of standard prac-
tices such as deep planting, high hilling,
timely pesticide application, and timely
harvest on Andean weevil control, exper-
imental plots were laid out in the Mantaro



Valley (3280 m). This research was con-
ducted in coordination with the Peruvian
national potato program and 70 farmers
from the Mantaro Valley area. Climatic
conditions did not favor weevil damage,
which averaged 18% in sample ficlds.
Expenditures on insecticides by the farm-
ers surveyed rarged from zero to more
than US$350/ha. The pest attack was var-
iable over short distances, but tenc=d to
be a problem at intermediate elevations
on farms with intensive management.
Similar socioeconomic experiments are
underway in Tunisia where PTM is the
key pest in stores. A cooperative research
project between CIP and the Tunisia
National Research Program (INRAT) has
developed recommendations for timely
harvest and the proper management of pest
control in stores. The variability of key
management practices was the subject of
a survey carried out in twe major potato-
producing regions in September.

TRAINING

During the year more than 100 scientists
attended courses and workshops, or

received individual training, on nematol-
ogy and integrated pest management
throughout the CIP regions. A major effort
was made in Latin America with an in-
country nematology course in Bolivia and
a regional workshop in Panama to assess
the progress made in nematology research
during the previous two years. The first
integrated pest management course, held
in Colombia, was attended by scientists
from nine South and Central American
countries.

The success of a 1982 nematology
workshop in Peru and a 1984 follow-up
workshop in Panama, in organizing work
plans for nematology research in Latin
America, promoted the initiation of a
similar exercise in Asia. A workshop to
develop a strategy for nematology rescarch
in Asia was held in the Philippines in 1986
and attended by representatives from seven
countries. This event was followed by the
Second International Workshop on Bio-
logical Control sponsored by CIP and the
Philippine Council for Agriculture and
Resources  Research and  Development
(PCARRD).
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THRUST VI

Warm Climate Potato and
Sweet Potato Production

urther studies on nitrogen fertilization strategies at San Ramon, Peru,

have confirmed the lack of response of tuber yield to split nitrogen (N)
applications at all rates tested (0-160 kg/ha) during the dry season. During
the rainy season, however, splitting the N application significantly increased
final tuber yield by 50 g/plant relative to a single application. Intercropping
experiments in Peru are now designed to identify potato clones tolerant to
shade. A number of clones are proving tolerant to reductions of 25% incom-
ing solar energy. Intercropping experiments in the Philippines with potato:maize
in the proportion of 8:1 have been very successful, as has relay cropping in
Egypt. In Bangladesn, potato has been grown successfully with sugarcane
and has led to a gross income double that of other sugarcane intercrops.

Our experiments have highlighted the poor yield potential of replanted
warm-produced tubers, especially those stored in diffused-light stores in warm
climates. Yield decline of replanted tubers over seasons and years was site-
and clone-dependent and could only be offset to a small extent by cold
storage. Alternatives to warm climate, field-produced seed tubers were stud-
ied. Rooted stem cuttings of some clones gave yields similar to those of their
cool-produced seed tubers. TPS transplants also gave comparable yields but
these were characterized by large numbers of small tubers.

A study of practices useful in thz screening of heat-tolerant clones has
illustrated that heat tolerance is probably not related to one specific character,
and that various tests may be necessary to quantify heat tolerance. In contrast,
clonal response for salt tolerance may be simply quantified using in vitro
techniques. Field screening for heat tolerance ceatinues to identify clones
with heat tolerance and certain clones are known to be good parents. Screen-
ing of the pathogen-tested list of clones at San Ramon has also identified
new sources of heat tolerance that outyiclded the early maturing LT and DTO
clones. but which matured two weeks later. Several genotypes appeared more
suitable to hot conditions, when evaluated in the coastal area of Kenya.
Similarly, some of the introduced clones in Senegal showed heat tolerance
even though storage conditions prior to planting affected tuber yield.

Relay cropping of potato with maize in China. Note leaf
removal from maize on right to manipulate shade level
for the potato crop. 109



OBJECTIVES

We continue to search for production
strategies and genotypes that will permit
the farmer in the warm tropics to make
efficient use of the limited resources
available to him. In this context much effort
has been placed on reducing the cost
economies of seed tubers acquired from
cooler regions—a major economic factor
at present. Screening and selection of cul-
tivars well adapted tc warm climates often
requires identification of tolerance to other
stresses in addition to heat. Studies are
now in progress to identify such sources.

AGRONOMIC STUDIES

Nitrogen (N). The role of nitrogen (N)
fertilization in the adaptation of potatoes
to the warm tropics has received little
attention in general. It has been shown
that an increase in plant N delays leaf
senescence in potato and other crops. Lit-
tle work has been done that describes the
effects of plant N levels on N partition-
ing, canopy senescence, and tuber yield
for potatoes grown in the warm tropics.
Differences in N metabolism may partly
explain differences in canopy senescence
and tuber yield observed between culti-
vars when grown in the tropics. Under-
standing relationships between plant N and
tuber yield may provide an important tool
for breeders in selecting for heat tolerance
in potatoes.

Previous studies during the dry season
at San Ramon have demonstrated little
benefit in splitting N applications (160
kg/ha'). Results are now available on the
influence of splitting N into two equal
applications, at four N rates (60, 120, 180,
and 240 kg/ha) as urea, during wet and
dry season crops planted with the cultivar
Desirée. During the wet seasor at San
Ramon there was a significant response in
tuber yield with increasing N fertilizer at
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Figure 1. Tuber yield as a function of nitrogen
{N}) fertitizer rate for (A) early harvest, and (B)
the influence of split N applications (-e-) com-
pared to single applications {-o-) on late har-
vest at San Ramon (wet ¢ -ason).



early and final harvests (Fig. 1). No dif-
ferences in yield were observed between
single and split applications for the early
harvest. Splitting the N application, how-
ever, significantly increased final tuber
yield over single applications.

In the dry scason crop, there was again
a response to increasing levels of N fer-
tilizer (Fig. 2); however, there was no yield
response to the split N application. Because
of the lack of heavy rainfall during the
dry season, it is likely that little leaching
of N occurred. This may explain why the
plants did not respond to the split N appli-
cation.

Results from the dry season also sug-
gested that tuber yields at the higher N
fertilizer rates tended to be lower early in
the season when compared to the lower
N fertilizer rates. When 60 kg N/ha was
applied in cither the split or single appli-
cation, maximum tuber yield occurred
about 73 days after planting and yield
subsequently decreased to final harvest,
82 days after planting. The yields of all
other treatments that received N increased
to the final harvest. The results suggested
that plants matured earlier at the lower N
rates and that optimal harvest dates may
be carlier ror low N treatments. The N
content and dry weights of tubers, roots.
stems and leaf canopy levels (high, mid-
dle and low) are being analyzed to deter-
mine whether differences existed in N and
dry matter partitioning patterns in Desirée
when grown at increasing levels of N fer-
tilizer.

Water. In warm vopical areas the potato
is often grown during the winter when
rainfall is scarce and solar energy is high.
These conditions induce water stress
response in the potato plant. Previous
results (Ann. Rep. 1985) have demon-
strated the usefulness of the line-source
irrigation  system in identifying clonal
1esponsc to varying levels of applied water,
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Figure 2. Tuber yield at final harvest as a func-
tion of nitrogen (N) fertilizer rate, San Ramon
{(dry season}).

in which drought stress is enhanced as the
season progresses. This system is pres-
ently being used to quantify clonal response
of a range of clones to drought, and to
determine whether physiological indices
might assist in circumventing the large
amount of time and space necessary for
such field experiments.

Intercropping. Work on the intercrop-
ping of maize and potato in Peru has been
restricted to two topics: 1) to refine some
technical points of a potato:maize relav
cropping system in which maize is planted
into the potato crop to effect cooling
through shading later in the potato scason;
and 2) to screen genotypes for their ability
to yield well when planted simultancously
with maize at a proportion of 9:1 (see Ann.
Rep. 1985, pg. 87). The latter was done
in separate experiments at San Ramon (dry
season) and Lima (summer). At San
Ramon, of the 45 clones tested, seven
(including DTO-33 and Katahdin) yielded

I



more than 1000 g/m? when mix-cropped
with maize, although tuber yiclds were
often less in the mixed crop. Yield of maize
in the mixed crop was 30% of the sole
crop (186 vs. 623 g/m* + 23 g), and only
for three clones did the land equivalest
ratio (LER) of their mixtures with maize
exceed unity. At Lima, of 20 clones and
first generation true potato seed (TPS) tuber
populations, the LERs exceeded unity in
seven. Potato yields in sole plots ranged
from 479 to 2226 g/m?, while in mixed
plots, yields ranged from 226 to 1329
g/m?. Maize in mixtures yielded 2% to
49% of the control yield of 335 g/m?. The
reduction of potato yield at both sites when
mixed with maize was due to the use of
a more vigorous and longer seasor maize
population than was used in previous
experiments. Light intereption of the
maize in Lima by 60 days after planting
had aiready exceeded 30% and continued
to increase to well above the 20% reduc-
tion recommended previously (Ann. Rep.
1980, 1985). Intercropping did not improve
the performar ce of clones poorly adapted
to warm conditions, but certain clones
(e.g., LT-2, LT-5, and LT-7) showed less
yield reduction than the mean for all clones
and these deserve further attention in
intercropping studies.

In the Philippines potato is being inter-
cropped with sweet corn as a means of
improving potato growth in hot condi-
tions. The canopy size of potato was
reduced when 30,000 to 40,000 plants/ha
of sweet corn were interplanted with
50,000 plants/ha of potato. An optimum
ratio for economic returns was achieved
with potatoes and sweet corn in a ratio of
8:1, respectively. The same conclusions
came from experiments in San Ramon.
When 45,000 potatoes and 7000 sweet
corn/ha were planted simultaneously in
tropical climates, both crops were har-
vested in 70 to 80 days. More work will
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be carried out on clonal response to this
intercropping practice.

The technical and economic feasibility
of planting potato and sugarcane simul-
taneously is being studied in Bangladesh
in a research contract involving collabo-
ration between CIP, the Bangladesh Agri-
cultural Research Institute, and the Sugar
Can~ Training and Research Institute at
Ishurdi. In comparisons between potato
and other potential intercrops (e.g., wheat,
mustard, or lentils), the potato:sugarcane
combination gave almost double the gross
mcome of the other combinations with
sugarcane (Table 1). With the other crops,
sugarcane yield was reduced by interspe-
cific competition. The nractice of fertil-
izing potato and sugarcane separately
enhanced the yields of both creps and has
been verified in on-farm trials. Since both
crops are gencrally planted under rainfall
conditions, the planting of well-sprouted
tubers at a depth of 10-12 cm, plus cov-
ering the soil with mulch, are practices
that reduce the variability of yields due to

Table 1. Economics of intercropping with
sugarcane in different crop combinations un-
der farmer conditions in Bangladesh (1983-84),

Yield of Yield Total sale
intercrop of cane  proceed
Treatment {t/ha)  (t/ha) US$/had:d
Sugarcane +
potato 5.99 36.02 1541
Sugarcane +
lentil 0.60 30.82 925
Sugarcane +
mustard 0.64 28.10 977
Sugarcane +
wheat 1.13 27.73 91
Sugarcane alone
{pure stand) - 35.59 890

9Price of intercrop (US$/t): potato 107/t; lenil
257/t; mustard 429/t; wheat 193/t; cane 25/t.
bCalculated at exchange rate of JS$1.00 = 25
taka (Bangladesh},



Chinese scientists inspect potate planted late in the hot summer un-
der the shade of maize, the stalks were su bsequently removed when
the potato was established. This practice is being introduced for the

summer planting in Egypt.

infrequent or no rain during the growing
seasor.

In Lgypt, potatoes are usually planted
after mid-September when summer tem-
peratures are decreasing. There is interest
in carlier planting since carly polatces bring
higher prices. At Kafr El Zayat, five cul-

tivars were planted on two dates, August
20 @nd September 19, to test the feasibil-
ity of carlier planting Plant establishment
and stem number were reduced for the
carly planting with the exception of the
varicty Claudia. Yields obtained from the
August planting ranged from 14 10 22
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vha, comparzd with yields from the Sep-
tember planting of 19 to 34 tha. To reduce
soil temperature at early planting of potato,
a shade experiment was run in which maize
was planted five weeks before potato, on
the south exposed side of each ridge. Soil
temperature at tuber planting depth was
10° C lower when shaded by maize than
if planted without shade. Potato was
planted on the north side of each ridge at
the end of July and the end of August. In
the July planting, tuber yields when potato
was mixed with maize were significantly
greater than sole potato yields (20.2 vs.
[3.4 vha); in addition, maize yielded 5.2
t/ha. For the August planting, tuber yields
were similar with or without maize (23
vs. 24 t/ha) and maize yielded 4.6 t/ha of
grain. Even with the lower yields of the
earlier planting, there is still considerable
interest by farmers due to the higher price
paid for tubers from the earlier harvesis.

Two experiments were carried out in
Brazil in collaboration with the National
Center of Horticultural Research (CNPH-
EMBRAPA) to test the feasibility of
intercropping sugarcane with potato dur-
ing the first three months after planting
both crops simultaneously. In Experiment
1, five potato cultivars were planted on
beds, 40 cm high and | m wide, between
furrows planted with sugarcane (1.5 m
wide). Yields ranged from 10.1 tha for
the variety Achat to 22.6 t'ha for the vari-
cty Baronesa, both locally bred varieties.
Bintje, the commonly grown commercial
variety, yielded 19.7 vha. In Experiment
2, the variety Achat was planted in single
(2.22 plants/m®) and double (4.44
plants/m?) rows between furrows of the
sugarcane crop. Yields of 12.2 and 22.1
vha for the single- and double-row
arrangements reflected the differences in
niant population. The double-row
arrangewment reduced the percentage of
marketable tubers, but total marketable
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yield for this arrangement was still con-
siderably greater (19.2 t/ha) than for the
single-row arrangement (11.3 tha).

SOIL MANAGEMENT

In collaboration with the Soils Depart-
ment of the National Agrarian University
in Lima, work, in relation to potato pro-
duction, continues on problematical soils,
particularly those with acid or saline fea-
tures. In a pot experiment (Table 2) planted
with tubers of the cultivar [-931, in which
rates of lime and inorganic fertilizers were
varied, lime improved tuber yield but with
decreasing returns at the higher fertilizer
rates. Two meq of lime per 100 g soil
was the optimum liming rate with Al* * *
saturation of the CEC equal to 41.4%.
The use of Peruvian rock phosphate for
potato production on alkaline as well as
acid soils is a feasible practice. Various
particle sizes of rock phosphate were
compared to the use of simple superphos-
phate on an acid soil. Tuber yield with
rock phosphate particle size less than
0.1 mm was close to that of simple super-
phosphate. Rock phosphate (1 t/ha) has
also been used effectively in the high-
lands of Peru in combination with 0.25
t/ha of KCI as a basal fertilizer on a cal-

Table 2. Tuber fresh weight per pot as in-
fluenced by the liming and the application
of fertilizer to an acid s0il% frcm the jungle
{Pucallpa, Peru).

Lime (mey/100 g soil)

N'PzOs'KzO {ppm) 0 2 4

0-0-0 26 72 84
80-80-80 47 81 116
160-160-160 73 134 139
240-240-240 125 182 175

%3S0il pH =4.3; 2.9 ppm P; 100 ppm K; CEC =
5.42 meq/100 g soil.



careous soil with pH 7.4. The yield with
the vasai fertilizer, averaged over four
N-P-K rates, was 17.9 tha and 11.8 t/ha
without it,

In the coastal and desert areas of Peru
and in other countries where potato is an
irigated crop, saline irrigation sources and
soils often exist. In a pot test for salt tol-
erance, the cultivar Revolucién was more
tolerant to high salinity (6.16 mmhos/cm)
than two other varieties, Ticahuasi and
Mariva. In vitro screening of potato clones
for salt tolerance is in progress and may
replace the pot studies, since economies
in time and space can be made with the
in vitre procedure.

PRODUCTION STRATEGIES

Sequential potato production. At San
Ramon, on-farm research permits the
identification of constraints associated with
a year-round supply of consumable tubers
for a family of six. The system is designed
to have no reliance on seed tubers. Of the
tubers harvested froin beds of Atzimba x
R128.6 TPS secdlings by five farmers
(Ann. Rep. 1985), tubers smaller than
28 mm were stored and served as planting
material for plots ranging from 13 to
150 m?. Although marketable yield as a
proportion of total yield was low (also
found when first generation seedling tu-
bers were planted to nursery beds), high
total yields offset this and resulted in yields
similar to those of control plots, which
contained regular seed-sized tubers of the
caltivar Desirée, recently introduced from
Huancayo. In this manner, not only is the
farmer self-sufficient in potato produc-
tion, but he can also produce a smail
quantity for the local market. A full-scale
sequential system for family consumption
and marketing is now underway based on
either TPS of Atzimba x R128.6 or cut-
tings of the cultivar Atzimba.

Sources of seed tubers. The replanting
of tubers produced and stored in warm
climates has been continued for four gen-
erations at San Ramon and Lima to deter-
mine the physiological decline in yield
potential. The experiment involved two
sites (Lima and San Ramon), six clones,
and three production cycles: 1) continu-
ous plant/store/plant cycle with three
months of DLS storage; 2) annual pro-
duction cycle with nine months of DLS
storage; 3) annual production cycle with
nine months of cold storage. Yield decline
was site- and clone-dependent and was
greater at San Ramon, most notably for
the clones B-71-240.2 and 278072.10 in
continuous production cycles. The tuber
yield from cold-stored (4°-6° C) tubcrs
produced in the summer at Lima was
superior (45-65%) to that from diffused-
light storage (DLS); whereas with tubers
produced in the winter at Lima, the dif-
ference in productivity of cold- and DLS-
stored tubers (up to 25%) was much less.
At San Ramon the relative benefit of cold
versus DLS storage depended on the sea-
son in which tubers were stored. Yields
from tubers harvested during the dry sea-
son were greater when tubers were cold-
stored; whereas yields from tubers
harvested during the rainy season were
clone-dependent; yields were greater from
tubers stored in DLS for Desirée and
LT-1, and greater for tubers cold-stored
for DTO-33 and B-71-240.2.

The experiment was also designed to
provide comparative information on the
selection of clones for productivity when
selection was based op newly introduced,
good quality seed tubers, compared to
selection based on performance of clones
that had been grown previously in warm
climates. Selection for the highest yield-
ing clone, based on newly introduced, good
quality seed tubers for each season at San
Ramon, would have identified B-71-240.2.
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Based on material continuously replanted,
DTO-33, by the thixd and fourth seasons,
was the highest yielding clone and B-71-
240.2 the lowest. The same ranking of
these two clones was evident in the har-
vest of replanted tubers produced in the
rainy season and stored in DLS for eight
months. At Lima, based on the planting
of good quality seed tubers, Desirée, CGN-
69.1 and B-71-240.2 would have been
selected as the highest yielding clones in
the four seasons. By the third and fourth
continucas seasons in Lima, B-71-240.2
was close to the poorest yielding clone.
Undzr the annual production cycle, in all
season-by-storage combinations at Lima,
B-71-240.2 was the highest yiclding clone.

The results therefore indicate the fol-
lowing: 1) that the yield of warm-pro-
duced and warm-stored tubers was much
less than that of highland, cool-produced,
good quality tubers, 2) the yield decline
was clone- and site-dependent; 3) cold
storage could, to some extent, reduce the
yield decline, and 4) the relative yield
performance of clones based on newly
introduced seed tubers from a cool cli-
mate may not bear a close relationship to
yield performance following continuous
production, or annual production spanned
by a long DLS period. Data from one more
season must be obtained before a full dis-
cussion of the physiological response of
the clones to continuous or annual
replanting is possible.

Comparisons between alternatives to
the use of good quality seed tubers. In
response to the poor yield potential of
locally producea - *d tubers in warm cli-
mates, and given th. unavailability or high
cos: of good quality seed tubers, the fol-
lowing three types of planting materials,
which could be produced locally, were
compared in a series of experiments in
Lima and San Ramon: 1) field-multiplied
seed tubers, 2) seed tubers produced in
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beds either from TPS or from cuttings,
and 3) TPS transplants or rooted cuttings
for direct production of consumer pota-
toes.

In Lima during the summer the follow-
ing types of planting matcrials were com-
pared: rooted stem cuttings and cool-
produced seed tubers of LT-5 and Rosita,
and TPS transplants of both Atzimba x
R128.6 and Atzimba x DTO-28. Spacing
was 30 x 70 cm for seed tubers ar.d 20 x
70 cm for transplants and cuttings, with
one cutting or two TPS transplants per
hill. Plant stand was best for seed tubers,
intermediate for cuttings, and lowest for
TPS transplants, indicating a better sur-
vival rate for cuttings than for TPS trans-
plants, even though only one cutting versus
two seedlings were transplanted per hill
(Table 3). Early canopy development was
fastest for sced tubers, intermediate for
cuttings, and slowest for seedlings. The
samr. ranking was observed when the cffi-
ciency of crop cover was measured over
0-65 days.

Cuttings had significantly fewer stolons
and tubers throughout the growing season
than sced tubers or TPS transplants. Rooted
cuttings of Rosita gave a tuber yield equal
to that of the cool-produced seed tuber
treatment (Table 3); whercus the yield of
rooted cuttings of LT-5 was 27% less than
yield of LT-5 cool-produced seed. Cut-
tings produced few tubers per m? but sub-
sequently had a high portion of large-sized
tubers. The TPS progeny Atzimba x DTO-
28 produced 20 t/ha, but wber size dis-
tribution of a crop from TPS transplants
would be unfavorable for consumer potato
production.

In a field trial during the San Ramon
dry season, the following planting mate-
rials were compared: sced tubers, tubers
from cuttings of three clones, seedling
tubers, and TPS transpiants of two proge-
nies. All tuber planting material was



Table 3. Field performance of three types of planting materials grown under Lima summer con-
ditions.

Plant Tuber Proportion of
stand? Yield number large tubers
Treatment (%) (t/ha) {no./m?2) (<3.5cm) %
Cool-produced seed tubers
Rosita 96.7 19.7 b* 63b 69
LT-56 99,5 246a 65b 81
TPS transplants
Atzimba x R128.6 70.5 140c 75b 50
Atzimba x DTO-28 89.6 200b 139a 36
Rooted cuttings
Rosita 89.3 19.5b 38¢c 81
LT-6 93.1 17.9b 35¢ 89

% Observed at 18 days after planting o transplanting.
*Numbers in each column followed oy different letters are significantly different at the 59 level.

Table 4. Effect of type and origin of planting materials on yield® under dry season conditions at
San Ramon.

Tuber no./ Yield Warm yield 100%

Type of planting material Origin hill (g/hill) cool yield
Seed tubers Cool 7.1 512¢%**

Warm 5.4 287 56
Tubers from cuttings Cool 6.7*** 424***

Warm 4.5 300 7M1
Seedling tubers Cool 86*** 501***

Warm 5.9 354 71
TPS transplants Warm 156.5 419

%Data for seed tubers and tubers from cuttings are the means of three clones, and for seedling
tubers and TPS transplants are the means of twe progenies.

**, ***Significance between origins 1% and 0.190, respectively.

derived from both a cool (Huancayo) and  gin seed tubers, tubers from cuttings, and
warm (Lima, summer) harvest. Regard- seedling tubers were small despite differ-
less of the propagation system, tubers ences in seed size between these three types
produced in a cool environment exhibited of tuber materials (seed tubers 60 g; tu-
greater yields and tuber numbers than tu-  bers from cuttings and seedling tubers 20-
bers from a warm environment (Table 4). 40 8). The origin effect on tuber yield was
The differences in yields from warm-ori- less drastic for tubers from cuttings or for
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seedling tubers than for field-grown sced
tubers. TPS transplants yielded well and
proved to be an important alternative to
overcome the negative effecis of seed ori-
gin.

Seedling tubers and tubers froin cut-
tings were produced in cool (Huancayo)
and warm (Lima. summer, and San
Ramon) environments. In terms of yield
and multiplication rates, the following were
found: 1) Yields of seedling tubers and
tubers from cuttings (mean of 2 progenies
or 3 clones, respectively) were similar
within each production site. but were three
times higher in Huancayo than under the
warm conditions of Lima or San Ramon.
2) Tuber numbers from TPS were twice
as high in the cool environment compared
to the warm environment (about 720/m’
vs. 400/m?). Regardless of production site,
tuber numbers from cuttings were gener-
ally low (150-250 tubers/m?®). Subse-
quently, the proportion of medium- and
large-sized tubers was greater from cut-
tings than from TPS.

Unless tuber numbers can be increased,
production from cuttings would be less
appropriate for seed production and per-
haps more useful for direct consumer pro-
duction because of the greater proportion
of large-sized tubers. In contrast, the large
number of small-sized tubers produced by
TPS would make production more useful
for seed than for direct consumption.

In Vietnam, in the area near Ho Chi
Miunh City, rescarch by the national pro-
gram has shifted from seed tubers to the
use of cuttings and n vitro plantlets for
the production of small tubers for ficld
planting. These are being grown from
November to May in sequential plantings,
and the harvested tubers are stored for the
commercial crop planted in November. The
cultivar B-71-240.2 appears to be partic-
ularly well-adapted as it tuberized cven
with high temperatures in May (day tem-
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peratures 30°-32° C; daylength 12.5 h).

In response to the high proportion of
production costs for the potato in warm
climates being attributed to high seed costs,
CIP carried out a series of experiments to
reduce seed costs. These experiments were
run from November 1985 to March 1986
in the lowland tropics at Canlubang, Phil-
ippines (14°N, 150 m). Increasing the seed
rate from | to 3 tha influenced growth
due to increase in stem number and faster
canopy cover. However, the rate of return
(harvest weight per sced weight) was
reduced from 16.2 to 7.5 as the seed rate
increased. At seed rates of 1.5 to 2.5
tha, there was no significant difference
in yield. The rate of return on small-sized
tubers (13 g) was much greater (24 v/t of
seed) than when larger-sized tubers were
planted. This indicates the possibility of
using very small seed such as TPS tubers
or perhaps cut tubers. On this basis,
experiments were made to test the effect
of cutting seed as a means of increasing
the multiplication rate. The treatments
consisted of physiologically young tubers
cut in halves or quarters and cured for five
days with or without disinfectant and fun-

‘cide. Yields of cut seed were similar to
those of whole seed (20-22 t/ha) at equal
plant populationr Cutting and dipping
tubers in chlor~. . ‘or to planting was
detriment . pl. - survic * and therefore
yields we- cducodto I« “'ha.

These results indicate ti... carmers who
are prepared to give the care that cutting
requires could reduce their seed rate to
600 to 700 kg/ha and halve their seed costs.
The use of small tubers and cuttings as
means of reducing costs associated with
planting materials is another alternative
currently being studied in lowland envi-
ronments.

The use of cuttings in Southeast Asia
is well established in rapid multiplication
programs at research stations or in sced



programs. The development of cuttings as
a technique to be used by farmers is
receiving increasing interest and efforts.

In field trials carried out by CIP under
lowland conditions in the Philippines,
cuttings appeared (o be a very promising
planting material. Field performance of
transplanted cuttings was superior to field-
grown seed tubers produced under low-
land conditions. The yields of TPS trans-
plants for some of the 42 progenies tested
at the Canlubang lowland-station (Phil-
ippines) were also quite promising; how-
ever, yields consisted mainly of small
tubers. Suitable progenies for withstand-
ing transplanting shock still need to be
identified.

Successful techniques for Southeast
Asian farmers to produce and use cuttings
as planting material would be strongly
dependent on location and circumstances.
The lack of rustic, well-adapted geno-
types appears to be a major limitation to
production. Research carried out under
tropical mid-elevation conditions at CIP's
Sta. Lucia station (800 m) in the Philip-
pines showed that yiclds from cuttings of
30 clones transplanted to the field at four
different dates were variable, depending
on temperature and daylength conditions.
Cuttings transplanted in November-
December yielded poorly due to early
tuberization: whereas later transplantings
gave better yields with an average of
12 tha (range 2.1-26 t/ha). Genotype by
transplanting date interactions were
apparent. Germplasm was also evaluated
for seedling tuber production from cut-
tings in nursery beds. Apical shoot cut-
tings were used from mother plants
established from in vitro plants in high
density beds (400 plants/m*). Out of 40
clones, 15 were found to be adapted for
seedling tuber production, giving yields
of up to 3.8 kg/m? and 165 tubers/m? (at
30-40 plants/m?).

Results showed that the selection of
suitable genotypes for the production of
cuttings for field transplanting needs major
emphasis. This is actually being done in
many germplasin evaluation schemes in
Southeast Asian countries.

On-farm CIP-SAPPRAD trials in the
Philippines on the production of cuttings
and subsequent transplanting indicated that
improper mother plant management can
be a constraint to farmer adoption of this
technology. At the research station level,
however, the problem ot rapidly aging
mother plants has been solved. Mother
plants were maintained in a physiologi-
cally ; oung vegetative stage for periods
of sizz to nine months when photoperiods
were artificially extended to 16-17 hours.

SCREENING AND SELECTION FOR
HEAT AND OTHER TOLERANCES

The correct choice of a potato variety for
use within cropping systems in the warm
tropics is an important consideration and
mention has already been made of the dif-
ficulties involved when tubers have to be
stored and reused.

Our work in Peru has taken three dif-
ferent upproaches: 1) laboratory screening
for components of heat and other toler-
ances, 2) the population breeding approach
in selection for heat tolerances, and 3) the
screening of various sources of germ-
plasm under field conditions.

Laboratory screening. This approach
has been initiated to identify simple char-
acters that are related to heat tolerance.
Simple vegetative characters such as
height, number, and length of internodes
and leaf number were not useful in dis-
criminating between heat-tolerant and non-
heat-tolerant clones under high tempera-
ture conditions in growth chambers. Under
cooler conditions, however, all the heat-
tolerant clones were distinct in having
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fewer internodes and bigger leaves. They
were also shorter than the non-heat-tol-
erant clones. These features alone were
not satisfactory for the identification of
heat-tolerant clones. Cell membrane in-
tegrity, as measured by conductivity tests
following diumal periods of leaf exposure
to 35%22° C day/night regime, was not
well related to known heat tolerances (the
latter being based on tuber yicld in the
field). This result was in contrast to results
from a different set of clones from the
previous year. This may not be surprising
as the term ‘‘heat tolerant™ represents a
combination of favorable characters, all
(except for tuberization response) at a low
level of expression and therefore not nec-
essarily closely related to a specific char-
acteristic. Another type of test involving
seedling survival at high (50° C) temper-
atures for five or ten minutes has provided
some promising results when the surviv-
ing seedlings were transplanted to the field
in San Ramon. Yields of survivors were
much greater than those of the nontreated
plants. However, the definitive test with
a planting of the resulting tubers still
remains to be done,

In vitro tuberization should be more
closely related to known heat tolerances
but results have been inconclusive. Of the
five clones tested under high-temperature

dark conditions, three (DTO-33, Atzimba,
and BR63.65), including one heat-toler-
ant clone, were not induced to tuberize:
one (Des’ ¢e) was delayed and yiclded
much fewer tubers; and one (LT-2) exhib-
ited lower tuber yield under high temper-
ature, although the rate of tuber initiation
was not affected. Another experiment was
set up to explore the possibility of iden-
tifying heat-tolerant clones on the basis of
fast rates of callus growth of undifferen-
tiated cells on culture medium. Clone
LT-7 was outstanding in this character
(Table 5), and work continues on evalu-
ating the methodology.

Tolerance to salt, whether in irrigation
water or the soil, is of increasing impor-
tance in certain warm  potato-growing
areas, particularly in desert climates. Ini-
tially, studies have focused on assessment
of TPS and secdling responses to increas-
ing NaCl levels, and on in vitro methods
for evaluating clonal response. The fol-
lowing are the salient results: 1) 6000 ppm
of NaCl was the optimal concentration to
cftect notable reductions in percent ger-
mination and root length (7 days after
planting), 2) the progenies India 931 x
Katahdin and Atzimba x R128.6 were most
tolerant to high NaCl with respect to per-
cent germiration and root length, and 3)
growth response of in vitro cultured cut-

Table 5. Effect of high temperature on relative increase in fresh weight of callus in the dark after

25 days.

Control? Treatment? Damage®
Cultivar (% increment) (% increment) coefficient
LT-7 128.1 +8.5 1473 +1138 —-15
Atzimba 533.6 +53.6 350.0 + 56.4 34
DTO-2 181.3 +34.7 109.1 +19.3 40
DTO-33 173.0 + 46.3 100.8 + 36.4 42

9 Temperature = 180 C continuous.
bTemperature = 309/220 C day /night.
€Damage coefficient = (1 -b/a) x 100.
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tings under high (9000 ppm) NaCl con-
centrations was reduced in all clones tested.
Two of the cight clones (BR69.84 and
Desirée) showed a greater shoot produc-
tion and less damage for other traits quan-
tified, and DTO-33 and P-3 were
intermediate in response. The trait most
affected in all clones was the fresh root
weight. Water content in the two most
tolerant clones was greater than that of
the other clones, suggesting that they might
adjust their internal osmotic status in the
presence of high salt concentrations.
Population breeding. Yurimaguas and
San Ramon continue 1o be the sites in
which preliminary selection for adapta-
tion to heat and associated stresses in the
field is made. During the rainy season at
Yurimaguas (Dec.-Feb.), several third
generation clones (C84.126, C84.129,
C84.299) were selected in the presence of
excess rainfall; however, during the dry
season the rate of selection increased to
1% in third and fourth generation clones.
The constanmt presence of the clones
LT-7, 378015.16, and bulked pollen of
the family 378915 was evident in the
pedigrees of clones seiected at Yurinu-
guas. At San Ramon, during the 1986 dry
scason (June-August), the same set of
clones was tested as in Yurimaguas, and
clones C84.617 and C84.550 were out-
standing at both sites. Two clones,
C84.617 and C84.652, are in the process
of multiplicution for larger scale testing
and probable release to the CIP sced pro-
gram for cleanup und distribution. A new
clone, 379706.34, with heat tolerance,
carliness, and immunity to potato viruses
X and Y has been introduced to the seed
program under the code name LT-9,
Germplasm scireening under field
conditions. Over the past two years,
screening of ctones listed on CIP's path-
ogen-tested list has been done during the
dry seasons at San Ramon. Their yicld

performance his been compared against
that of some standard control clones
(LT-5, DTO-28, DTO-33, and Desirée).
Although no clones exceeded yields (1200-
1430 g/m?) of the best control 80 days
after planting, some clones harvested 12
days later exceeded the control yields (e.g.,
B-71-240.2, CEW-69-1, Saturma, AGG-
69-1, Atlantic, and Pirola yielded 1470-
2140 g/m?). Other clones that matured
beyoud 100 days after planting also out-
yielded the control clones, but were con-
sidered too late for existing cropping
systemns in warm climates. There was a
general trend for early maturing clones to
convert intercepted radiation more effi-
ciently to tuber dry matter than later clones.
This was probably due to their more effi-
cient partitioning of dry matter to tubers.

Evaluations of germplasm were made
at three sites representing the warm coastal
climate of Kenya where crops are rainfed
but where rainfall can be very ematic.
Clones 378017.2 (LT-7). 720109 (Santo
Amor), and 800938 (AVRD(C-1287.19).
and cultivars Desirée and Atlantic were
the most promising. For closer supervi-
sion of this work, all future screening will
be carried out at the warm-climate Shimba
Hills station (400 m) where there is poten-
tial for supplementary irrigation.

In Sencgal, previously selected clones
and newer materials from CIP were grown
at the Center for Horticultural Develop-
ment (CDH) for evaluation of heat toler-
ance. Clones grown in 1985 were stored
in either DLS or cool storage and their
subsequent performance was compared
with that of standard cultivars such as
Desirée. The planting date was early
October 1985 when summer day temper-
aturcs reached 35° C. Comparisons were
made on 40-hill plots with no replica-
tions. The overriding factor affecting yields
was the seed tuber storage method, since
the yield per plant from cold-stored sced
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was nearly double the yield from seed
stored in DLS. No clones exceeded Desi-
rée in yield performance. Among the newly
introduced clones from CIP (planted in
mid-October), LT-7 and 1-1124 gave
excellent yields of over 500 g/plant, and
several others also outperformed the
standard varieties.

Potato planting in the Dhaka area of
Bangladesh is concentrated at the begin-
ning of the short winter season from late
November to mid-December. The com-
bination of mulch at planting to reduce
high soil temperatures and the correct
choice of heat-tolerant clones has permit-
ted a six-weck catlier-than-usual planting
in this arca. For clones planted in carly
October and harvested 635 days later, the
maximum yields were above 18 vha for
three clones (DTO-33, AVRDC 1282-17,
and 1282-19) with mulch, but without
mulch, yields did not exceed 15 vha. In
addition to the benetit of a high price for
consumer potatoes at harvest, the farmer
can then plant vacated land to wheat or
maize. Thus, when carly plantings are
possible, two crops may be grown during
the winter months, when traditionally only
one of the two crops could be grown. To
extend the harvest beyond the traditional
period of mid-February to mid-March, a
late planting was made in mid-December
with genciypes and mulch treatment sim-
ilar to those of the experiments on carly
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planting. Mulck did not improve yiclds
(plots were irrigated); however, yields of
various clones cxceeded 25 vha without
the cracking observed in the cultivar Car-
dinal in the same e:xpariment.

TRAINING

Much of the success in the introduction
of potato to warm climates has been due
to the effort placed on training of com-
petent national scientists. In March 1986,
a high level training course held in the
Philippines, sponsored by CIP, PCARRD
and the Southeast Asian country network
SAPPRAD, gave specialized training in
production techniques for potato in warm
climates, with emphasis on intercropping
practices and sources of alternative plant-
ing materials. The coordination of the
transter of lowland tropical agronomy to
farmers in Southeast Asia is through the
SAPPRAD network. For example, in
Indonesia, SAPPRAD is training farmers
by means of on-farm trials, which include
the best cultivars, use of mulch, irriga-
tion, and fertility levels. In the Pacific
Islands, a CIP regional potato production
course held in New Caledonia has had
encouraging results in a number of coun-
trics including Fiji and Vanuatu, where
several farmers were able to store their
own seed and plant it off-season to benefit
from higher market prices at harvest.
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THRUST VIl

Cool Climate Potato and
Sweet Potato Production

F urther emphasis was placed on developing the breeding population with
genetic tolerance to frost for the non-Andean region. In Peru, carly maturing
clones immune to potato viruses X and Y were crossed to selected frost-
tolerant clones and provided segregating progenies that were screened initially
for frost tolerance. Testing the frost-resistant population for adaptability to
long days was continued in Chile in the greenhouse and field in collaboration
with the National Agricultural Research Institute (INIA). Further testing of
selected clones from the highland tropical population, introduced earlier to
Chile, has shown higher yields than those of local cultivars. Collaborative
work with the Colombian Agricultural Institute (ICA) has reported several
clones in the iinal stages of testing for frost tolerance.

The scarch for clones efficient in their use of nitrogen (N) indicated a
variety of responses. There was a general tendency in most of the clones that
yiclded well under low levels of N not to increase their yields after an addi-
tional supply of N. Pot experiments in the greenhouse to identify clones
efficient in N uptake did not give results similar to those of ficld experiments.

Harvest of clones being tested for frost tolerance
at 3800 meters (Usibamba, Peru). 125



BREEDING FOR FROST TOLERANCE
Seedling and clonal testing. In Peru, fur-
ther emphasis was given to the develop-
ment of the population for the tropical and
subtropical non-Andean region. This pop-
ulation should combine frost tolerance with
carliness and compete with ruberosum
cultivars widely grown as local varieties
throughout this area of the world. Addi-
tional traits that are also bcing introduced
are immunity to potato viruses X and Y
(PVX, PVY).

During 1986, a sample of 36,000 sced-
lings, grouped into 200 families from
crosses between advanced sources of frost
tolerance and selected early nmaturing
clones immune to PVY and PVX, was
screened in a walk-in growth chamber at
—4° C for two hours with a survival rate
of 30.6% (Fig. 1). One week after expo-
sure to frost shock in the growth chamber,
the surviving scedlings (11,154) were
transplanted to the field in Huancayo. At

harvest, single-hill selections were car-
ried out for qualitative traits such as tuber
shape, number, color, and uniformity. A
total of 981 clones were selected and await
further testing for frost tolerance under
field conditions at Usibamba (3800 m).
Advanced clones from the Andean and
non-Andean breeding populations were
tested for frost tolerance and yield poten-
tial in nonreplicated and replicated trials
in Usibamba and Huancayo. The inci-
dence of frost was not severe enough to
affect the clonal material; therefore agro-
nomic selection was the primarv activity.
In Usibamba, 358 clones were selected
from ten-hill observation plots and 470
were selected in Huancayo. In collabo-
ration with the Peruvian national potato
prograni of INIPA, duplicate samples were
sent to INIPA's experiment station in Puno
(3850 m, southern Peru) for frost testing
and sclection in the field; however, all
samples were lost in a flood that struck

Figure 1. Seven-week-old seedlings screened for frost tolerance in a growth chamber (—4°C),
Left: CIP hybrid progenies showing frost talerance. Right: progeny of the local variety

Renacimiento.
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over 70% of the farmland in the province.

Two randomized complete block designs
(RCB) and two Iattices of 10 x 10 were
used to test clones of different stages of
selection in both Usibamba and Huan-

cayo. Results from the RCBs indicated
yields up to 2.2 kg/plant with a plant den-
sity of 37,037 plants/ha in Usibamba; and
1.8 kg/plant, and 44,444 plants/ha in

Yield/plant (kg)
2.50l

2.ooL '
150
1.00} §

0.50-

o LI N R B A

UFF14.4 | HFF20.1 375596.6 HFF14.4 Yungay

375070.53 UFF4.1 UFF12.2 HFF4.2 Tomasa C.
Ciones

Figure 2, Tuber yield performance of the best eight clones selected for frost resistance

as compared to yields of two local cultivars {Yungay and Tomasa Condemayta). Usi-

bamba, Peru (3800 m).

Yield/plant (kg)

2,00

1.60F

1.20}

080} #

040}

o8 _ ] . .
380493.18 82PY1.3 379482.1 376180.3 379482.2
Yungay 82PY19.2 380480.11 380389.1 Tomasa C.
Clones

Figure 3. Tuber yield performance of the best nine clones undzr a nonfrost environ-
ment as compared to yields of two local cultivars {Yungay and Tomasa Condemayta).
Huancayo, Peru (3200 m).

Huancayo (Figs. 2, 3). The overall yield
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averages in both localities were 1.6 kg/
plant for Usibamba and 1.4 kg/plant for
Huancayo. Likewise, the vverall yield
performance of a new set of clones tested
in a lattice 10 x 10 in Huancayo averaged
more than 1.0 kg/plant, the highest yields
being more than 2.0 kg/plant.

During the process of testing and
selecting for frost tolerance in combina-
tion with earlinezs and other desirable
agronomic attributes in the non-Andean
population, the yield potential is being
enhanced in the advanced szlections. These
selections will eventually be used as
parental material for further intercrossing,

or crossing to other advanced sources of

disease resistances important in cool envi-
ronments. Crosses with these selections
will also provide segregating material for
distribution to regional centers of germ-
plasm redistribution and country pro-
grams. Some of these clones will also
become available for use as advanced
clones for variety selection in uational
programs.

Progenies were tested in Colombia with
frost resistance derived from Solanum
acaule, 8. ajanhuiri, and S. curtilobum.
As part of a collaborative effort with the
national potato program of ICA, a group
of 100 clones selected previously were
planted at the San Jorge test site in Octo-
ber 1986, where frosts normally occur
during December and January.

A second group of 3000 seeds of hybrids
of S. phureja, crossed with wild species
and back-crossed to commercial varieties
and advanced clones, was grown in a
greenhouse during 1986 and transplanted
to the field in November for assessment
of frost resistance. Results of this and the
previous test will be reported in 1987.

Ten clones (3 CIP and 7 ICA) selected
for frost resist.nce in previous years are
now in their fi.al stages of testing. They
also have excellent yieids and good cook-
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ing quality. One of these, clone 379055. 1
with frost resistance derived from £. cur-
tilobum and S. ajanhuiri and with Mexi-
can late blight resistant clones in its genetic
background, is now being tested in ICA’s
regional trials.

Adantability of the frost-resistant
population to a wider range of environ-
ments. In our approach to widen the
adaptability of the frost-rezisiaat popula-
tion for the non-Andean region, a new
sample of this population was sent to
southern Chile (Osorno. lat. 40°S) to be
tested for performance under natural long
daylengths. This project was carried out
in collaboration with the national potato
programn of INIA. The sample, consisting
of 252 clones grouped in 16 families, was
subjected to a new methodology of
screening potato plants for long-day per-
formance by using natural short days,
supplemented with artificial light to simu-
late long days from planting to harvest.
Preliminary 1986 results on tuberization
response in the greenhouse will be used
in an attempt to establish a correlation with
field performance under natural long days.
Field data will be available in 1987,

Additional information has been pro-
duced by the national program on the use
of selected clones from the highland tropic
population introduced earlier to test for
adaptation to long days. This indicated,
for the second consecutive year, the higher
yield performance of selected clones over
locally grown varieties. The average mar-
ketable and total tuber yields (t/ha) for the
two growing seasons are consistently
higher than for those of the controls
(Table 1).

AGRONOMIC AND PHYSIOLOGICAL
STUDIES

Screening for efficient use of nitrogen
fertilizer. Further evaluation of a sample



of CIP clones and local varieties from 1985
experiments was run in the field at Huan-
cayo to continue the search for potato
varieties efficient in their use of nitrogen
(N). A split plot design was used with two
levels of N (90 and 180 kg/ha) to study
their effect on 64 different clones. Of the
clones tested, 14 were ¢hosen from the
previous season’s trial .- representatives
of the four types of response observed: 1)
high yield in low N and high response to
added N; 2) high yield and low response
to added N; 3) low yield and high response;
and 4) low yield and low or negative
response. As in the previous year, the
general tendency was for high vielding
clones under low N not to respond io
additional N. A number of exceptions
existed, however, and 10 of the 14 clones
or varieties from the previous season
maintained their previous classification
with respect to response 1o additional N
(Table 2). This group exhibited a close

correlation in yielding ability over both
years under low N (r=0.544*), The slope
and y axis intercept of the inverse rela-
tionship between yield increase due to N
and tuber yield under low N were both
less in the 1986 than the 1985 seasen
{(y=25.36 — 0.0031x and vs. y=89.90
— 0.0106x where y=% increase due to
additional N and x = fresh tuber yield in
kg/m?). The smaller intercept and slope
in the 1986 season suggests a greater sup-
ply of I through mineralization in the field
for that season.

The present results indicate some
promise in the ficld plot methodology in
screenirg for efficient use of N fertilizer,
with only two levels of N. It may be nec-
essary in the future, however, to evaluate
clonal response under a runge of N treat-
ments, given that clones of a different
maturity class may vary drastically in their
optimum N requirement. Further studies
are in progress to resolve this question.

Table 1. Yield performance of a sample of selected clones previously introduced for long-day
adaptation in Osorno, Chile {iat. 400S) .2
Yield (t/ha)

1985 1986 Average (t/ha)
CIP no. Marketable Total Marketable Total Marketable Total
38107941 776 78.2 71.2 74.0 74.4 76.4
381132.21 69.7 711 75.6 77.4 72.7 74.3
381114.202 69.4 70.7 75.2 75.5 723 7341
381135.3 67.3 70.3 50.4 515 58.9 60.9
381132.63 64.9 70.3 61.9 65.5 63 4 67.9
381132.200 63.7 65.1 71.2 71.6 67.5 68.4
380554.125 61.3 62.2 58.9 61.9 60.1 62.1
381118.261 49.6 52.1 63.3 65.9 56.5 59.0
Controls
Mirka 46.8 493 46.7 48.9 46.8 49.1
Yagana 42.7 44.4 52.2 55.3 475 499
Ultimus 41.2 44.4 59.0 64.1 50.1 54.3
Desirée 40.2 41.2 326 33.0 36.4 371
cV (%) 15.2 16.9

%Data fram INJA, Chile.
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Table 2. Tuber yields and percent increase or decrease in yields due to additional nitrogen {N) for

14 genotypes tested during two different seasons.

1986 1985
Yield under Y.e.d under
low N low N
Clone/variety {kg/m?2) Yo Increase + N {kg/m2) %o Increase + N
374080.5 5.92 28 4,52 14
377924.1 4.58 18 4.59 64
378143.5 2.41 -30 3.33 —44
379454 .1 5.03 39 3.63 95
380437.3 7.61 -10 6.82 14
380473.6 4,22 0 2.37 88
UPPE6-1 6.33 -27 5.59 52
UPP95-4 6.36 -16 7.59 -18
UPP100-3 5.59 12 7.02 -33
UFP47-2 5.83 35 4.4€ 92
Revolucién 7.21 8 449 18
Tomasa Condemay t~ 5.45 18 6.78 14
Mariva 8.50 =21 5.57 18
Yungay 7.38 22 5.65 15

In another experiment carried out in the
central highlands of Peru, seven nativc
varietics and nine selected hybrids were
studied with respect 10 their efficiencies

Yield (g/plant)

in N fertilizer use in both pot and field
experiments. In pot experiments, nutrient
solutions that differed in N concentration
(low = 40 mM, and high = 120 mM)

500
BS 120 mMof N

a00k 40 mMof N

300
200

100

g-1 | stn | chal

phu gon

cha2 |
adg-2 hy-1

hy2 | hy4 | hy-6 | hy8
hy-3 hy-5 hv-7 hy-9

Clones

Figure 4. Tuber yieid response to two levels of nitrogen supplied as nutrient solution

in a pot exgeriment, Huancayo, Puru.

130



Yield {kg/plant)
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hy-1
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Figure 5. Tuber yield response 10 two levels of nitrogen in the field, Huancayo.

were supplied to potato plants during the
entire growing period. In ficld experi-
ments, no N and 120 kg of N/ha were
used on the same genotypes in Huancayo
and Tarma.

The results indicated o ditferential
positive response to added N in both sets
of experiments (Figs. 4. 5), but it seems
that the pot response to added N did not
follow the same trend as the field response.
Therefore, the pot experimant may not be
a suitable substitute for field experiments.
It is noteworthy that there were dramatic
responses of most genotypes to added N
in Huancayo, where N content in the soil
was rather poor compared to that in Tarma.
The low response o the fertilizer N
obtained in Tarma may have been due 1o
a high level of soil “fertility, particularly
the N content. Further studiex on identi-
fication of clones highly efficient in their

use of N will be conducted entirely in the
ficld.

Agronomic control of late blight, In
Burundi. the national potato program of
ISABU tested four possible treatments for
controlling late bhght: 1) unsprayed con-
trol (farmer practice’; 2) Mancozeb every
seven days, starting three weeks after
emergence: 3) same as for (2) but fol-
lowed by Ridomil when blight attack
reached 10% fohar damage: and 4) Ridomil
only. when 109 damage observed. The
results showed that the Latter treatment was
considered the most feasible method for
farmer adoption, and treatment (3) fol-
lowed by (4) gave the best yields. There
was a significant variety x treatnient inter-
action in which the most blight-suscepti-
ble varieties derived the greatest benetit
from the fungicides.
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Postharvest Technology

R esearch has continued to focus on storage of consumer potatoes, storage
of seed potatoes, and low-zost processing. Fifty clones were evaluated
for storability as seed and as consumer potatoes. Different evaluation methods
are being studied. Research on the storage of consumer po‘atoes in warm
areas has given promising results, Newly constructed storage facilities in San
Ramon will be used to integrate all available storage technologies including
low-cost cooling systems, control of tuber moth (PTM), control of tuber soft-
rots, and control of sprouting. Control of PTM by chemicals or dried insect-
repellent foliage combined with the prestorage dusting of tubers with calcium
sulphate significantly reduced tuber rotting.

Research on seed tubers concentrated on storage behavior and subsequent
field performance of small seed tubers, derived from true potato sced (TPS)
or obtained through rapid multiptication techniques, &t elevated temperatures.
Results showed that small seed tubers in comparison with larger tubers gave
little reduction in yield potential despite proportionally high weight losses
during storage in diffused light at high ambicent temperatures. Also, storage
management of small seed tubers related 1o desprouting and physiological
degeneration was studied. Another study showed that the tuber-to-tuber var-
iability in storage behavior in seedling tubers was generally not greater than
that observed in similarly sized clonal tubers. This means that possible dif-
ferences in variability in plant growth observed between clonal tubers and
seedling tubers are not likely to resuit from differences in variability in storage
behavior.

Low-cost processing of potatocs into dehydrated products, using solar energy,
is now being evaluated in Peru, Kenya, India, and Bangladesh. A cheap,
simple method to produce dehydrated French fries has been developed in
Peru and the product is being consumer-tested. An anthropological study of
household potato processing technologies has been carried out in the Andean
Region.

Drying mashed potatoes at the household level to prepare
potato-based food mixes, 133



STORAGE OF CONSUMER POTATOES

Peru. Rescarch has continued to focus on
methods to reduce storage losses of con-
sumer potatoes in warm areas, Al the
experimental station in San Ramon, the
construction of {uur experimental units for
storage of consumer potatoes was com-
pleted. The walls of these structures con-
sist of cither white stones or charcoal, kept
in place by chicken wire. A pipe with
holes at every 2-3 c¢m allows water to
trickle oa the wall, resulting in a large
moist surface for evaporative cooling. At
an average ambient relative humidity of
78%, the humiditied walls reduced the
mean daily maximum temperature in the
store through evaporative cooling fram 26°
to 23° C. Totai tuber weight loss during
a four-month storage period was reduced
from 13% to 10%.

Each of the four experimental stores is
subdivided into ten units with a storuge
capacity of 500 kg cach. These stores will
be used to test all available storage tech-

nologies. Methods to control potato tuber
moth (PTM), soft-rots, and sprouting will
be integrated with technologies on store
design and low-cost cooling systems.
Fast Africa. Storage trials were con-
ducted in collaboration with national sci-
entists on the coast of Kenya to test the
feasibility of storing consumer potatoes in
a warm climate. The main treatments
consisted of bulk potatoes ventilated at
different times; one store was ventilated
only during the night. In another treat-
ment, potatoes were treated with IPC
sprout suppressant in a ventilated basket
similar to the ones farmers use for stor-
age. All types of stores were toaded in
September 1985 and monitored for 98
days. The treatment with the least total
weipght foss in tubers (16%) was recorded
for the night-time ventilated store. Other
treatments had losses ranging from 23%
and 27%, the greater part of which was
due to moisture loss from tubers. Storage
temperature means were 25.6° to 26.7° C

CIP low-cost experimental stores for consumer potatoes in San Ramon, Peru,
Evaporative cooling of the walls (white stones or charcoal) is carried out by
means of a simple water-trickle system.

134



with a mean ambient temperature of
27.7°C. In the next trial, a passive
evaporative-type cooler will be fitted to a
night-time ventilated store to see if the
apparent benefit of controlled ventilation
can be increased. For a length of time
shorter than 98 days, storage losses of less
than 10% seem possible. Although sprout
suppression was not apparently effective
in these storage trials, other evidence sug-
gests that IPC can be helpful and future
trials will continue to include one treat-
ment with this chemical.

North Africa. In North Africa, storage
of consumer potatoes without using
expensive cold storage facilities during the
four months of the hot and dry summer
period would be economical, provided that
excessive sprouting and attack by PTM
could be efficiently controlled in tradi-
tional stores. To achieve this, experi-
ments jointly supervised by CIP and
national scientists were carried out in
Tunisia. In an integrated approach, the
following components and combinations
of compenents were tested: sprout-inhib-
itors such as IPC or IFC +CiPC (com-
mercial name *‘Germex’), covering the
potato pile to reduce evaporation of the
active chemicals of the sprout inhibitors,
insccticides for PTM control, and height
of the potato pile.

In all experiments the farmers’ tradi-
tional storage technique was used, which
consisted of :oring potatoes under a shel-
ter in piles (1-1.2 m high) covered with
a layer of straw. Experiments were set up
in carly July (after a prestorage period for
tuber curing) and were terminated at the
end of October when the first freshly har-
vested potatoes from the late season crop
reach the market.

The percentage of sprouted tubers at
the end of the storage period was signifi-
cantly less when potatoes were dusted with
sprout inhibitors and covered with paper

in addition to the usual straw cover (48%
vs. 83% for the control). Total storage
losses {in weight) with sprout inhibitors
plus paper cover were 9.2% versus 14.5%
for the control treatment. Sprout inhibi-
tors alone did not reduce sprouting and
resulted in a similar total weight loss in
tubers as in the untreated control. When
potatoes dusted with sprout inhibitors were
covered with plastic sheeting (imperme-
able to moisture), losses caused by tuber
rot were severe.

Sprout inhibitors significantly reduced
the percentage of PTM-attacked tubers and
the percentage of rotten tubers compared
to that of the untreated control (PTM 42%
vs. 94.7%; rotten tubers 3.3% vs. 17.3%).
Application of K-Othrine (pyrethroid in
powder form) brought the percentage of
PTM-damaged tubers and the percentage
of rotten tubers down further to aceepta-
ble levels of 12.7-15.7% and 0-1.7%,
respectively. At the end of a fovr-month
storage period, approximately 88 kg out
of 10C kg of potatoes initially put into
storage were marketable.

It can be concluded that consumer
potatoes can be stored in traditional dark
stores if the following factors are inte-
grated; application of spra * jnhibitors,
covering potatoes with a moterial suffi-
ciently permeable to moisture, applica-
tion of insecticides for PTM control, and
storing potatoes in piles not higher than
one meter.

South Asia. Storage of consumer pota-
toes without refrigeration in hot tropical
climates has always been a serious prob-
lem. In Bangladesh, a two to three-month
storage period is all that is required to
give a longer period for marketing the crop.
Based on previous rescarch by the Ban-
gladesh Agriculiural Rescarch Institute
(BARI), three locations were chosen to
demonstrate to farmers a simple tech-
nique for storing small quantities (200 kg)
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of consumer potatoes. Simpie stores of
bamboo were constructed with inside walls
plastered and ventilation through the bot-
tom from access holes on two sides. Hol-
low bamboo tubes (12 cm diameter)
perferated with holes to serve as chim-
neys were installed in the steres to remove
heat generated by the potatoes. Storage
up to 90 days is feasible in this type of
store and losses due to tuber rot and weignt
loss were negligible for both Cardinal and
Patrones. The storage period, when com-
bined with the use of CIPC sprout sup-
pressant, could casily be extended to 120
days. For periods longer than 120 days,
weight losses increase considerably and
the method of storage is no longer cco-
nomical.

In Calcutta, an underground store cov-
ered with a thatched roof was constructed
by a farmers’ group at Mandra in which
consumer potatoes, harvested in March
1986, were stored in buik. Weight losses
were recorded after 60 days and varied
according to the variety between 6% and
129%. However, during the time when the
tubers were placed in storage in March
and removed two months later, consumer
potato prices increased by 50%. At Bar-
eilly, a rustic store of ten-ton capacity was
designed with the Society for Develop-
ment of Appropriate Technology to store
potatoes for the village-level potato
processing unit. This store has passive-
type evaporative cuoling and will be used
to record detailed temperature and humid-
ity data.

STORAGE OF SEED TUBERS

Latin America. Rescarch in Peru has
continued to concentrate on the storage
behavior and subsequent ficld per-
formance of small seed tubers, such as
first generation tubers from true potato seed
(TPS) and clonal tubers obtained by rapid
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multiplication techniques. The per-
formance of small seed tubers was com-
pared with that of larger seed tubers in a
study involving six grades of tuber size,
ranging from 2.5-g to 80-g. Tubers were
stored for 5.5 months in a cold store at
4° C and also at ambient temperatures (17°
- 29° C) in a natural diffused-light store
(DLS). The tubers for all treatments were
subsequently planted in Lima und San
Ramon.

Results showed that the tuber dormant
period varied with cultivars and storage
environments and was always longer in
small tubers than in 80-g tubers. The effect
of storage conditions on sprout length,
number of sprouts per tuber, plani emerg-
ence, numnber of stems, and ground cover
by foliage was similar in small tubers to
that observed in 80-g tubers. Weight loss
in the 2.5-g tubers was more than twice
that of the 80-g tubers in both storage
environments (Tuble 1). There was a sig-
nificant interaction between sced tuber size
and storage environment for tuber yield
(Table 2). Large tubers stored at high
temperature in DLS yiclded less than those
stored ar 4° C. The small 2.5-g and 5-g

Table 1. Effect of seed tuber weight on tuber
weigat loss (O/o) in two storage environments
{mean of two cultivars), Peru.

Tuber Storage environment
weight
(9) 4q0(C Diffused-light
80 8 15
40 8 15
20 9 18
10 12 22

5 13 25

25 17 33
Mean 11 21

L.SD 0.05 Tuber weight = 1.6.
L.SD 0.05 Storage environment = 3.4,



Tahle 2. Effect of seed tuber weight nn tuber
yield (g/plant) at mature harvest after storage in
two different environments (mean of two culti-
vars and two planting locations}, Peru.

Tuber Storage environment
weight
(g) L0C Diffused-light
80 1128 1072
40 1094 911
20 959 825
10 902 686

5 711 729

2.5 609 632
Mean 901 809

LSD 0.05 Tuber weight x storage environ-
ment = 64,

tubers, on the other hand, yielded more
when storad in diffused light. This favor-
able yield response of small tubers to high
storage temperature was due to adequate
ground cover by foliage, which in turn
resulted from optimum sprout develop-
ment at planting. A ore-sprouting period
of two weeks after storage at 4° C appears
to be too short to permit adequate sprout
development in small seed tubers during
storage at elevated temperatures, these
tubers can be stored successtully in DLS
at high amibient temperatures.
Experiments on desprouting of tubers
stored in DLS were carried out to study
whether or not the performance of clones
with a tendency to apical dominance could
be improved. Six grades of tuber size,
ranging from 2.5-g to 80-g, were stored
during the hot summer in Lima, and in
those that were not desprouted, sprout
number increased litile with increasing
storage period. Desprouting considerably
increased sprout number in all tuber sizes
and at all storage intervals (Table 3). The
cffect of desprouting on sprout number
was greater in larger tubers due to the

greater number of cyzs per tuber. Obser-
vations also showed that desprouting
should be done before sprouts become too
old, in order to avoid tuber wounding and
subsequent dehydration.

The pattern of physiological degener-
ation of small seed tubers was studied
during prolonged storage in DLS at
ambient temper:“ures, during the summer
in Lima. Tubers werc subjected to a
standard sprouting test at regular intervals
to measure decline in seed tuber vigor.
The decline in sprouting capacity,
expressed as a percentage of the maxi-
mum sprouting capacity observed during
the entire storage period, was similar in
all tuber sizes. It is concluded that in spite
of considerable weight loss in small tu-
bers, they maintain acceptable vigor dur-
ing storage in DLS at elevated
temperatures.

The tuber-to-tuber variability in storage
behavior of seedling tubers was compared
with that occurring in clonal seed tubers,
after storage in the dark, in DLS, or in
DLS with one desprouting two montas
before planting. The variability was esti-
mated by calculating standard deviations
of length, number and weight of sprouts,
and tuber weight loss. After dark storage,

Table 3. Increase {%) in sprout number per
tuber as a result of desprouting, at different
intervals during storage in diffused light at am-
bient temperature (mean of two cultivars),
Peru,

Tuber  Time from beginning of sprout growth
weight
{g) 4 wk 8 ~k 12 wk 16 wk
25 27 27 36 54
5 54 54 920 81
10 100 100 145 136
20 191 130 175 153
40 214 180 193 14
80 210 205 232 100
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the variability of these storage variables
was greater in seedling tubers than in clonu)
seed tubers (Fig. 1). After stciage in DLS
with one desprouting, the variability of
number, length, and weight of sprouts

SO of length of
longest sprout {cm)

1.2

08}

0.4} §

Light +
desprouting

Dark l.ight

SD of sprout
fresh weignt (g)

08

06

041

0.2}

e

Dark Light Light +
desprouting

' Clonal tubers

observed in seedling tubers was not sta-
tistically different from that observed in
clonal seed tubers. All storage treatments
showed a greater variability of tuber weight
loss in seedling tubers thun in clonal

SD of sprout
number

04—

Dark Light Light +
desprouting

SD of tuber
weight loss (9o}

16

Dark Light Light +
desprouting

Eﬁ Tubers from true seed

Figure 1. Tuber-to-tuber variability (standard deviation = sD) of length, number, and weight of
sprouts and tuber weight loss in clonal tubers and tubers from true seed, compared within each of
three storage conditions (SD sprout number based on square root transformation). ** =P < 0.01;

* =P <0.05; no indication = not significant.
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tubers. Therefore, it is concluded that
possible differcnces in variability in plant
growth observed between the two types
of seed tubers are not likely to result from
differences in storage behavior.

In Chile, four experiments were per-
formed at Osorno in collaboration with
the National Azricultural Research Insti-
tute (INIA) to confirm previous results on
the use of DLS, cut seed tubers. and dir-
ferent planting dates on the vicld of vari-
cty Kenncbec. At planting time. the seed
tubers were seven months okl and their
physiological condition was excellent.
There  was  no  significant  difference
between the yield from seed tubers stored
in DLS and that of sced stored in the dark.
There was a clear advantage in planting
whole seed tubers compared with cut seed,
as the number of stems per unit land arca
was much greater with the whole seed
tubers. As expected, the yicld of the first
crop planted in October was significantly
berter than later plantings. The results from
several years of trials have been con-
sistent and this research has now been
concluded.

A new project in Brazil to compare
storage of seed tubers in DLS and cold
store was initiated in September 1986 at
the National Center of Horticultural
Research (CNPH). The tubers will be
planted after six months of storage and
evaluated.

Tropical Africa. In Burundi, the
national potato program of ISABU has
corried out three types of activities related
to storage: 1) to record the length of dor-
mancy of advanced clones; 2) to give
advice to seed multiplication projects on
appropriate methods of storage and seed
distribution; and 3) 1o refine simple meth-
ods of dormancy breaking at the farm level.

In the first activity, nine varictics and
clones harvested from a trial at Gisozi were
stored in DLS und measurements were

taken weekly of the growth of the apical
sprout until it reached 3 mm, There were
considerable differences in the length of
dormancy of the varicties and clones used
(Table 4). These different genotypes can
be used effectively to fit the various crop-
ping systems in Burundi, some where
potatoes are planted almost continuously,
and others where there is a long storage
period between harvest and planting the
next crop.

In the second activity, regular visits were
made to all major seed production projects
to advise on production, storage, and dis-
tribution. In addition, several low-cost
stores for demonstration purposes are being
constructed. The design falls between a
tely rustic construction (storage costs Iess
than US$0.01/kg/season) and an expen-
sive all-concrete structure (US$0.07/kg/
season).

For the third activity, the trcatment
reported previously (Ann. Rep. 1984) to
break dormancy by using heat shock
treatment above a fire in a hut was studied
in combination with a period of pit stor-
age. Twenty to 30 days in the hut with

Table 4. Length of dormancy of different geno-
types adapted to Burundi conditions.

Length of

dormancy?
Genotype {days)
Ndinamagara (720118) 33
Montsama (720049) 54
Kenya Baraka 64
Muruta (380506.10) 89
720088 89
Sangema (800849) 93
Kinigi {378699.2) 93
Muziranzara (378711.5) 103
Uganda |l (720097) 131

9Dormancy is estimated as time taken from har-
vest until principal sprout attains 3 mm.
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temperatures fluctuating from 8°1047° C,
followed by 20 days buried in a pit, was
an efficient treatment to break dormancy
in less than two months, and permitted
sced tubers harvested in January te be
planted in February or March. This method
was not as effective for breuking the dor-
mancy of tubers harvested in July because
ambient temperatures were generally lower
and dormancy lasted longer. Extra heat
might be requited to break dormancy in
these circumstances.

Seven on-farm trials were set up to
compare the fraditional method of storing
seed tubers in a dark room with the heat-
shock treatment used to break dormancy.
Tubers were heat-treated immediately after
the January 1986 harvest and replanted in
March. Data taken of sprout number,
sprout length, and number of stems showed
little difference between the two treat-
ments; however, tubers given the heat-
shock treatment yielded 440 g/plant com-
pared with 366 g/plaut when tubers were
stored in a darkened room.

North Africa. In Egypt, the traditional
nawalla storage method for sced tbers
was further improved by the use of screens
as a mechanical barrier for PTM (PTM
damage with screens <<10%: without
screens 30-50%). This improved tech-
nigue is now being transferred 1o farmers.

In Senegal, three storage methods (cold
store, bag, DLS) were compared to assess
losses in storage and subsequent ficld per-
formance of the seed. Five cultivars (Pre-
mier, Desirée, Escort, Gigant, and
Claustar) were stored for five months dur-
ing which time ambient temperatures
reached over 40° C in September. Storage
losses in bags were not much higher than
those in DLS and the tubers werz in good
condition after three months. Only culti-
vars Claustar and Desirée gave satistac-
tory results, especially the latter which
stored well in diffused light.
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EVALUATION OF CLONES AND
VARIETIES

Fifty advanced clones were evaluated for
storability as seed tubers and as consumer
potatoes. Clones showed considerable
differences in length of dormancy, incu-
bation period (the time between tuber ini-
tiation in the field and sprouting during
dark storage at = 18° C), rate of sprout-
growth, number, length, and weight of
sprouts, and tuber weight loss. The merits
of different methods to evaluate the stor-
ability of both seed and consumer pota-
toes arc being evaluated.

In Bangladesh, where it is necessary to
store sced tubers for up to eight months,
the possibility of long periods of storage
in DLS is being investigated. Varieties
Patrones, Cardinal. and Kufri Lalima, and
local varieties Bograi and Dohazari Lal
were stored in DLS, and after 150 days,
half of the tubers were transierred to cold
storage. Preliminary observations  indi-
cate that the large-sized tubers of Patrones,
Cardinal, and Kuiri Lalima become very
shrivelled, whereas the small-sized tubers
of the local varicties stored well, The tub-
ers will be planted in the 1986-87 scason
to assess their ficld performance.

POTATO PROCESSING

Transler of technology. To fucilitate
transfer of the technelogy used to produce
dehydrated food mixes based on potato,
the CIP pilot plant in Huancayo was made
available to researchers of national insti-
tutions to gain practical experience with
this technology. FThr processing plant was
used by collaborating institutions for a total
of 539 man-days in 1986 to experiment
with potato-based food mixes. Some
researchers modified CIP’s original M6
mixture into a food mix (PAPACEL) that
is based exclusively on Andean crops
(Table 5). which should simplify the



Table 5. Composition of two potato-based
mixes (M6 and Papacel) developed by CIP and
Peruvian national institutions.

M6 Papacel
Ingredients (%) (%)
Wet, mashed potato 60 60
Broad bean flour 8 9
Rice flour 8 -
Oat flour 8 -
Maize flour 6 9
Barley flour 8 9
Salt 2 -
Quinua fiour - 4
Wheat flour - 9
Total 100 100

preparation of the mix in Andean com-
munities. In addition, several researchers
concentrated on the use of discarded pota-
toes for preparation of the mix. One
national institution (Centro IDEAS) has
almost completed the construction of a
small potato-processing plant with a
capacity of 21 tons of dehydrated food
mix per month. The Peruvian Ministry of

.4‘“1

Health has expressed interest in using
potato-based food mixes in their food pro-
grams. The National Institute for Agri-
cultural Research and Extension (INIPA)
has developed construction plans for a
processing plant of Andean crops, includ-
ing potatoes.

In India, CIP continues to support a
village-level processing project in Bar-
eilly that has been set up by Compatible
Technology, Inc. In this project potato
processing is organized into a three-tier
system. In tier 1, family or community
members are making potato slices which
are sun-dried. The dried slices are ground
by a small mill (tier 2). Finally, in tier 3
the product is marketed. It is anticipated
that about 10 units of tier 1 will supply
material for tier 2. Presently, processing
equipment such as a bicycle-power.d slicer
is being developed by the project.

Research. Drying. The efficiency of
the drying chamber used in the processing
plant in Huancayo was further increased
by modifying the construction. A pre-
heating chamber, where air is warmed up

o
~ PP

-

-
Lo - ‘

Preheating chamber in front of solar dryer for higher drying efficiency
at the CIP processing plant, Huancayo, Peru.
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by solar energy before it enters into the
main drying room, was constructed. The
roof of the pre-heating chamber is made
of frames with transparent plastic, while
the floor consists of stones painted black.
As a result of this modification, the mean
maximum temperature in the main drying
room increased from 35° o 48° C.
French fries. Dehydrated French fries
were produced according to the following
scheme: selection of tubers — washing —
peeling — cutting — blanching — cool-
ing — drying — packing. The best qual-
ity product was obtained when the tuber
pieces were blanched at 89° C, first in a
solution of sodium bisulfite and citric acid
for eight minutes and then in a solution
of sodium pyrophosphate for two min-
utes. The dehydrated product was recon-
stituted by soaking in water for six hours.
After frying, the French fries were sub-
mitted to organoleptical analysis for eval-
uation of ~ppearance, taste, texture, and

village, Peru.
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color. These tests showed excellent con-
sumer acceptability of the product.

Food system. Work on potato produc-
tion from true seed in home gardens in
conjunction with simple processing tech-
niques was continued. As reported else-
where (Thrust 1X), tubers from TPS can
be produced efficiently in seedbeds with
a high production of dry matter per unit
arca. After successive harvests of
bimonthly TPS plantings in seedbeds, dif-
ferent-sized tubers were processed into a
dehydrated potato-based iood mix. Results
showed that tubers as small as 1-5 g could
be used effectively for making the food
mix. Several alternative production and
processing combinations were developed,
some of which would appear to be attrac-
tive in certain home-garden production
situations in warm climates.

Traditional processing. An in-depth
anthropological study of houschold potato
processing technologies was continued in

Preparation and consumer testing of potato-processed products in an Andean



Workshop on potato processing in Huancayo, Peru,

Peru. Bolivia. and Argerting. The stages
ol boiling. freezirg, seuking, fermenting,
and drying for different potato processes
have been described and categorized in
the Annuwal Reparr 1985, Although most
of these  processing technmques  were
believed to be limited to the Central Andes
due to the climatic condiions required for
potato processing. similar potato process-
ing techniques have been identified in other
parts of the world (e.g.. Japan). Tl
diversity of potato processing techniques
found in the Central Andes could provide
essential information on appropriate tech-
niques for Jow-cos processing in other
developing countries,

TRAINING

In Africa, training again focused on low-
cost technology for seed potato storage

through in-country courses in Zambia,
Ethiopia, and Tunisia. the latter as part
of & production training activity.

The Bangludesh Agricultural Research
Instituie organized a regiona! course on
postharvest technology attended by sci-
entists from six Asian countries. A wide
range of topics was taught from cold stor-
age to low-cost DLS for seed tubers, dis-
cases and pests. and simple processing
methods. The latter topic was also the
subject of a two-day course held at the
processing facility oi the Society for
Development of Appropriate Technology
at Bareilly, India. A three-day workshop
was held at the CIP processing plant in
Huancayo for 17 participants from differ-
ent geographical areas in Peru. During the
training activity. work plans for the trans-
fer of processing technology were devel-
oped for each area.
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THRUST IX

Seed Technology

B reeding efforts to improve TPS progenies concentrated on the incorpo-
ration of resistances to late blight, carly blight, and potato virus Y (PVY),
and on the identification of vigorous scedling grewth under adverse enviren-
ments. Preliminary resulis showed that selected progenitors with high levels
of resistance to late blight and immunity 10 PVY were able to transfer these
traits to a high percentage of their progeny.

Agronomic work continued on techniques for further enhancing transplant
survival and average size of tubers, particularly in warm environments, as
well as scedling tuber production and nse. By using the system of raised
beds, as used for vegetable praduction, and by increasing transplant density,
the nroportion of marketable-sized tubers was improved. Effective control of
damping-off in potato scedlings caused by Rhizoctonia solani was achieved.

Important progress was made ¢n improving the efficiency of large-scale
production of true potato seed (TPS) as well as on methodology to ensure
the production and maintenance of high quality seed. More than 12 kg of
selected hybrid TPS was produced in Chile and distributed to approximately
59 countries. Through supplemental N applications during seed development,
significant increases in TPS vigor were obtained. Also, optimal berry load,
stem number per hill, and planting densities of mother plants were defined
for selected progenitors. Increased berry maturity prior to harvest and improved
management practices after TPS extraction resulted in the production of seed
that dic not require gibberellic acid as a presowing treatment for vigorous
and uniform emergence. Drying mature TPS at 20° C followed by immediate
storage under low moisture ensured maintenance of TPS quality.

Sced tuber research concentrated on evaluating diverse methods of potato
propagation appropriate to self-sustaining potato production systems in warm
environments. Results confirmed that faster field establishment is obtained
from tubers, followed by rooted cuttings or T"S transplants. However,
rooted cuttings showed a favorable tendency to produce lower number of
tubers and hence larger and more uniform tubers. Warm-produced seed
tubers also showed a marked reduction in yield as compared to that of cool-
produced tubers. Research efforts continue on the adaptation of TPS and
other propagation methods in various countries, especially in South and
Southeast Asia. Several propagation methods are showing good prospects for
expanding potato cultivation into warm environments.

Varicus potato propagstion methoas, e.g., stem cuttings,
secdling tubers, TPS, being evaluated under warm 45
envircnmental conditions in San Ramon, Peru,



TRUE POTATO SEED

Breeding for TPS. True seed progenies
are being screened for their resistance to
important diseases such as late blight and
potato virus Y (PVY). Families, such as
CFK-89-1 x 7XY.1, 1-1035 x 7XY.I,
575043 x 7XY.1, and Tollocan x 7XY.1
(Table 1) provided progenies with a high
percent of resistance to late blight and
immunity to PVY. The familics used in
this screening were obtained by crossing
progenitors with high general combining
ability for yield and with resistance to late
blight. Another group of 300 progenies,
segregating for late blight and early blight,
were evaluated for their resistance to these
diseases.

In order to expand adaptation of TPS
material to restrictive growing conditions
present in areas of highest adoption
potential (i.e., mesothermal tropical
regions), methods for the identification of
more aggressive progenies are  being
developed. The selection procedures aim
to identify materials that germinate uni-

formly and vigorously under adverse soil
and temperature conditions, and produce
see'Ylings that can rapidly recover follow-
ing transplanting. Advanced progenies
from the TPS breeding program were
evaluated for rate and unifermity of ger-
mination as well as for seudling growth
under a controtled temperature regime of
25° C day and 23° C night (Table 2).
Another need is to improve the ability
of seedlings to recover after transplant-
ing. Improved ability to recover after
transplanting was found to be strongly
associated with regeneration of adventi-
tious roots immediately after transplant-
ing. Forty advanced progenies were
subjected to a test developed to assess root
regeneration. In this test, seedlings were
evaluated for their root regeneration
response to an induced shock of — 15bar
water potential by immersing the roots into
a PEG 6000 solution for 15 minutes at
20° C. After the shock, the seedlings were
mist-irrigated for 15 days in a wood
chamber covered at the sides and ends to

Table 1. Proportion cf seedlings resistant to late blight and segregation ratio for immunity to

potato virus Y in a selected group of families.

Resistant Segregation ratic
Family (%) {immune: susceptible)
1-1035 x 1-1039 79 1:1
CFX-69-1 x 1-1039 79 1:1
LT-9 x CEW-69-1 76 1:1
Atzimba x 1-1039 " 1:1
CEW-69-1 x 1-1039 71 1:1
1-1035 x 7XY.1 70 5:1
CEW-69-1 x 7XY.1 67 5:1
CFK-69-1 x 7XY.1 64 5:1
LT-8 x CEW-69-1 62 1:1
Tollocan x 7XY.1 53 5:1
LT-9 x 7XY.1 51 1M1
AVRDC-1287.19 x 1-1039 33 1:1
LT-3 x 378676.6 1 3:1
Desirée 0 -
Renacimiento 2 -
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Table 2. Sesdling characteristics in a group of progenies evaluated for early growth under high

temperatures (25°/23°C, day/night).

Emergence

Seedling height Seedling

dry weightb

Family Rate? % cm SX {ing) Rank
37789119 x LT-7 1.28 60.0 10.3 2.2 54.0 1
80N37.11 x R-128.6 1.26 57.8 109 14 44.7 2
Tellocen x R-128.6 1.27 60.0 6.7 0.8 48.3 3
Atzimba x 4.1 1.26 62.2 8.2 1.2 36.7 4
Toliocan x 4.1 1.29 60.0 8.2 25 36.0 5
80JA22.1 x 4.1 1.19 57.8 8.2 1.5 33.3 6
CEX-69-1 x R-128.6 1.09 53.3 8.3 1.9 43.7 7
Atzimoa x I.T-7 1.34 67.8 6.4 2.1 33.0 8
80JA48.2 x R-128.6 1.01 51.1 84 04 35.7 9
Atzimba x 7XY.1 117 57.8 7.5 1.8 40.3 10
377935.27 x 377964.5 1.07 63.3 8.2 1.9 47.3 11

10.0 1.7 39.7 12

Atzimba x R-128.6 0.96 46.6

9 Zmergence per day over a period of 15 days.
bDry weight 35 days after sowing.

exclude light (Fig. 1). Misting frequency
was 5 seconds every 3 minutes. The aver-
age seedling response with respect to
quantity of roots regenerated was used for
characterizing superior progenies.

Sclected TPS progenies are also being
evaluated for general field performance
and yield when either grown from trans-
planted seedlings or from scedling tu-
bers in different environments. The yield

Figura 1. A bottom mist chamber used in root regeneration studies in potato seedlings,
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ranking of progenies propagated by both
methods was similar in the cool but not
in the warm environment (Table 3). This
suggests that under cool conditions the
genetic potential for yield in progenies is
less influenced by traits such as improved
early growth and transplant survival,
Although yield from transplants was lower,
differences in progeny responses to trans-
planting were not expressed. On the other
hand, in warm environments progenies that
perform well as transplants would not
necessarily have similar performances to
scedling tubers, and vice versa.
International TPS progeny evalua-
tion trial. The second international TPS
progeny evaluation trial wa <onducted in
nine  different locations  (Philippines,
Venezuela, Rwanda, Chile, Brazil, Bang-
ladesh, Tunisia, and two sites in Peru).
and included 27 advanced familics.
Improved traits included in the set were

adaptation, higix yield, uniformity, and
carliness. For long-day adaptation, five sets
of 30 progenies were sent to Japan and
one set to Italy.

Progeny evaluation trials in coun-
tries. South America. Progeny trials were
conducted in Brazil at the National
Research Center for Vegetables (CNPH),
Brasilia, duning the dry scason (June-
October). These trials were followed by
a sccond transplanting in September for
the wet season. During the first season,
even with sprinkler irrigation, transplant
survival was low due to the dry climate;
on the average only 40% to 50% were
harvested. One progeny (384074) gave
good yields in spite of the low plant pop-
ulation. In the second scason, the seed-
lings were transplanted first to small plastic
cups and when six weeks old planted in
the ficld with the soil from the cup
attached. The survival improved consid-

Table 3. Yield (t/ha) from TPS progenies used as seedling tubers or transplants in two locations,

Huancayo {cool} and San Ramon {wgrm).

Cool location

Warm location

Seedling tubers

Transplants

Seedling tubers Transplants

Progeny Yield Rank Yield Rank Yield Rank Yield Rank
CFK-69-1 x 380701.12 68.6 1 458 1 34.3 2 26.2 4
Atzimba x 380701.12 64.2 2 417 2 26.4 8 316 1
80JA5.8.12 x R-128.6 62.5 3 36.0 5 256 9 14.3 1
1931 x R-128.5 60.3 4 36.9 4 145 15 16 8 9
79D10.9 x 380701.12 60.0 5 41.4 3 25.1 10 10.3 14
Atzimba x R-128.6 59.4 6 36.6 6 19.7 12 304 2
Atzimba x DTO-28 58.1 7 28.8 12 30.8 4 18.3 8
377887.74 x 3778779 579 8 33.5 8 18.2 13 21.7 5
Atzimba x LT-1 54.9 9 279 13 221 1 19.4 7
79G8.7 x R-128.6 52.4 10 31.8 9 36.4 1 1.1 13
Atzimba x 380700.79 52.0 1 34.7 7 30.0 6 28.3 3
Atzimba x XY 14.7 49.1 12 314 10 33.5 3 16.5 10
377877.9 x 378017.2 42.3 13 14.6 15 16.4 14 19.5 6
LT-1 x DTN-33 30.3 14 30.6 1 28.1 7 12.3 12
TS-1 x R-128.6 35.2 15 19.8 14 30.3 5 9.7 15
Means 53.8 32.7 26.1 19.1
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erably and the majority of plants were
harvested.

Five on-farm trials were effective in
demonstrating the potential of using sced-
ling tubers as yields of 40 t/ha were
obtained. At the farmers’ request, the trials
will continue; however, better quality
progenies are required as the tuber char-
acteristics are still not suitable for the local
market. Several of the progenies showed
resistance to leafminer fly (Liriomyza hui-
dobrensis).

North Africa. Several promising TPS
progenies were selerted in Egypt on the
basis of their seedling vigor, seedling tuber
yield, earliness, and tuber uniformity.
During 1986 there has been a general shift
of emphases from station research to
transfer of technology to the farmers’
fields.

South Asia. Progeny evaluation trials
in India inciuded locally produced TPS
hybrids that were transplanted at the Cen-
tral Potato Research Station, Modipuram
in early November 1985, and harvested
in late February 1986. Hybrid HPS-1/13
gave the best yield and the most vigorous
plants. Yields of transplanted seedlings of
several progenies were poor (<100 g/
plant). However, in subsequent trials with
seedling tubers of the same progenies,
yields were more than 400 g/plant, com-
parable with those from seed-size tubers
of a standard Indian variety.

Evaluation of TPS progenies from
transplants  was also made at Deesa
(Gujarat) and Chindwara (Madhya Pra-
desh), and small tubers produced in both
these trials will be compared with those
of the predominant local variety. At Man-
dra (Calcutta), the yield performance of
three categories (<20 g, 20-40 g, and>40
g) of scedling tubers of progeny TPS-2
was zssessed. All sizes gave yields of
approximately 3 kg/m?, while standard
seed-size tubers of Kufri Jyoti yielded 3.5

kg/m?. The size of the small tubers, how-
ever, influenced the tuber size of the har-
vested crop. The largest tubers (>40 g)
yiclded a slightly greater proportion of
large-sized tubers (>80 g).

In Nepal, four hybrids and one open-
pollinated (OP) progeny were evaluated
in the lowland area at Janakpur. The seed-
lings were transplanted to the field, and
the wide spacing (60 x 10 cm) resulted in
a low number (100/m?) of large-sized
seedling tubers. The OP progeny yielded
about 50% of the best hybrid progeny
(HPS-1/13) that gave the equivalent of 23
tha. Thirty-four new temale lines were
identified on their flowering capacity and
other desirable characters. These were
crossed with one male tester and, on the
basis of seed and berry characters, 23 lines
were selected. Hybrids from these female
lines will be evaluated in 1986-87.

In Bhutan, CIP hybrid 720045 x 750161
gave the highest yield per plant in trials
at Yusipang. Most, but not all, hybrids
gave significantly better yields than the
OP progenies. A study of several TPS
parents was made to determine the most
suitable for TPS production under Bhu-
tanese conditions. The best male parents
were 676005, 376999.6, and 750161, and
the best females were 720045, CP1-999,
and 1-1055. Clones 720084 and 800224
performed equally well as males and
females.

Southeast Asia. The identitication of
TPS progenies suitable for the highlands,
mid-elevation arcas, and lowlands of the
Philippines and Vietnam is being made
possible through the breeding work at
CIP’s Sta. Lucia station in the Philippines
(800 m). Twenty-four hybrids were pro-
duced from parents that were primarily
bacterial wilt-resistant females and heat-
tolerant males (LT-7, 7XY.I, DTO-33,
DTQ-2, and I-1035). A major problem in
TPS production is the extreme sensitivity

149



of many parents to daylength; out of 27
parents, only 11 were used successfully
as progenitors. It was also found that
progenies with a parentage of S. tubero-
sum . §. andigena or §. phureja do best
in the dry scason (cool, short days).
Hybrids derived from crosses between
genotypes of ssp. ruberosium always tu-
berize too early, resulting in reduced can-
opy and yield. Emphasis has been placed
on sclecting clones with good tuoer yields
and heavy berry set to enable farmers to
use OP seed. Ten clones were szlected
and secd has been distributed to Negros
and Mindanao in the Fhilippines, Indo-
nesia, ~ad Vietnam.

TPS agronomy. South America. In
Peru, CIP has continued research on prac-
tices that could lead to improved ficld
establishment and to increases in the aver-
age sizes of tubers produced by plants fron
transplanted TPS scedlings. Transplant-
ing seedlings to the ficld appears to be
one of the most feasible methods of TPS
usc, particularly in warm tropical areas.
In such areas, field practices used for
transplanting may not necessarily be the
same as those used when growing the crop
from tubers, but they may resemble those
used with other vegetables. Thus, pro-
duction in 1.5-m wide raised seedbeds in
which scedlings were transplanted into
transversal furrows at 0.60 m apart showed
great applicability and greatly improved
yields under San Ramon conditions. The
yields obtained by the raised-bed system
were significantly higher than those
obtained when the plants were trans-
planted on ridges. When the transplant
density in raised beds was doubled in the
dry season, yiclds were further improved.
A favorable tendency towards increase in
the proportion of marketable-sized tubers
(>3.5 cm diameter) was also noticed dur-
ing production in raised beds. This was
possibly due to the lower hilling in those
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plots, which would in turn reduce the
number of tubers and increase their size.

Planting seedlings at close spacing for
seedling tuber production has given, in
some progenies, problems with hilling-up.
Planting in rectangular patterns instead of
square patterns (maintaining the same plant
population) reduced hilling problems but
affected plant height and carly ground
cover by foliage. Planting in rectangular
patterus also reduced significantly the
number of 1-5 g tubers and total tuber
number, but not total tuber weight. This
suggests that maximum tuber production
from TPS in nursery beds would be
achicved from planting in square patterns.

Data from different plot sizes suggest
that for a reliable determination of differ-
ences in tuber number when evaluating
progenies, a plot size of 0.80 m” with 4
replications, or a plot size of 1.20 m* with
3 replications is required. For tuber yield
differences larger plots or more replica-
tions are needed.

In seedbeds, Rhizoctonia solani is one
of the major problems causing damping-
off. This year’s data confirmed control of
this disease by three soil fungicides:
Benomyl (Benlate 50WP at 4.0 g a.i. per
m?), Tolclofos methyl (Rizolex SOWP at
3.5 g a.i. per m*), and Dazomet (Basamid
98% at 30 g a.i. per m?). In warm arcas
of Peru, the R. solani Anastomosis group
AG-4 is predominant in potatoes. Results
indicate that the AG-4 group causes greater
seedling mortality at high temperatures than
the AG-3 group, i.c., the group normally
affecting potatoes in cooler, highland
conditions (Fig. 2).

Through on-farm research conducted in
the Mantaro Valley of Peru (3200 m),
where virus spread is relatively low and
therefore sced tubers can be maintained
in good sanitary condition for several field
multiplications, the performance of crops
propagated by transplanted seedlings or
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Figure 2. Seedling survival as affected by two

Anastomosis groups of R. solani in a cool {left)
and a warm (right) environms at.

tubers from TPS after one (G-1) and two
(G-2) field multiplications was compared
to a crop from seed tubers of the com-
mercial variety Yungay. The seedlings and
seed tubers G-1 and G-2 were from OP
seed of Yungay. No yicld reductions were
observed between generations G-1 and G-
2, and yields were similar to those obtained
with the varicty. The yield of transplanted
seedlings, although lower than the yield
when tubers were used for planting, rep-
resented a satisfactory value if this is con-
sidered as a method for producing seedling
tubers in the field for further propagation,

In Venezuela, an experiment was mads
to tzst whether growing TPS at high alti-
tudes (Paramos) for seedling tuber pro-
duction was feasible during December-
February when frosts of —3° to —5°C
arec common. Three treatments were used:
plastic cover with black stones to preserve
heat, cover without stones, and no cover.
The respective yields and numbers of
seedling tubers were 5.3 kg (805), 2.8 kg
(571), and 1.3 kg (185) from the three
treatments. The average temperature under

the plastic cover was 4.4° C higher than
the outside temperature.

The potential use ot TPS in Paraguay,
Brazil, Argentina, and Chile appears to
be limited to producing seedling tubers
for further propagation. During the 1985-
86 season, the National Agricultural Insti-
tute of Argentina (INTA) studied such
aspects as yield of seedling tubers, uni-
formity, color, and dormancy. Tuber uni-
formity was satisfactory, but yields per
unit area were low (100 to 300 tubers/m?)
compared with those obtained from other
countries  Sprouting, measured 180 days
after harvest, was considerably less in
progenies with Serrana than in those with
DTO as a parental clone.

In collaboration with Chile’s Austral
University (UACH) and the Institute of
Agricultural Research (INIA), several on-
farm trials using TPS were conducted,
including the effect of different cpacings
in the seedbeds (Table 4). Yields, number
of tubers, ind tuber size were extremely
good and comparable to those obtained at
CiIP, Lima. The variety of TPS used was
OP Desirée, which gives tubers segregat-
ing for red skin, the preferred color in the
Chilean markets. The interaction of seed
size (<35, 35-45, and >45 mm) with in-
row plant spacing over the range 15-40
¢m was tested with scedling tubers origi-
nating from OP Desirée. The large-sized
tubers planted at the normal 30-cm spac-
ing in the row produced the highest yields
and the largest proportion of commercial-
sized seed tubers. This research will be
continued by UACH with support from
the International Development Research
Centre (IDRC) of Canada.

Africa. In Egypt, the rescarch program
to 1efine appropriate techniques for the use
of TPS continued. When transplants were
compared with seedling tubers for the
production of cousumer potatoes, the
seedling tubers generally gave higher and
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Table 4. Yield and number of tubers/m? at four TPS sowing densities in seedbeds in two localities

in Chile, 1985-86.

San Juan Paucho

Average Average

Seeds/ Seeds/ Yield Tubers/ tuber Yield Tubers/ tuber

Spacing {cm) hill m?2 (kg/m2) m2 wt (g} (kg/m2) m2 wt {g)
8x15 1 833 1273 1056 12.06 6.56 770 8.52
8x3 1 416 11.09 750 14.80 7.97 445 17.91
8x8 4 625 1245 989 12.60 7.66 745 10.28
Broadcast 938 10.96 971 11.30 8.59 603 14.25

more reliable yields. The cost of prepar-
ing nursery substrates was reduced con-
siderably by replacing the mixture
containing expensive imported peat moss
by a well-rotted mixture of manure, wheat
straw, and sand.

Daylength in Egypt decreases irom 13
hours in August to 10 hours in December.
Thus, extcnsion of the daylength from
October to December resulted in more than
double the yield from nursery beds. Addi-
tionally, the use of plastic sheeting to raise
the temperature in the beds resulted in
improved seedling growth. Scedling tub-
crs harvested in December do not reach
their optimurn physiological stage for the
spring planting in February. The carly
breaking of secedling tuber dormancy by
chemicals such us gibberellic acid (GA;)
and thiourea accelerated emergence and
resulted in higher yields.

Research on TPS agronomy was also
carried out in Morocco at the Complcxe
Horticole (Agadir), in Senegal, at the
Center for Horticultural Development
(TDH), and in Tunisia. Increasing inter-
est in the use of TPS has come from
Cameroon, Equatorial Guinea, Togo, and
the Cape Verde Islands. In North and West
Africa, the schieme that appears most likely
to be adopted at higher latitudes is seed-
ling tuber production in the spring season,
storing the tubers at ambient temperatures
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in summer, and planting them for a sec-
ond crop later in the year.

In fall 1985 in Tunisia, marketable yields
of secdling tubers remained lower than
those for the variety Spunta, which yielded
over 23 t/ha, but the latter crop had been
obtained by planting large commercial-
sized seed tubers.

In Senegal, CDH evaluated the stora-
bility of scedling tubers and their subse-
quent performance in the field. Tubers were
kept either in diffused-light store (DLS)
or cold store, the latter treatment was
included because tubers must be stored
through the hot summer. DTO-33 OP (16.6
tha) and DTO-33 x R-128.6 (18.1 tha)
stored well in DLS, and yields were only
15% less than when kept in cold store.
However, Desirée OP seedling tubers did
not store well in DLS and yiclded between
26% and 42% less than those from cold
store.

In Rwanda. the sociocconomic aspects
of TPS use were examined in 19 on-farm
experiments  conducted in four com-
munes. The trials compared the use of
scedling tubers with traditional seed tu-
bers. On the average, crops from seedling
tubers yielded 25% higher than the tra-
ditional crop.

South Asia, Three arcas in Pakistan
were chosen to evaluate the potential of
TPS: Kalam (2300 m) and Hunza (2450



m) in North West Frontier Province, and
Quetta (1700 m) in Baluchistan. Initial
impressions are that seedling tuber pro-
duction in nursery beds would be adopted
by farmers easier than transplanting seed-
lings to the field. Seedlings were severely
affected after truasplanting by damping-
off. In trials with Desirée OP, the number
of seedling tubers produced was 320/m?
at Kalam and Hunza, and 750/m? at Quetta.
However, the mean tuber weight was |7,
14, and 8 g at Kalam, Hunza, and Quetta,
respectively. In an evaluation of ten hybrid
progeries from CIP and OP progenies of
Desirée and Kufri Sindhuri, five of the
hybrids gave more than 4 kg/ n*. Atzimba
x 7XY.1 gave the best yield with 348 tu-
bers of 22 g mean weight.

In India, several trials were conducted
on farms and at various institutions on the
use of TPS for scedling tuber production.
In five on-farm trials at Atghara, West
Bengal, farmers produced between 2.4 and
4.0 kg/m*, and two trials in Mandra (Cal-
cutta) yielded 1.6 and 3.3 kg/m*. On riv-
erbed soil at Deesa, Gujarat, five TPS
progenies gave between 1.4 and 5.6 kg/
m*; the best genotype was HPS-1/13. This
genotype and HPS-I/HI gave the best
yields of the five progenies at Pusa, Bihar,
averaging 2.1 kg/m* (521 wbers) and 2.¢

kg/m?® (752 tubers), respectively. The
resu'ts of these and similar trials are sum-
marized in Table §.

Experiments conducted by the Ban-
gladesh Agricultural Research Institute
(BARI) during the past three years have
demonstrated that TPS can be used as an
alternative technology for potato produc-
tion, and a number of promising TPS lines
have been identified. Further rescarch is
still needed to overcome the main prob-
lem of improving flowering of parental
clonzs for seed production. Under the
short-day conditions, additional artificial
light of 5 hours helps flower induction.
Thirty-four on-farm trials were conducted
by BAR{ in Munshiganj using the trans-
planting system (Table 6). Farmers in this
area do not use imported or improved seed
tubers and, since TPS progenies produced
about three times the yield of the local
variety Lal Pakri, there is potential for the
adoption of this technology. Some farm-
ers are already trying out TPS, but a regu-
lar supply of seed stili has 10 be organized.

Southeast Asia. Rescarch on the use of
TPS is only part of a more extensive pro-
gram to provide good planting materials
for resource-poor farmers of Southeast Asia
whe cannot afford expensive imported
sced. In Mindanao, Philippires, 20

Table 5. Seedling tuber production at five different locations in India during the Rabi season of

1985-86.

Yield (kg/m2) at five locations Avgrlz:jge

yie

Progeny Modipuram Chindvsara Deesa Pusa Pant Nagar (kg/m?2)
TPS-2 {OP) 3.04 2.00 1.37 0.61 0.65 153
MF-1 (OP) 3.92 3.53 3.92 1.10 0.72 2.64
HPS-1/1t1 4.1 4.04 5.27 2.05 0.79 3.25
HPS-1/13 (S) 4.43 - - - - -
HPS-1/13 (K) 4.44 5.16 5.56 212 1.08 3.67
HPS-11/111 411 3.44 2.74 0.85 - 2,79
CD (0.05) 0.75 - 1.08 - - -
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progenies were evaluated as transplants in
three experiments and yields of over 40
t/ha were obtained. Four superior proge-
nies were identified from the crosses Greta
X AVRDC-1287.19 and 381064.3 x
7XY.1, and these had uniform tuber shape,
good color, and earliness under the fonger
days of Mindanao (January-May). TPS of
these crosses was produced at CIP's
germplasm center at Sta. Lucia and sup-
plied to farmers of a local scoperative who
produced an average of 400 seedling tu-
bers/m? in nursery beds. Those weighing
less than 3 g (38%) were replanted in a
screenhouse to produce more tubers. The
first trial with these seedling tubers was

Table 6. Results of 34 on-farm trials with
TPS progenies and cornmercial varieties at Mun-
shiganj, Bangladesh {1985-86).

No. of
Progeny or times  Yield Range
variety included (t/ha) {t/ha)
AtzimbaxR-128.6 18 18.85 14.3-24.2
Serranax DTO-28 22 18.58 12.3-22.4
Serranax DTO-33 22 16.52 21.1-25.1
Dohazari {OP) 2 11.70 10.8-126
Patrones (tubers) 20 19.07 145-270
Lal Pakri {tubers) 17 597 3.4-8.7

planted in a farmer’s ficid in double-row
beds at a rate of 55,000 plants/ha. The
tubers were planted accerding to size, and
the smallest size only needed 200 kg seed/
ha. Yields varied between 32 and 44 t/ha
(Table 7). Over six tons of seedling tubers
have been stored and distributed within
the cooperative. This cooperative has been
able to develop a workable system of pro-
ducing planting material from TPS. How-
ever, there is still the problem of
developing a cropping systzm that is not
based on continuous forest ¢learance, and
of obtaining optimum yields with limited
fertilizer inputs. At present, CIP remains
the cooperative’s main supplicr of TPS.
Another area in the Philippines unable
to obtain good quality seed tubers is the
island of Negros where yields are only 6
to 10 tha. In late 1985, ten farmers were
supplied with TPS of progeny Greta x
AVRDC-1287.19. Seven farmers suc-
cessfully germinated the seed in small pots
made of leaves, transplanted the seedlings
in the field, and obtained yiclds of 7.5 to
15.2 t/ha even though typhoens and early
blight cut the growing season to only 70
days. The more successful growers stored
their produce in diffused-light stores
(DLS), and the subsequent crops planted

Table 7. Influence of seedling tuber size on the yield of the TPS progeny Greta « AVRDC-1 287.19,

Bukidnon, Mindanao.

Yield {t/ha) per se=d size

Seedling tuber Extra Total yield
size (g) large Large Medium Small Scramble {t/ha)
>25 5.0 14.5 139 8.4 29 44.8
15-25 5.9 13.5 15.0 8.6 1.8 449
10-15 5.3 13.0 16.0 7.2 1.7 43.6
5-1J 2.7 9.0 154 8.4 1.9 374
3-5 1.3 6.1 13.5 8.3 3.3 324
Cosima (50 g) 3.8 7.4 9.0 4.2 2.6 27.7
cV (%) 57 23 19 35 47 11
LSD (5%%0) 3.2 3.3 3.8 3.7 1.6 5.8
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in March 1986 yielded from 12.2 to 23.6
t/ha.

In Vietnam, over 20 kg of TPS seed
from open-pollinated Atzimba and CFK-
69-1 was collected in the highlands of Dalat
by the Food Crops Research Institute and
distributed to 35 cooperatives in the Red
River Delta. A total of 40 ha were suc-
cessfully transplar«ed with TPS and an
average of three million scedling tubers/
ha was produced. In the 1985-86 season,
the first commercial crops using seedling
tubers were grown. In comparison to cul-
tivars Ackersegen and Mariella, these crops
bulked just as rapidly and had better
resistance to late blight and viruses, with
yields ranging from 15 to 20 t/ha.

Farmers expressed satisfaction with the
technique of utilizing TPS for seedling
tuber production because storage losses
were only 15% to 20% and the small-
sized tubers required less space—an
important consideration. Another impor-
tant factor was the large numbers (20-30)
of small tubers produced per hill, with
60% weighing over 3 g. Yields were
always superior to variety Ackersegen by
at least 50%.

The progenies presently available in
Vietnam are extremely sensitive to short
cool days; they tuberize carly, limiting
canopy development and giving low yields.
The nine-month storage period for seed-
ling tubers is problematical and progenics
with longer dormancy periods are needed.

TPS production. To ensure TPS avail-
ability and extensive use in the tropics,
research on techniques for eificient large-
scale production of quality seed at low
cost is being emphasized. Important
progress was made on field practices that
could improve both the efficiency of TPS
production and seed quality.

Acquired knowledge is being applied
in large-scale TPS production in Osorno.
Chile, through a continuing contract with

the National Agricultural Research Insti-
tute (INIA). More than 12 kg of TPS of
seven selected hybrids were produced
under the long-day and ideal environmen-
tal conditions for production in that loca-
tion. ‘The TPS produced was distributed
to more than 50 countries. Trained plants
(Fig. 3) used for hybrid seed production
resulted in improved fruit set under the
adverse climatic conditions (wind and
heavy rain) during the pollination period.
Another important practice was the appli-
cation of supplemental nitrogen (N) dur-
ing the berry development period.
Supplemental N applications (in addition
to the 150 kg/ha applied at planting) in
three partial rates of 80 kg/ha to the female
parents during the seed development period
maximized TPS yield per berry and
increased the 100-TPS-weight.

TPS vigor, expressed as emergence rate
and carly growth rate of scedlings, was
also shown to be significantly enhanced
by N levels higher than those used in pro-
duction of tubers. The TPS produced by
mother plants that received half of the total
N rate at planting and the other half in
supplemental applications during TPS
development achicved faster emergence,
and seedlings were of higher weight at
increasing rates of N {up to a maximum
of 600 kg/ha). The TPS vigor at this rate,
indicated by the weight of seedlings
achicved 25 days after sowing, was
increased even turther when supplemental
N was divided into six applications as
compared o three.

In Peru, studies on berry load per plant
have shown that increasing the number of
berries per inflorescence from 2 or 3 to 6
or 9 berrics reduced average berry size
and 100-sced-weight. In one clone, CEX-
69-1, increasing the berry load per inflo-
rescence also reduced the number of seeds
and total seed weight per berry. The
decrcase in 100-seed-weight was due
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Figure 3. Production of hybrid TPS in Osorno, Chile,

mainly to a reduction of the fraction of

large seeds (- 1715, Increasing the berry
load increased the total seed production
per inflorescence in weight and number.

In six vaneties, TPS production in
inflorescences with 239 fruit set. accom-
plished by pruning flowers. was com-
pared with that of inflorescences with
maximum possible fruit set taround 8574,
More berries per infloreseence did not
reduce the average berry weight or the
pereentage of large berries 1 the varietics
Renacimiento and Serrana, In the other
foar varieties berry weight and pereentage
of lurge berries were reduced. but the total
production of large- and medium-sized
berries was increased. Tests conducted on
the seed indicated that position on the plant
and the size of the berry tfrom which the
seed was obtained did not affect TPS
quality.

To evaluate the feasibility of hvbrid TPS
production in wurm tropical environ-
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ments. a preliminary experiment was con-
ducted 1in San Ramon during the 1986 dry
scason. The seed that was produced ger-
minated well but production efticiency was
low. In Atzimba. the maximum berry set
ranged from 40% 1o 60% and in DTO-33
from 63% to 70%. Decreasing the num-
ber of berries per inflorescence by prun-
ing flowers showed litde effect on the
average berry weight. Berries developed
on sccondary inflorescences were smaller
and weighed Tess than those produced on
primary inforescences. although the ber-
rics matured on the plant for the same
period.

A prelinunary evaluation conducted in
Huancayo on the celationship between stem
density. berry size. and seed characteris-
tics showed that one-stem plants pro-
duced targer berries and farger and heavier
seed than three-stem plants. For further
studies on the effect of plant density on
flowering and TPS production. wbers of



the varieties Atzimba, Yungay, and Ren-
acimiento were planted at a distance of
15, 30 and 60 cm in the row and 150 cm
between rows, which resulted in high,
intermediate, and low stem densities.
Flowers of Atzimba and Yungay were
pollinated with R.128.6 pollen, whereas
flowers of Renacimiento were ieft to form
open-pollinated berries. Different plant-
ing distances did not affect the initiation
or length of the flowering period, but
higher plant density decreased the number
of inflorescences and flowers per plant. In
the varieties Yungay and Renacimiento,
fruit set decreased with increasing plant
density. Treatments with higher stem
density produced smaller berries and
smaller seeds. In Atzimba the total seed
production per unit area was not signifi-
cantly different for the three density treat-
ments. The largest production of seed was
obtained from the intermediate stem den-
sity in the variety Yungzy and from the
high stem density in the variety Renaci-
miento.

Greater understanding of TPS dor-
mancy has prompted research to develop
a practical method to overcome this prob-
lem in TPS use. Dormancy not only
imposes limitations due to the need of using
GA;, which is difficult to obtain in devel-
oping countries, but also the use of GA,
was demonstrated to adversely affect vigor
and uniformity during early seedling
establishment. TPS of progenies pro-
duced and handled in the same way have
shown different speeds of germination. In
experiments with freshly extracted TPS of
two hybrid progenies produced and han-
dled similarly, about 70% of the seedling
emergence was achieved only three days
after sowing Atzimba x DTO-28 seed; the
other progeny, Serrana x DTO-28, showed
slower and irregular emergence (Fig. 4).

In environments that limit flowering and
fruit setting, such as in San Ramon and

Emergence (%)
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80

60}

a0f

20

Serrana Atzimba

x X
DTO-28 DTO-28

Figure 4. Scedling emergence in two progenies
three days after sowing TPS without gibberellic
acid.

Lima, experiments have continued on
methods for improving TPS production
=fficiency. Studies included the use of
growth regulators and environmental fac-
tors (light intensity and duration) in rela-
tion to the flowering/berry setting and
pollen fertility response.

Increased berry maturitv was found to
enhance the speed of emergence of TPS
seedlings and hence their successful field
establishment. Seedling emergence three
days after sowing the TPS from berries
that matured on the plant for 11 weeks
was approximately 70% higher than that
of TPS from berries that matured seven
weeks prior to harvest. Stored TPS treated
with GA; were of lower vigor than
untreated seed.

Seed stored dry (2-5% moisture con-
tent) has also shown improved emergence
rate when compared to seed stored in
ambient humidity conditions but at the
same (5°-10° C) temperature (Fig. 5). In
another experiment, the optimal temper-
ature for drying TPS of Atzimba x DTO-
28, with respect to speed of seedling
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Figure 5. Effect of type of storage conditions
on emergence of TPS (Atzimba x R-128.6).

emergence, was found to be approxi-
mately 20° C.

PRODUCTION COSTS OF TPS

For a second consecutive year, a coop-
erative project between CIP and INIA was
established for producing large quantitics
of TPS for distribution. The project was
carried out at INIA's Remchue cxperi-
mental station at Osorno in the southern
part of Chile. Production costs of four TPS
progenics were calculated: Atzimba x
DTO-28, Atzimba x R-128.6, Serrana x
DTO-28, and Serrana x LT-7. According
to this year’s results, the average proditc-
tion cost per kilogram of TPS produced
(including data from all progenies) was
US$149 when cmasculation was per-
formed. Costs varied from US3$128 for
Serrana x DTO-28, the most efficient
combination in fruit sctting, up to US$188
for Serrana x LT-7. Of the total produc-
tion costs, emasculation accounted for
33%, pollination 22%, and seed extrac-
tion and processing 19%. Due to the
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experimental nature of the TPS produc-
tion process, technical management is the
most expensive input. As more experi-
ence is gained on production practices,
costs will be reduced through a substan-
tial increment of labor and management
productivity.

SEED TUBER PROPAGATION

Latin America. Different methods of
potato propagation were evaluated under
summer conditions in CIP’s experimental
stations at San Ramon and Lima. The
project aimed to improve seed technology
components that could be used for devel-
oping self- sustaining potato production
systems in warm environments. Growth
readings for different planting materials
with respect to early canopy development
and ground cover confirmed previous
findings of earlier ficld establishment of
plants derived from tubers, followed by
transplanted rooted cuttings and trans-
planted TPS scedlings. Rooted cuttings
have shown a marked tendency to pro-
duce a lower number of tubers (Fig. 6),
a condition that needs further attention
when higher multiplication rates are
desirable. This tendency did not vary with
mother-plant age or by cxtending day-

Table 8. Yield (g/hill) obtained in a warm loca-
tion {San Ramon, Peru) by using various plant-
ing materials produced either in cool or warm
environments.

Production

environment
Planting material Cool Warm
Seed tubers 511.5 287.3
Tubers from cuttings 423.6 299.7
Seedling tubers 501.3 354.4
Transp!anted seedlings - 419.0
F-Test (P = 0.05) *s "o




length. The yield from tubers derived from
the three types of planting materials grown
in either varm or cool climates was influ-
enced by the conditions under which they
were prodiced (Table 8). When tubers
were produced and used in warm areas
they yielded 29% to 44% less than those
produced in cool and later planted in warm
areas.

Practices developed for seedling tuber
production in nursery beds have shown
great applicability for seed tuber produc-

tion with delicate propagating materials
such as micropropagated plantlets and
¢mall tubers produced in vitro. In beds of
peat moss and sand, in vitro plants have
shown survival rates of 95%, and small
tubers of less than I g showed emergence
close to 100%. Growth and multiplication
rate of plants from various methods of
propagation showed that those from in vitro
plantlets exhibited slower early growth than
those from in vitro tubers, and produced
more tubers per stem and per unit planted.

Figure 6. Tubers produced by rooted cuttings transplanted into
nursery beds at a high density of 66 cuttings/m2,
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Early plant vigor and ground cover were
least in plots with in vitro plantlets. In
vitro plantlets produced more tubers per
unit area, especially of smaller sizes, than
in vitro tubers. The ratio of total number
of tubers harvested to number of units
planted was highest in in-vitro plants. The
highest yields and multiplication rates were
obtained at 48 plantsim®.

In another experiment, the per-
formznce of different seed tuber sizes (1-
3. 5-10, 10-20, and 40-60 g) was com-
pared, based on the same sprout density
to give similar stem densities. Results
indicated that with increasing seed tuber
size, faster ground cover by foliage was
achieved. Although tuber yield per unit
area was greater in plants from larger seed
tubers, tuber yields per stem in plants from
5-10 g, 10-20 g. and 40-60 g seed tubers
were similar, but significantly greater than
those in plants from 1-5 g tubers. Tuber
number per stem was lower in plants from
larger seed tubers, presumably due to the
greater degree of clumping of stems caus-
ing increased stem ¢.mpetition.

The progran to produce pre-basic seed
for Peru, financed by the Swiss Devel-
opment Corporation, now has a total of 4
ha at five sites: Huancayo, Ayacucho,
Cuzco, Puno, and Cajamarca. Production
in 1986 from 0.4 ha at Cuzco alone
exceeded 8.5 t from tubers and cuttings.
Basic seed derived from the above totalled
more than 850 t frony 12 regional centers.
Nontechnical problems that need to be
solved are insufficient funds at regional
stations for basic seed multinlication and
a lack of infrastructure such as storage
facilities. In the 1986-87 scason, further
efforts will be made to improve the num-
ber and quality of seed producers han-
dling the later stages of muitiplication.

Socioeconomic studies were made to
detine actual production costs of the Peru-
vian basic seed program. The internal rate
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of return (IRR), i.e. the average rate of
interest at which the project might be
expected to repay the investment, was
found to be 50% when seed is produced
from in vitro plantlets. When only stem
cuttings were used the IRR was 24%.

The Peruvian national potato program,
in collaboration with the extension service
of INIPA, harvested over 50 on-farm trials
to measure the agroeconomic retumns from
the high quality seed produced by the pro-
gram. Analysis of the data from 29 of the
trials showed that improved sced (30.1
Vha) gave significantly more yield than
farmers™ sced (26.0 vha). There was a
slight price advantage of the improved seed
crop as the percentage of higher priced
grades was greater. Partial budget analy-
sis showed that 22% of the trials had a
negative net benetit, in 19% the rate of
return was 0 to 1.5 and in 59% it was
above 1.5.

Among the additional information
gathered from the trials, it was noted that,
on the average. furmers renew their seed
every seven years. Only 21% of this seed
had been originally obtained from seed
growers. A major factor complicating the
study was that the basic seed had been
stored in DLS. whereas the farmers’ seed
was stored mostly in the dark, and, there-
fore, both virus infection and storage con-
ditions would have affected the yields.
Three on-farm trials were laid out to sepa-
rate these cffects; virus infection accounted
for only one fourth of the yicla differ-
ence, the rest being due to storage con-
ditions and general handling of the seed.,
However, in a separate experiment study-
ing the reactions of the variety Yungay
under three levels of fertilization and virus
infection, it appeared that virus infection
limited the response of Yungay to higher
fertility.

In Paraguay, a new technical collabo-
ration project was started in 1985 with the



Ministry of Agriculture and selected
farmers. In 1986 the first demonstration
crops of potatoes grown from seed pro-
duced in Uruguay and Argentina werc
harvested. The seed of varieties Baraka,
Crystal, Famosa, and Hertha had been
stored for cleven months in a cold store

before planting, but still gave yields of

16-21 t/ha. The results impressed farmers
who normally plant discased sced pota-
toes purchased from the Jecal market.

Central and Nerth Africa. A new
strategy s being pursued in Burundi 1
protect sced at the main sced farm at
Mwokora from becoming infected with
bacterial wilt. At Gisozi, varieties are
maintained in vitro and multiplied in
screenhouses before being sent to the seed
farm at Munanira, where conditions favor
the expression of wilt symptoms in the
field, thus facilitating roguing. Sced will
then be multiplied once or twice at Mwo-
kora for distribution to other projects. Two
varieties, Sangema and Kinigi. are being
withdrawn from the seed program due to
extreme late blight susceptibility. Field
crops continue to be sereened for potato
leafroll virus (PLRV}) and PVY by ELISA
tests and have been found entirely free
from both diseases; however, viruses PVX
and PVS are known to be present in the
ficld and methods for reducing these are
being investigated.

At Mwokora, 8 ha were planted for sced
production for two consecutive seasons.
Less than 2% off-types and discased plants
were climinated,  although  subsequent
serological examination showed a heavy
latent infection by bacterial wili in the
variety Kinigi.

Farmers find it difficult o obtain
improved seed ior the dry season in the
valley bottoms, which is probably the most
important crop in Burundi. This is because
the crop is sold as consumer potatoes due
to heavy bacterial wilt infestation that

makes it impossible to retain seed for a
second crop. Two demonstrations (1.5 ha)
of producing cheap secd were made on a
tca estate by planting potz ses in Septem-
ber and harvesting in February prior to
replanting tea. Minimum inputs were used,
but all direct costs were covered by the
value of the seed produced. A further 4
ha were planted in September 1986 to
confirm these results and to demonsirate
this method to other projects. A similar
demonstration on a peat-cutting project
during the dry scason produced quality
seed tubers with no sign of bacterial wilt
or nematode infestation, as the land is
completely flooded for nine months of the
year,

Farmers in Egypt need good quality sced
for spring and autumn plantings. In a ser-
ies of experiments, imported seed was
compared with once-grown local seed of
imported varieties and seedling tubers of
Atzimba x R-128.6. In general, the once-
grown imported seed pave slightly better
yields (26.4 vha) in autumn than cither
the farmers™ own seed (24.7 vha) or seed-
ling tubers (24.1 vha). In the spring, a
comparison was made of newly imported
and locally multiplied seed of five vari-
cties. Newly imported seed gave an aver-
age of 3 to 5 tons higher yield. The main
problem with locally produced seed in
Egypt for the spring crop is that it is phys-
iologically young, since it is harvested only
three months before planting,

South Asia. The Bhutanese national
potato program continued its program for
improved production of pre-basic, basic.
and foundation seed. At Phubjikha, 123
tons of seed of CIP clones in these three
categories were produced in screenhouses
and in the field for distribution to regis-
tered sced growers. During 1986, regis-
tered growers produced 670 tons of
certified grade seed which was distributed
to commercial growers. At the rates of
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multiplication presently being obtained in
the pre-basic and basic stages, there should
be sufficient quantities of improved seed
for planting the total potato area of 10,000
ha every four years.

In Bangladesh, development of the basic
seed production scheme continued at the
northern seed farm of Debiganj. Four
stages of clonal selection and multiplica-
tion have been organized on 14 ha. In the
1985-86 season, 107 t of seed potatoes
were produced from 12 different varicties
and clones. The Bangladesh Agricultural
Development Corporation distributed 43
1 to contract growers for further multipli-
cation and small tonnages were supplied
to other collaborating institutions.

Southeast Asia. In the Philippines and
in several other countries of the region,
methods are being developed to produce
seed and consumer potatoes directly from
cuttings. Although the use of cuttings for
rapid multiplication of basic seed is well
established throughout Southeast Asia ai
the experimental station level, its use by
farmers is determined by local conditions.
The use of sprout cuttings in Vietnam is
an example of the savings that can be made
in the cost of seed tubers through planting
only 15% of the normal seed rate. Cut-
tings arc used successfully by farmers in
the Philippinc highlands but managenient
of mother plants is a problem in that arca.

YIELD REDUCTION BY VIRUSES

Latin America. In studics on the effect
on yields of the common viruses found in
the highlands of Peru. no reduction in yicld
could be found in plants infected with PVS,
PVX, APMV, or APLV, nor combina-
tions of these viruses. However, PVY and
PLRYV reduced yields significantly, as did
combined infection with PVX and PVY.
There was no evidence that healthy plants
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adjacent to discased plants compensated
for the lack of competition. Since Andean
varietics in general have long stolons it is
suspected that some of the tubers appar-
ently karvested in the root zone of infected
plants were actually produced by adjacent
healthy plants.

In a study being conducted in Uruguay
on yield reduction in a crop with 50%
plants infected with PLRV, yield per plant
was slightly lower in 1986 than in the
previous year, but the reduction of yield
from discased plants was even greater (84%
in 1986 vs. 66% in 1985). The mean yield
of adjacent healthy and discased plants
was used to indicate the overall loss in
the tield; 37% in 1986 and 23% in 1985.
Yicld compensation by healthy plants
amounted to only 10% compared with 21%
in 1985.

TRAINING

The importance of seed production pro-
grams in developing countries has been
demonstrated by the continuing requests
for CIP’s assistance with training courses.
CIF responded to these requests in 1986
by collaborating with national programs
and the Southeast Asian country network
SAPPRAD in eight regional and in-coun-
try courses: three in South America, three
in Africa, and two in Asia. Most national
programs now have a strong commitment
to training, and 80% of the instructors for
these courses have been from national
potato programs.

The use of rapid multiplication tech-
niques in basic sced programs and for the
commercial production of rooted planting
materials received attention through indi-
vidual training of 15 scientists, 10 of whom
were trained at CIP’s Regional Germ-
plasm Distribution Center at Sta. Lucia in
the Philippines. These ten, including six
scientists from Vietnam, were also trained



in TPS agronomy. I~ Vietnam, where there  on TPS in Africa was held in Kenya and
is an increase in tk. .creage of crops grown Rwanda, and four scientists from East and
from TPS, an in-country course was Central Africa also received individual
attended by 40 participants. The first course training.
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THRUST X

Potato and Sweet Potato in Food Systems

Acomputerizcd Root Crop Daia Bank, containing up-to-date production
and use statistics, has been established at CIP, and an analysis of potato
and sweet potato production trends has begun. During 1986 the International
Potato Reference Files were expanded to include information on 103 coun-
tries. Farming systems surveys were carried out in Bhutan and Peru. In
Bhutan, where the potato crop is expanding rapidly, sced growers are reach-
ing the limit of potato-growing land in the recommended three-year rotation
plan. In Peru, where potatocs are the principal highland crop, fallow systems
and fertilization methods were studied. Results from Peru could be applicable
in other highland arcas such as the Himalayas. In Peru and Bhutan, most
commercial farmers plant their land with two or three main potato varieties.
Older varieties, valued for their culinary quality and storability, are grown
on a small scale mainly for home consumption.

A Rwanda study indicated the value of decentralizing varictal testing and
maintaining genetic diversity at the farm level. Applied research in Central
P'2ru showed the feasibility of actively involving small farmers in sced pro-
duction and distribution schemes. A study revealed that farmers used true
potato seed as a source of disease-free initial seed stock and kept tubers for
seed up to eight generations. Marketing surveys in Central Africa revealed
that farmers there sell less than half their output. In Zaire, due to high
transport costs and marketing margins, farmers receive less than 10% of the
price consumers pay in Kinshasa. A study in Bangladesh showed that farmers
sell about 75% of their harvest and receive between 50% and 60% of the
retail price.

Potato programs were assessed in Tunisia, South Korea. and the Philip-
pines to document the costs and benefits of successful programs and to learn
how these and other programs may be improved in the future. Country-level
studies were conducted jointly with national institutions on: farming systems,
adoption of new technologies, farmer participation in seed systems, market-
ing, demand and performance of potato programs. Options have been dis-
cussed with appropriate governmental officials for improving potato production,
marketing, and the performance of national programs.

This child in China is carrying home sweet potato foliage
as a valuable source of nutrition for the family's livestock. 165



PATTERNS AND TRENDS IN ROOT
CROP PRODUCTION

Root crop data bavk. A computerized
bank has been established with national
level data on production and use of pota-
loes, sweet potatoes, cassava, yams, and
cocoyams and to lay the groundwork for
several statistical scrial publications. A
computerized data base has been estab-
lished for statistics obtained from FAQ's
Basic Data Unit for all countrics and
regions of the world. Annual statistics are
included for the period 1961-1985. Var-

A.
Index 1961/63 = 100

iables include population, GNP per cap-
ita, total food production, total cropland
area, and the area, production, yield, and
farm-gaie prices of all root crops. Food
balance shect statistics on the diverse
sources and uses of cach root crop have
also been included fo: selected years. These
include production, imports. cxports, net
change in stocks, total domestic availa-
bility, and use for feed, sced, industry,
and food. Initial data processing has been
completed for potatoes and sweet pota-
toes.
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Figure 1. World trends in {A) potato and (B) sweet potato produc-

tion, 1961-1985,
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Since the early 1960s, potato produc-
tion has tripled in developing countries,
but has remained about constant in devel-
oped countries (Fig. 1A). Potato produc-
tion continues to increase rapidly in most
of Africa and Asia, with a slower increase
in Latin America. China and India are the
largest potato-producing countries in the
developing world. China produces neariy
60% of the developing regions’ potatoes,
whereas other Asian and Middle Eastern
countries produce about 25%, Latin
America is just under 15%, and Africa
less than 5% (Table 1). Annual potato
production averages 175 kg per head in
developed countries compared 10 only 25
kg per head in developing regions. Most
of the potatoes in developed countries are
used for livestock feed or are processed,
whereas in developing countries most are
consumed fresh. Since the early 1960s,
production per head has dropped about
one quarter in the developed countries,
but has increased by 80% in the devel-
oping regions.

World sweet potato  productior  has
remained relatively constant since the

1960s (Fig. 1B). Production has fallen by
about 70% in developed countries and
increased by about 20% in developing
regions. About 80% of the world's sweet
potatoes are grown in China (Fig. 2) and
virtually all (98%) are grown in devel-
oping countries (Table 2). Hence, world
trends in sweet potato production and use
arc dominated by trends in China. Among
the developing regions, other Asian coun-
tries account for about 6% of production,
Africa for 5%, and Latin America 2%.
Annual sweet potato production per head
averages only 2 kg in the developed coun-
trics versus 32 kg in developing coun-
trics. China’s per capita production is about
90 kg, while in all other developing coun-
tries it averages less than 10 kg. Some
countries, however, iacluding the Solo-
mon Islands, Tonga, Rwanda, Burundi,
Papua New Guinea, and Uganda, report
annual production of over 100 kg per head.

International Potato Reference Files.
During 1986, information on six addi-
tional countries was acquired for the files,
bringing the total to 103. The Interna-
tional Potato Reference Files have been

Table 1. World potato production, area, yield, and production per capita for 1983-85 and percent
change in these variables from 1961-63 to 1983-85.

Average 1983-85

Percent change
1961-63 to 1983-85

Produc-
Produc-  tion/ Produc-

Area Yield tion capita Produc- tion/
Region (000 ha) (t/ha) (00O {kg) Area Yield tion capita
World 20,333 14.7 299,446 63 —-14 31 13 -25
Africa 741 8.3 6,185 1 159 14 194 60
Asia 5894 127 74,939 27 48 114 217 100
Europe 5,298 20.0 106,151 216 —-41 26 -25 -34
Oceania 49 254 1,243 51 -6 67 57 7
North/Central America 744 277 20,639 52 -0 36 36 -4
South America 893 11.0 9,814 37 -7 58 47 -13
All developing countries 7421 11.8 87,324 25 48 105 203 83
All developed countries 12,912 164 212,122 176 -31 29 -10 —26
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Figure 2. Ten largest potato and sweet potato producing countries in

the developing world, 1981-1983.

expanded to accommodate sweet potato
and a few entries have now been made.
At an international CGIAR-FAO confer-
ence in Rome on agroecological charac-
terization and mapping, information was
acquired cn programs, cartography needs,
and types of data basc analysis needed for
optimal exploitation of information in the
files. Regional studies on Yurimaguas,
Canete, and Chanchamayo (San Ramon)
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in Peru have been prepared for publica-
tion.

POTATO FARMING SYSTEMS

Bhutan. A study of the potato in the
farming system of Bhumthang District was
conducted as part of a 1986 evaluation of
the Bhutan national potato program. Pota-
toes are a rapidly expanding crop in Bhu-



Table 2. World sweet potato production, area, yield, and production per capita for 1983-85 and
percent change in these variables from 1961-63 to 1983-86.

Average 1983-85

Percent change

1961-63 to 1983-85

Produc-
Produc-  tion/ Produc-
Area Yield tion capita Produc- tion/
Region (000 ha) (t/ha) (000t) {kg) Area Yield tion capita
World 7,998 143 114,185 24 -33 70 13 —-25
Africa 1,094 5.6 6,100 11 69 5 78 =3
Asia 6,413 16.3 104,603 38 -41 89 —44 =51
Europe 10 111 108 0 —44 1 —44 -51
Oceania 116 4.8 560 23 35 12 52 3
North/Central America 213 6.8 1,442 4 1 -1 10 -23
South America 153 9.0 1,371 5 -32 =7 -37 -63
All developing countries 7,867 14.2 111,979 32 =32 76 20 -27
All developed countries 131 16.8 2,206 2 -70 -2 -70 -76
tan and government authorities are Figure 3 illustrates the cropping pattern

becoming concerned that farmers are not
practicing a three-year rotation, since
farmers are planting more and more of
their land to potato. A survey of 73 farm-
ers in Bhumthang District was undertaken

to explore present cropping patterns.

of the land under cultivation for Bhutan's
five main crops. It does not include land
that is fallow, in pasture, or under other
crops such as maize and mustard. Pota-
toes, wheat, and bitter buckwheat each

occupy approximately one fourth of the

Potatoes
{259/0)

Wheat
(2490}

Bitter buckwheat
{269/0)

____ Bariey
{(99%0)

Sweet buckwheat
(16900}

Figure 3. Cropping pattern in Bhumtang District, Bhutan, 1986.
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cultivated areas, followed by sweet buck-
wheat and barley. This illustrates the
great importance potatoes nov have in
Bhumthang’s cropping system.

The survey data were analyzed to com-
pare seed prcgram and nonprogram grow-
ers. Seed growers have approximately 30%
of their land planted to potato and sow
less wheat and barley than nonprogram
growers. There is little difference between
seed growers and nonprogram growers in
the percentages of land sown to bitter and
sweet buckwheat (43% in each case). Seed
growers are beginning to reach the max-

imum land area that can be planted to
potato under 2 threc-year rotation plan. A
recommendation was made by the eval-
uation mission that future research should
be undertaken on proper rotations and
alternative cash crops.

Peru. In addition to an in-depth study
of potato systems in the highland Peru-
vian community of Marcapata (reported
in Ann. Rep. 1985), a comparative study
was also conducted in several regions of
the southern Central Andes to character-
ize the Andean potato farming system and
technological change. An important and

This farm family in the Peruvian highlands near Cusco
are preparing their land for a potato crop, using an
Andean foot plow (chaquitaclla).
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Tabls 3. Results of soil surveys for the Marcapata Valley and Titicaca high plateau, Peru, 1984 ..

. Valley High plateau
Min. level Marcapata Series? Titicaca Series®

for growing _ [ With
Variable potato A B o] D dungb
Depth (cm) 0-20 0-20 0-20 0-20 0-20
NO3NC (mg/100 g) 10.0 2.0 <2.0 4.0 <1.0 25,0
P,05 (mg/100 g) 5.0 2.0 25 10.0 2.8 20.0
K50 (mg/100 g} 5.0 0.0 0.0 0.0 3.0 15.0
Ca0 (mg/100 g} 156.0 <70 <70 100 150 150

%Note: A and B = fields fallowed for four years; C = field fallowed for eight years; D = field fal-

lowed for three years.
bFertilized with dung using movable corral.

little-studied aspect of the farming system
is a fallow system associated with potato
cultivation. This fallow system is the most
pervasive form of land managernent in the
Andean highlands and is considered to be
an important means for effective recovery
and maintenance of soil quality.

Preliminary analyses of soil samples
from Marcapata and the Lake Titicaca re-
gions indicated that fallowing did not sig-
nificantly increase soil fertility (Table 3).

The use of animal dung as fertilizer is
critically important for most potato pro-
ducers, not only in the Andes but in other
highland areas such as the Himalayas.
Therefore, farm-level fertilizing methods
as well as fallow systems practiced by
Andean farmers should be studied and
analyzed. Fertilization using movable
corrals could be an appropriate technique
for agropastoralists in highland areas
throughout the developing world. Farm-
ers using this method keep their sheep at
night in movable corrals in fallowed fieids
that will later be planted with potatoes.
In the Andes, these corrals are about
10 m? and are moved from place to place
every few days. Thus, in the course of
one year, the potato field will be inten-
sively fertilized with animal urine as well
as dung,

ADOPTION OF NEW TECHNOLOGIES

Potato varieties in Peru and Bhutan.
Farm-level adoption of potato varieties was
investimated in Peru and Bhutan in 1986.
In Pe- ., 159 farmers were interviewed in
several regions, while in Bhutan 73 were
surveyed in the Bhumtang District.
Although both countries possess high
mountain ecologies, they represent con-
trasting types of potato production sys-
tems. Peru has thousands of native and
improved varieties grown in complex pro-
duction systems, while Bhutan is only now
expanding its production with a few Euro-
pean varieties introduced over the past two
decades. In the Peruvian highland areas
the potato is a staple food crop but in
Bhutan it is considered a vegetable. In
both countries, commercial production is
expanding rapidly and the need for
improved potato technology is great. In
Bhutan, potatoes are the key crop in gen-
erating a transformation from a sub-
sistence to a cash ecocnomy in the rural
sector.

Although Peruvian farmers have access
to a far greater number of potato varieties
than the Bhutanese, they still put inost of
their land in two or threc main varieties
if production is for the market. in both
countries, local or older varieties are
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valued for their culinary quality and stora-
bility and are planted in small stands or
kitchen gardens. Due to higher yields and
disease resistances, improved varicties are
grown for the market. Despite their reli-
ance on a few varieties, both Peruvian
and Bhutanese fanmers constantly seek and
experiment with new varieties. The farm-
er’s inierest in, and aacotion of, varieties
is not always ir accordane with the vari-
eties being supported by tt e national seed
programs; for example, the variety being
promoted by Bhutan's <zed program, Kufri
Jyoti, is not in as much demand as the
varieties Desirée or Maritta.

Potato varieties in Rwanda. Two
dozen local cultivars collected from farm-
ers and planted at the Rwandese experi-
ment station at Ruheageri (1850 m) were
harvested in March 1986. These local
varieties, as well as others previously har-
vested on the research station, were then
planted in on-station late blight trials. Data
from a survey of 186 potato farmers in
four agroecological zones are being ana-

-
LRSS,

lyzed. On the basis of this work, the fol-
lowing recommendations were presented
to the national potato program (PNAP)
and to the Institute of Agronomic Sci-
ences (ISAR).
® It would be cesirable to increase
decentralization of potato germ-
plasm screening in order to include
sites in more of the important potato
production zones (particularly the
lateritic soil, the zone of the Bube-
ruka highlands, or the forest soils of
the Zaire-Nile Crest),
® It would be important for cxtension
and training efforts to emphasize the
need for varietal diversity to counter
the trends toward specialization in one
or two commercially popular vari-
eties with declining late blight resist-

ance.

® It is necessary to give greater
emphasis in the germplasm screen-
ing program to cultivars with shorter
vegetative cycles and shorter dor-
mancies.

Peruvian highlanders maintain several potato varieties for their preferred culinary
qualities, storability, and adaptation to local growing conditions.
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Table 4. Results of seed diffusion trials in the central highlands of Peru, 1985-86.

Amount

Amount
Farmar Altitude planted harvested Yield
jocation {m) Variety (kg (kg) {t/ha)
La Libertad 3700 Mariva 200 1356 17
Chiche 3760 Mariva 146 1358 20
Chiche 3820 Mariva 200 1225 18
Jarpa 3780 Yungay 200 1010 9
Cauquian 3900 Perricholi 200 1127 16
Palcomayo 3500 Tomasa Condemayta 150 1112 25
Shacamarca 3850 Tomasa Condemayta 50 715 25
Ulcumayo 3860 Perrichali 100 914 22
Ulcumayo 3880 Perricholi 140 2593 30
Ulcumayo 3880 Mariva 100 2112 45
Acopalca 3660 Perricholi 200 1895 2
Cochambra 3350 Parricholi 200 1651 17

® It would be desirable to develop
additional means of distributing seed
of the new varieries released by
PNAP.

True potato seed use in China. A
survey on farmer acceptance of true potato
seed (TPS) was conducted in Southwest
China where approximately 14,000 ha of
potatoes are grown from TPS and its sub-
sequent tuber generations. This figure
includes 23 ha from TPS transplants and
the remainder are tubers going up to the
eighth generation. It was found that most
farmers do mass selection by grouping
tubers according to similar shape and color
and multiply these as a unit. All farmers
surveyed expressed an intercst in contin-
uing the use of TPS; their major problem,
however, is the supply of good quality
TPS with a high germination rate.

SMALL FARMER PARTICIPATION IN
NATIONAL SEED PROGRAMS

Research in Peru’s central highlands has
explored the potential of small farmers and
communities for producing high quality

seed and has studied possible mcans of
linking the existing informal seed systems
of the small farmer with formal seed pro-
grams,

Results of 12 trials in 1986 indicate an
untapped potential of small farmers and
communities for seed production. As Table
4 shows, overall yields were good, espe-
cially when compared with the averages
for the region. The notably poor result in
the community of Jarpa was due to severe
attack of the Andean tuber weevil (Prem-
notrypes suturicallus), hail, and a low level
of community enthusiasm. This site was
chosen for negative reasons, i.e., not for
the presence of existing seed flows but for
the shortage of sced and farmers’ practice
of obtaining poor quality seed tubers from
a distant market. It is mainly a livestock
zone with potatoes grown for subsistence
consumption. A different strategy may be
necessary in such areas.

The transfer of knowledge about seed
has also been generally encouraging. Use
of diffused light for seed storage has been
taken up in 6 of the 12 experimental sites.
Because of high altitudes and planting
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schedules it was net appropriate in some
of the other sites. There is a high level of
enthusiasm for continuing sced multipli-
cations with the same variety and also for
obtaining new varieties. In only 2 of the
12 sites, some seed was sold as consumer
potatoes. In one of these, the farmer failed
to understand the value of the seed; even
though he achieved one of the highest
yields, he was worried that the variety
would not sell as “‘colored’” potato for
the higher price. In the other site a family
member who had not been directly
involved in the experiment sold the seed.

Itis still too carly to evaluate the poten-
tial of this approach for diffusing seed
through existing informal channels. Dis-
tribution this year was limited to exchange
within communities, as was expected and
intendea. 1n all sites the community itself
has maintained part of the seed for further
multiplication. At the time of writing, eight
cooperating farmers had sold, loaned,
bartered, or given the seed to a further 34
farming families, with exchanges for the
coming planting season still taking place.
This is a slightly lower level than expected,
partly becausc some farmers failed to pur-
sue traditional diffusion practices with a
nontraditional, high-value seed. Also,
demand may have been limited by the lack
of communication concerning the quality
of the new seed.

MARKETING AND DEMAND

Marketing surveys for Central Africa
(Burundi, Rwanda, and Zaire) and Bang-
ladesh were completed during 1986.
Central Africa. The total area planted
to potato in the three African countries is
around 90,000 ha. About half uf this total
is in Rwanda where the arca planted dou-
bled in the last ten years. In Zaire, the
area planted increased from 13,500 ha in
1973-74 to 35,000 ha in 1983-84. The
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average per capita potato consumption in
Rwanda has nearly doubled in the last ten
years to about 50 kg. In Burundi and Zaire,
potato consumption is more widespread
than previously belicved, although the
average per capita consumption levels
remain modest (about 2 kg/year in Burundi,
and 4 kg/year in Zaire).

Growers in Burun”., Rwanda, and Zaire
sell approximately 10%, 45%, and 25%
of their potato production, respectively.
Potato sales are an important source of
cash income for potato producers in ail of
these countries. Growers receive about
40% of the retail price in Burundi and
Rwanda, and in Zaire they receive less
than 10% of the price paid by consumers
in the capital of Kinshasa. This reflects
the small volume sold, high marketing
costs, and risks and the extended market-
ing chain.

Recommendations have been made
available to national program leaders in
each of these countries. Common themes
include the importance of sustaining
increases in potato production to feed
expanding rural populations, as well as
the need for applied research and exten-
sion to improve potato marketing and to
promote greater urban consumption.

Bangladesh. Potato production
increased in Bangladesh from 759,000 tons
in 1973 to over 1.1 million tons in 1985,
and the arca planted expanded by 20,000
ha. Yields increased modestly from 9.6
tha to 10.0 t/ha. Principal contributing
factors to the growth in production have
been the availability of imported, high
yielding varieties, growth in cold storage
capacity, an cffective seed multiplication
program, and an expanding rural and urban
demand for food. The average per capita
potato consumption in Bangladesh is about
15 kg. This represents a 200% increase
since the mid-1970s and reflects the desire
for a more diversified diet, increased



In Rwanda, potatoes are often hawled over long distances to urban
markets in specially made baskets.

availability of potatoes on a year-round
basis, and a sharp decline in the relative
price of potato versus other foods.

Growers sell about 75% of the potatoes
they produce, with a minimum of exports.
Instead. the bulk of the potatoes are sold
in local, rural marketing channels. Despite
the rise in current wholesale prices for
potatoes, average monthly wholesale prices
in real terms (current prices deflated by
the index of wholesale food prices) were
50% lower in 1982-84 than a decade car-
lier. Seasonal price fluctuations have also
declined. Nevertheless, the expansion in
cold storage capacity-—by over 200.000
tons since 1980—has helped keep storage
costs and profit margins refatively low. In
1985 growers received. on the average,
between S0% and 60% of the final retail
price of potatoes,

Recommendations to improve future
marketing prospects for potatoes in Bang-
ladesh emphasize the need to:

® Reduce production costs by lower-

ing seed costs and improving fertil-
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® Release adapted varieties that give
growers greater flexibility in seuting
planting and harvest dates

® Improve coordination between gov-
ernment agencies in granting licen-
ses to construct new cold stores

@ Lixpand activities of the Bungladesh
Agricultural Marketing Department
to include preparation of crop situ-
ation reports, a broader dissemina-
tion of market information. and an
expansion in postharvest extension
work.

ASSESSMENT OF POTATO PROGRAMS
During 1986, CIP collaborated with Tun-
isia’s Groupement Interprofessionnel des
Legumes (GIL), Korea's Rural Develop-
ment Administration (RDA) Korea, and
the Southeast Asia Program for Potato
Research and Development (SAPPRAD)
in conducting case studies of potato pro-
griams,

Tunisia. The Tunisian seed potato pro-
gram has generated an extraordinarily high
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economic rate of return of about 70%.
Private farmers using program seed and
others who have learned to improve their
own seced management practices have
increased their incomes, and the seed pro-
gram has become a viable component of
Tunisia’s agricultural research and exten-
sicn system.

Several factors have contributed 10 the
program’s success: working within the
existing institutional framework; estab-
lishing a Technical Committee to coor-
dinate activities of the various institutions
involved; following problem-solving
approach; and using on-farm research to
set priorities and test potential solutions,
The program was patterned on a model to
meet local needs, and a relatively simple
technical schenie was implemented that
cconomized on scarce capital resources and
personnel.

Korea. Formerly, most potatoes were
grown during the summer in South Korea's
mountainous arcas, but over time a grow-
ing share of the crop has been grown in

the lowlands. In the 1960s and carly 1970s,
average potato yields remained low, mainlv
because farmers ceuld not obtain good
quality planting material. From 1975 to
1978, potato yields dropped about 40%
and total production fell by more than half
due to a collapse of the seed potato cert-
ification program.

In the late 1970s, the government reor-
ganized its secd program and established
a basic seed scheme in which tissue cul-
ture was used for producing, storing, and
rapidly multiplying virus-free planting
material. Techniques for field multipli-
cation, inspection, and pathogen testing
of foundation, registered, and certified seed
were also improved, and quality checks
became more systematic throughout the
system.

As a result of the new sced program,
virus disease symptoms in farmers’ ficlds
have been sharply reduced and yields have
increasea spectacularly—from an average
of 1l t/ha in the 1970s to over I8
tha at present. A conservative estimate is

Qunisia’s seed program has contiibuted to a significant increase in potato
yields, production, and farmers’ inconmes.
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A Korean scientist shows one of over 200 screenhouses in which basic
seed is grown. South Korea’s seed program has helped farmers to double
their vields over the lust ten vears.

that the seed program’s net benefit in 1984
was around US$20 million. For every
dollar spent, the program generated about
$25 in increased farm Con-
sumers also benefited from a reduction in
potato prices.

While the new seed program has been
a technical and cconomic success, some

incomes.

institutional issues remain. Only 15% of

the seed potatoes that farmers use cach
year are certified; the rest come from an
“informal™ sced system which runs pur
allel to the **official™™ seed program. The
total benefits of the seed program could
perhaps be increased by improving the
integration of the official and informal
systems.

Philippines. The Philippine govern-
ment is committed o diversifying low-
land crop production and expanding potato
production as a means of increasing poor
farmers’ incomes and poor consumers’
diets. A preliminary study of the potential
impac. of the Philippines” lowland potato
project was carried out in 1986, It was

concluded that expanded lowland produc-
tion could make potatoes available to peo-
ple in many rural areas for the first time.
It would also reduce potato prices and
stimulate increased consumption in the
cities. These two factors together could
allow the potato 1o nutritional
standards in the country s rice-based diet,
as well as to provide an important new
source of rural employment and income,
The most critical barrier to expanded
potato production in the lowlands was
found to be the lack of planting material,
Pest management problems will need to
be addressed on a ¢ ntinuing basis through
research and extension. Special credit and
marketing programs may be needed in the
initial stages to stimulate farmers to rap-
idly expand lowland potato acreage. A dual
system is likely to evolve in the lowlands,
with many small farmers producing pota-
toes for Jocal consumption in small gar-
den plots ard a few large producers
supplying major urban markets.

raise
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National Human Resource
— Development - Biotechnology

Rcscurchcrs. extensionists,
and cducators from na-
tional institutions are para-
mount to improving food avail-
ability worldwide. How well this
important task is performed de-
pends largely on their capacity
to access and receive informa-
tion on improved technologies
and adapt what is appropriate
to their farmers’ environments,
The application of biotechnol-
ogy techniques for crop im-
provement requires that parti-
cular emphasis be placed on
ensuring that necessary skills
exist in national institutions. It
is foi this reason that this sec-
tion concentrates on CIP's past
efforts on human resource de-
velopment in biotechnology.
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Introduction

CIP’s program for national human resource development is designed to com-
plement its headquarters and regional rescarch efforts. The activities of this
program are designed to enable national collaborators to conduct basic and
applied research and to respond to farm-level production problems. A sum-
mary of activities associated with each CIP research thrust is included in the
respective thrust chapter, and a list of all training undertaken in 1986 is given
in Table 1.

Biotechnology is an important part of CIP’s research base, and collabo-
rating national programs have been requesting training in this topic. In response
to this need, biotechnology and its application have been integrated into CIP’s
human resource development program. This section focuses on the contri-
butions made to this Center-wide effort by CIP's Training Program, Com-
munications Support, and Information Services.

Training Program

Each year the training program provides opporiunities for personal interaction
between CIP’s scientific staff and large numbers of national collaborators. In
1986, there was a total of 953 participants in trairing activities worldwide.
Some of these activities concentrated on specific areas of biotechnology, such
as the course held in Peru on potato, sweet potato, and cassava micropro-
pagation techniques. This course was a joint activity with CIAT, and was
part of a UNDP-sponsored root and tuber crops training project also involving
[ITA.
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Figure 1. Number of in vitro clones distributed to national programs between 1977 and
1986.
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Figure 2. National collaborating scientists trained by CiP in micropropagation and rapid
multiplication techniques between 1977 and 1986.

Some biotechnological techniques, such as micropropagation and serol-
ogy, have been included in seed production courses. Additionally, because
rapid multiplication of in vitro plantlets is necessary in national sced pro-
duction systems, this technique is closely linked with training on micropro-
pagation.

Training conducted on biotechnological techniques has had an effect on
the amount of in vitro material distributed to national programs from head-
quarters in Peru and CIP’s germplasm redistribution centers in the Philippines
and Kenya. From Peru, in 1977, 44 clones were sent to three nationzl pro-
grams. This number increased to 213 clones to seven national programs in
1981, and to 321 clones to 15 countries in 1986. To date, more than 1700
clones have been distributed to 33 national programs (Fig. 1).

Concurrently, the number of persons receiving training each year in micro-
propagation and rapid multiplication techniques increased from 7 in 1977
to 76 in 1986 (Fig. 2). During this period, 310 persons from 42 countries
have received training.

As early as 1976, CIP began receiving visiting scientists at headquarters
in Peru for individual training on micropropagation and in vitro pathogen
climination. In the past 11 years, 40 scientists from 19 countries have been
trained. Between 1981 and 1986, CIP conducted eight courses, three of which
were in collaboration with CIAT and two with 1ITA. There were 66 CIP
participants from 29 countries in these courses.
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Table 1. CIP training activities for CiP headquarters and Regions {-V1, 1986.

182

No. of No. of
Region Activity participants countries
Headquarters-Peru
Tissue culture of potato, cassava,
and sweet potato (CIP/CIAT)¢ 14 9
Workshop on processing of potato-

based-mixes 20 1
Visiting scientists? 63 29
Scholarships 20 9
Student assistantships 26 1
Preprofessional practiceb 55 5
Region |
Bolivia Nematodes of potato 20 2
Colombia Integrated pest management 12 13
Peru Production with special emphasis

on seed production® 15 7
Region Il
Argentina Seed production and certification® 20 3
Brazi! Production 33 3
Chile Production® 20 8
Panama Nematodes of potato 17 8
Paraguay Production 28 1
Region 111
Burundi Production 8 1
Burundi Production 3 1
Ethiopia Storage 27 1
Kenya and Rwanda Potato production from true seed 9 v
Madagascar Seed tuber production conference® 38 10
Zaire Production 25 1
Zambia Storage 18 1
Region IV
Jordan Production 30 1
Turkey Serological detection of potato viruses 12 1
Turkey Gerinplasm management 14 6
Region V
Senegal Production 17 8
Tunisia Seed production and storage 22 1
Region VI
Bangladesh Storage in warm climates and

utilization workshop® 34 6
India Village-level processing 9 1
India Modern methods in potato production 37 4
Nepal Field-level virology 14 3

935 trained at headquarters and 28 in the regions.
bag from Peru; 7 from developed countries.
€ United Nations Development Programme {(UNDP).,



Table 1 (cont.). CIP training activities for CIP headquarters and Region VI| and
SAPPRAD,? 1986,

No. of No, of

Region Activity participants  countries
Region VIl
Burma Seed potato production 45 1
Laos Producti-n® 16 1
New Caledonia Potato production technology for

the Pacific® 20 5
Philippines Nematology research planning workshop 9 7
Philippines Potato production in the warm tropics 21 8
Philippines Second international workshop on

biological ~ontrol of nematodes 49 11
Vietnam True potato seed and rapid muliiplication 40 1
SAPPRAD
Philippines Lowland potato conference and

development workshop 35 1
Philippines Marketing workshop 1 1
Philippines Southeast Asia and Pacific seed

pntato production 28 6

€United Nations Development Programme (UNDP),
dSoutiast Asian Program for Potato Research and Development,

Follow-up and refresher training s important in biotcchnology, particu-
larly as it relates to new and more efficient methods for virus detection. These
methods are fully integrated in the activitics organized for visiting scientists.
The degree to which the methods are addressed depends on national capacity
to make use of them. Numerous visiting scientists have received instruction
on the nucleic acid spot hybridization test for the detection and elimination
of potato spindle tuber viroid and on the production of antisera for use in the
enzyme-linked immunosorbent assay to detect viral and bacterial pathogens.

An example of training on new biotechnological methods was that given
to a geneticist from Argentina’s national rescarch institution (INTA): to ena-
ble ploidy manipulation, experience was provided on haploid extraction, an
inheritance study was carried out on 2n pollen production, and a new method
for megasporoge.. sis observation was developed. These methods will be
applied in making more cfficient use of native and wild potato species for
virus resistance breeding in Argentina,

Communications Sapport

In order for national researchers to make effective use of the latest biotech-
nological research results, the findings must be converted to infornation
which should reach them ir a usable form. This communication process
hinges on close cooperation between CIP's scientists and staff of the Training
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Although same national programi are using rustic ;icilities and equipment
designed on the principles of sophisticated equipment, sone have demon-
strated the viine f biotechnology techniques to their governments and have
acquired modern egaipment to improve seed prodiction, ds shown here in
Cuba.

Much of the successes
enjoyed by national programs
in incorporating biotechnol-
ogy techniques into potato
improvement efforts have
been due to individualized
instruction received under
close supervision by CIP
scientists. This type of
experience Is usually given
at CIP headquarters in Lina
and is not only intenstve
but also of sufficient dura-
tion to permit visiting
scientists to see the results
of their work prior to

their departure.
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An example in the use of biotechnology techniques is the collaboration re-
ceived from the Universidad Nacional Pedro Ruiz Gallo in Lambayeque, Peru,
on a cassava, potato, and sweet potato tissue culture course. The University
permitted the use of their facilities and participation of their professorial staff
to teach part of the course. This particular course was conducted jointly be-
tween CIAT and CIPas part of a special training project funded by the United
Nations Development Programme.
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and Communication Department. In addition to editing several scientific papers
and preparing visuals for presentations and poster displays at international
conferences, a widc range of materials have been produccd for use in training
and for general distribution. The following have been prepared in English,
Spanish, and French:

® slide set and guidebook on micropropagation techniques,
® poster on micropropagation techniques,

® three specialized technology documents on micropropagation
techniques,

® four slide sets with accompanying guidebooks on rapid multiplication
techniques,

® one set of ten flip charts on rapid multiplication techniques.

An instruction booklet to accompany each shipment of in vitro plantlets
was produced in English and Spanish. Also, the quarterly CIP Circular has
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CIP feels the best learning laboratory for applying biotechnology
techniques is one where learning conditions are similar to those
of the participants’ home countries and where instructors have
received training from CIP and had opportunities to apply
what they have learned in their home countries.
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included main features or research briefs from collaborating national pro-
grams on biotechnology and its application. Examples are
® “‘Tissue Culture: Past, Present, and Future''
® ““CIP Collaborative Research on Tissue Culture and Genetic
Engineering for Potato Improvement™’
& “‘Induction and Use of In Vitro Potato Tubers’’

® “*A New Use for Tissue Culture and Rapid Multiplication: Potato
Production for Vietnamese Farmers'’

Information Services

National collaborators must have access to the latest research results from
CIP, as well as from other sources, to assist them in keeping abreast of the
latest research activities and technological advances in (heir field. In 1985,
a special project, funded by the International Development Research Center

saget - | *

Training away from neadquarters in Peru permits CIP
to conduct training in environments where conditions
are more relevant to participants’ research and
production activities.
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of Canada, was initiated to expand library services to national programs.
The project is based primarily on the development of a computerized database
of CIP’s library collection and on providing access to a wide range of external
databases. Additionally, the project is intended to encourage exchange of
information among national programs, e.g., support the publication of potato
research by national programs in regional scientific journals.

The following information service activities related to biotechnology have
been completed:

® Subscriptions to journals such as Agricell Reports, Plant Cell
Reports, Plant Cell Tissue and Orga.. Culture, Plant Molecular
Biology, and Trends in Biotechnology. At the same time, a large
number of books, reprints, and articles have been acquired.

® Numerous on-line bibliographic searches have been made in databases
such as AGRICOLA, AGRIS, BIOSIS PREVIEW 3, and CABI.

® Selective dissemination of information has been oifered on a trial
basis to CIP staff on topics such as *‘tissue culture of potato and
sweet potato.”” This service will be extended to national research
collaborators for accessing information held in external and CIP
databases.

® A pot*, and sweet potato thesaurus for computer indexing and
retrieving information from CIP's bibliographic database has been
completed.

© A branch library was implemented at CIP’s San Ramon experiment
station and new acquisitions wers placed in the library at the
Huancayo station.

® Direct support to national scientists visiting CIP headquarters in Peru
has becn increased. Simultancously, follow-up support upon return to
their home countries has improved through photocopy services now
available directly from the library.

Impact of Human Resource Development Efforts

While the impact of CIP’s input is difficult to ascertain, the overall effect of
applying biotechnological techniques may be seen in three national programs
with whom CIP has had strong interaction.

Ecuador. Production of improved seed using clonal selection was taking
seven to cight generations, and the resulting certified seed, not significantly
better than traditional seed, was meeting less than 1% of the amount required.

Since 1976, 11 potato specialists from the National Agricultural Research
Institute (INIAP) have undergone training on micropropagation and rapid
multiplication techniques. In 1982, a building was converted to a simple in
vitro laboratory, and a larg,- planthouse was donated by the Ford Foundation.
CIP provided in vitro pathogen-tested plantlets of three Ecuadorcan varietics.
The plantlets were multiplied to produce mother plants from which stem



cuttings were made and transplanted directly to the field. With this system,
in four generations, appioximately 4% of the certified seed requirements are
being met and farmers are atributing a 25% increase in production to the
improved seed now available. In order to promote continuity to this effort,
an INIAP staft member is conducting rezearch at CI? headquarters on bio-
technological applications in seed programs for a Master’s Degree at the
National Agrarian University at La Molina, Lima.

Venezuela. In 1985, CIP provided in vitro plantlets of three varieties to
the Naticnal Agricultural Research Institute (FONAIAP). These were mul-
tiplied to produce large quantities of mother plants from which single-node
cuttings were made. These were transplanted to beds for mini-tuber produc-
tion. Mini-tuber production is now continuous throughout the year at four
regional sites.

Using this system, FONAIAP produced, in 1986, 1.25 t of pre-basic seed
(mini-tubers), 24.7 t of basic seed, and 84.5 t of foundation seed. By late
1987, they expect to meet 40% of the certified seed demand for the high-
altitude crop which comprises 49% of the country’s 17,000 ha under potato
production.

Since 1980, six researchers from FONAIAP and a national university have
participated in training on micropropagation and rapid multiplication tech-
niques. Additionally, a FONAIAP staff member conducted research at CIP
headquarters on the variability of potato leafroll virus for a Master’s Degree
at the University of Costa Rica.

Vietnam. Two entirely different systems using biotechnology have evolved
in Dalat and the Red River Delta, the two principal arcas of potato production.

In the Dalat area, a few selected farmers produce large quantities of in
vitro plantlets using rustic facilities in their homes. From these, nodal cuttings
are rooted in nursery beds at high densities to become first generation mother
plants. Apical cuttings arc made from these to produce a larper generation
of mother plants. From all these mother plants, apical cuzungs are then taken
and rooted in smail bamboo or banana-leaf pots and sold to farmers who
transplant them directly to the field. This material is used fer un to four
generations before it is replaced with new rooted apical cuttings.

In the Red River Delta, seed storage is difficult during the nine months
of hot weather. National research proved that sprout cuttings taken from
tubers stored seven to nine months rooted well, and when transplanted to the
ficld gave yiclds of up to 20 vha. By using tubers and sprouts, inv.stment
in seed tubers is only 15% of the costs of planting tubers alone. In 1986,
100 ha of potatoes were grown using this vstem,

The impact that has been made using biotechnological technigues has been
possible due to intensive training of scientists, technicians, and farmers. Since
1981, more than 100 Vietnamese have participated in CIP training activities
on micropropagation and related topics. Of these, six have received indivi-
dualized training at CIP’s regional site in the Philippines and two Lavz gained
experience in adapting biotechnological techniques through research with CIP
for a Master’s Degree at the University of the Philippines at Los Bafos W
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Publications

CIP PUBLICATIONS IN 1986

Agronomic  Potential of Potato (Solanum
spp.) in Bukidnon, Philippines. Research
Results from 1983-1985. Published by the
Ministry of Agriculture and Food, Region X,
Cagayan de Oro City, Misamis Oriental, in
collaboration with the International Potato
Center Region VII Office, Los Baos.
Philippines. 1986. 70 p.

Annual Report CIP 1985, Lima, Peru. 175 p.
1986. ISSN 0256-6311. In English and
Spanish,

Appropriate Techniques for Development and
Manufacture of Low-Cost Potato-Based
Food Products in Developing Countries,
by Peter J. Keane, Robert H. Booth, and
Nilda Beltran. CIP, 1986. 228 p.

CIP Circular. Vol. 14 (Nos. 1-4). 1986. In
English (ISSN  0256-8632) and Spanish
(0256-8640).

Control Integrado de Plagas de Papa [Intc-
rated Pest Management of Potato Insect
Pests], edited by Luis Valencia. Papers
presented at the Intcrnational Course on In-
tegrated Pest Management, held in Bogota,
Colombia, June 29-July 19, in collobora-
tion with the International Potato Center
and the Instituto Colombiano Agropecua-
rio. 1986. 200 p. In Spanish.

Los Cultivos Transitorios en el Peru: Andlisis
de su Estructura y Tendencias de 1964 a
1979 [Annual Crops in Peru: Analysis of
Structure and Trends, 1964-1979], by Hugo
F. Rodriguez. CIP, 1986. 76 p. ISBN 92-
9060-086-1. In Spanish.
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Potato Production Technoguide for Papua
New Guinea. Department of Primary In-
dustry, Port Moresby, Papua New Guinea.
1986. 21 p. A collaborative effort between
CIP, SAPPRAD, and the Australian Gov-
ernment.

Systematic Botany and Morphology of the
Potate, by Zésimo Huamén. 2d ed. re-
vised. Technical Information Bu'letin 6.
CIP, 1986. 22 p. In English (ISSN 0256-
8675) and Spanish (0256-8667).

Tecknical Evaluation Series No. 6 (1982) and
No. 10 (1983). CIP, 1986. Now available in
French (Nos. 6, 10) and Spanish (No. 10).

Vissue Culture Propagation of Potato, by Pilar
Tovar and John H. Dodds. CIP Slide
Training Series and Guidebook 1-5. CIP,
1986. 35 slides, 12-page guidebook. In
English (ISSN  0256-8659) and French
(0256-8705).

OTHER PUBLICATIONS
BY CIP STAFF

Achata, * . and A. Monares. 1986, Analisis
ex-aac: del cambio tecnoldgico en la pe-
queda agricultura usando el wodelo de pro-
gramacién lineal. [Preliminary analysis of
small-farming technological change using
the linear programming pattern.] Serics:
Essay No. 9, CIDEP, Facultad de Econo-
mia, Universidad Nacionai Agraria, Lima,
Peru. 36 p.

Aley, P., and E. R. French. 1985, Caracteris-
ticas fisiolégicas, culturales y morfolégicas
de Pseudomonas solana-earum aislado de



papa en Yurimaguas. [Physiological, cul-
tural, and morphological characteristics of
P. solanacearum isolated from potato in
Yurimaguas.] Fitopatologir 21:1. (Abstr.)

Anguiz, R., and C. Martin. 1950. Identifica-
tion of Anastomosis groups (AG) of Rhizoc-
tonia solani isolated from potato in three
ecological zones of Peru. Fitopatologia 21:3.
(Abstr.)

Apablaza, G., E. N. Fernindez-Northcote,
J. Miranda, G. Saldias, T. Duffourg, and
C. Sandoval. 1985. Prospeccién nacional
de seis virus de papz en Chile y aspectos
epidemioldgicos. {National prospect of six
potato viruses in Chile, and epidemiologi-
cal aspects.] Fitopatologia 20(2):35. (Abstr.)

Austin, D, F., Z. Huaman, and F. de la
Puente. 1986. Especics adicionales del Gé-
nero Ipomoea en cl Peru. {Additional
species of the genus Ipomoea (CONVUL-
VULACEAE) in Peru.] Bol. T.ima 8(47):91-
95.

Bengochea, T., and J. H. Dodds. 1986. Plant
protoplasts. A biotechnological tool for
plant improvement. London: Chapman
Hall Ltd. 108 p.

Bi.amumpaka, M., and A. J. Haverkort.
1985. Resultats préliminaires des essais de
production de pommes de terre cn régions
basses. [Preliminary results of lowland po-
tato trials.] Bull. Agric. Rwanda 18:217-
221.

Bidegaray, P., and E. Schmidt. 1985. Selec-
cién y adopcién de variedades de papa en
Cusco. [Selection and adoption of potato
varieties in Cusco.] SUR (Peru) 90:17-22,

Céceres, F., and M. Canto-S4enz. 1986. Reac-
cién de variedades de frijol a Meloidogyne
incognita en La Molina. [Reaction of bean
varieties to M. incognita in La Molina]
Fitopatologia 21:11-12. (Abstr.)

Canto-Séenz, M., and I. Caro-Rossel. 1986,
Medics de cultivo par: la aplicacién co-
mercial dc Paecilomyces lilacinus. [Cultur-
ing P. lilacinus for commercial applica-
tion.] Fitopatologia 21:12-13. (Abstr.)

Caro-Rossel, 1., and M. Canto-Sdenz. 1986.
Reaccidn de 15 cultivares comerciales de
tomate a Meloidogync incognita. [Reaction
of 15 commercial tomato cultivars to M,
incognita.] Fitopatologia 21:12. (Abstr.)

Chujoy, J. E., and §. J. Peloquin. 1986. Bay-
riers to interspecific hybridization betwe:n
Solanum chacoense Bitt. and S. comme:-
sonii Dun. Am. Potato J. f2:4i0-417.
(Abstr.)

Chujoy, J. E., and S. J. Peloquin. 1986.
Tuber yields of 2x and 4x progeny from 2x x
2x crosses in potato. Am. Potato J. 63:417.
(Abstr.)

Collantes, L. G., K. V. Raman, and F. H.
Cisneros. 1986. Effect of six synthetic pyre-
throids on two populations of potato tu-
ber moth, Phthorimaea oper.ulella (Zeller)
(Lepideptera: Gelechiidae), in Peru. Crop
Protection 5:355-357.

Contreras, A., Z. Huamidn, and P. Montaldo.
1986. Recoleccién de papas en Chile. !Po-
tato collecting expedition in Chile.] FAOQ/
IBPGR Plant Gen. Resources Newsletter
65:31-33,
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Devaux, A., A. J. Haverkort, and §.
Mukamanzi. 1986. Etude comparative de
la production de pommes de terre en fonc-
tion des dates de plantation et de I'utilisa-
tion du paillis. [A comparative study of
potato production and the effects of
planting dates and *he use of mulch.] Bull.
Agric. Rwanda 19:3-9.

Elphinstone, J. G., and M. C. M. Pérom-
belon. 1986. Contamination of potatoes by
Erwinia carotovora during grading. Plant
Pathol. 35:25-33.

Elphinstone, J. G., and M. C. M. Pérom-
belon. 1986. Contamination of progeny tu-
bers of potato plants by sced- and leaf-
borne Erwinia carotovora. Potato Res.
29:77-93.

Espinoza, N. O., R. Estrada, D. Silva-
Rodriguez, P, Tovar, R. Lizarraga, and J.
H. Dodds. 1986. The potato: a model crop
plant for tissue culture. Outlook Agric. 15:
21.27.

Ewcll, P. T., and P. Bidegaray. 1986. La par-
ticipacion de las ciencias sociales en el
trabajo de investigacion del Centro Inter-
nacional de la Papa. [Social science partici-
pation within the research work of the In-
ternational Potato Center.] p. 153-169. In
L. Soberon (ed.), Las ciencias sociales y el
desarrollo rural del Peru. Lima: Peruvian
Assoc. for the Promotion of Social Sci-
ences (FOMCIENCIAS). 236 p.

Ewell, P. T., and K. V. Raman. 1986. Socio-
cconomic issues of insect pest management
in Peru. Am. Potato J. 63(8):421-423.
(Abstr.)

Fano, H., J. Alcazar, and M. Palacios. 1986.
Conozcamos bicn a los insectos que mds
nos atacan. [Let us know well those insects
that are attacking the most.] MINKA 18-
19:17-20.

Fano, H., and P. T Fwell. 1986. E! contro!
de plagas en papa en la sierra del Peru. [Po-
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tato pest control in the highlands of Peru.]
SUR (Peru) 96(Junc):40-46; 97(July):d4-
47.

Ferndndez-Northcote, E. N., and P. Gugerli.
1986. Reaction of a broad spectrum of PVY
isolates to monoclonal antibodics in ELISA,
Phytopathology 75:1353. (Abstr.)

Fernindez-Northeote, E. N., H. A. Mendoza,
and R. Galvez. 1986. Breeding for potato
virus Y (PVY) immunity combined with
carliness and tolerance to heat. Am. Po-
tato J. 63:422. (Abstr.)

Franco, J., and A. Gonziles. 1986. Evalua-
cién de plintulas para resistencia al nema-
todo del quiste de la papa Globodera spp.
il: prueba masal. [Seedling evaluation for
resistance to the potato cyst nematode
Globodera ssp. 1. Mass testing.] Fitopato-
logia 21(2):81-85.

French, E. R. 1986. Interaction between strains
of Pseudomonas solanacearum, its hosts
and the environment. p. 99-104. In Bacte-
rial wilt diseasc in Asia and thc South Pa-
cific. Proccedings of the Australian Center
for International Agricultural Rescarch,
Vol. 13, Canberrra. 145 p.

Gamarra, D., H. Torres, and C. Martin. 1986.
Pythium splendens and P. delicnse, causal
agents of damping-off in potato scedlings
in San Ramon, Peru. Fitopatologia 21:5-6.
(Abstr,)

. fa, E., C. Martin, and H. Torres. 1986.
{solation and identification of the causal
agent of carly blight of potato in San
Ramon and Huancayo, Peru. Fitopatologia
21:6. (Abstr.)

Golmirzaic, A. M., and H. A. Mendoza. 1986.
Effect of early selection for seedling vigor
on open-pollinated truc potato seed. Am.
Potato J. 63(8):426. (Abstr.)

Guevara, M., C. Martin, and J. Landeo. 1986.
Resistance to Phytophthora infestans in
potato tubers. Fitopatologia 21:6. (Abstr.)



Haverkort, A. J. 1985. Amélioration de la
culture de la pomme de terre au Nord-
Kivu. [Improved potato production in
North Kivu.| p. 6-13. In A. J. Haverkort
(ed.), Développement de la culture de la
pomme de terre au Nord-Kivu, Zaire. Re-
port of a workshop held at Butembu,
Zaire, October 28 to November 1, 1985.
71 p.

Haverkort, A. J. 1985. L'organisation d’un
programme de production ct diffusion de
semences de pommes de terre, [The organ-
ization of a potato seed production and
distribution program.] p. 28-34. In A. .
Haverkort (ed.), Développement de la cul-
ture de la pomme de terre au Nord-Kivu,
Zaire. Report of workshop, Zaire, 1985,

Haverkort, A. J. 1986. Forecasting national
production improvement with the aid of a
simulation model after the introduction of
a seed potato production system in central
Africa. Potato Res. 29:119-130.

Haverkort, A. J. 1986. Light interception and
yield relations under tropical highland con-
ditions. Report of the meeting of the phys-
iology section of the EAPR (St. Andrews).
Potato Res. 29:257-258.

Haverkort, A. J. 1986. Yield levels of potato
crops in central Africa. Agric. Systems 21:
227-235.

Haverkort, A. J., and M. Micamumpaka. 1986.
Correlation between intercepted radiation
and yield of potato crops infested by
Phytophthora infestans in central Africa.
Netherlands J. Plant Pathol. 92:239-247.

Haverkort, A. J., und P. M, Harris. 1986. Con-
version coefficients  between  intercepted
solar radiation and tuber yields of potato
crops under tropical highland conditions.
Potato Res. 29:529-533.

Haverkort, A. J., and C. Rutayisirc. 1986.
Utilisation des engrais chimiques sous con-
ditions tropicales. 1. Effet de I'application

d’azote, phosphore et potasse sur les ren-
dements de la pomme de terre en Afrique
centrale. [Utilization of chemical fertilizers
under tropical highland conditions. 1. Ef-
fect of nitrogen, phosphorus and potassium
on potato crop yields in central Africa.
Potato Res. 29:347-355.

Haverkort, A. J., and C. Rutayisire. 1986.
Utilisation des engrais chimiques sous con-
ditions tropicales. 2. Effet de I'application
d'azote, phosphore et potasse sur la rela-
tion entre la radiation interceptée et le ren-
dement de la pomme de terre en Afrique
centrale. [Utilization of chemical fertilizers
under tropical highland conditions, 2. Ef-
fect of nitrogen, phosphorus and yield in
potato crops in central Africa.] Potato
Res. 29:357-365.

Horton, D. 1986. Assessing the impact of in-
ternationa! agricultural research and de-
velopment programs. World Dev. 14(4):
453-468.

Horton, D. 1986. Farming systems research:
twelve lessons from the Mantaro Valley
Project. Agric. Admin. 23(2):93-107.

Horton, D. and R. Sawyer. 1985, The potato
as a world food crop, with special refer-
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Li (ed.), Potato physiology. New York:
Academic Press. 586 p.
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input. Am. Potato J. 63(8):435. (Abstr.)
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437. (Abstr.)

Iwanaga, M., and P. Jatala. 1986. Breeding of
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Research and Consuitancy Contracts

Thrust I — Collection, Maintenance, and Utilizatiou of Unexploited Genetic
Resources

2.

Rothamsted I'xperimental Station, England — Stability/variability of potato in
culture and storage. M. G. K. Jones

Instituto Nacional de Investigaciones Agropecuarias (INIAP), Ecuador —
Main‘enance of the potato genmplasm in vitro collection. F. Mufo:z

Thrust Il — Production aad Distribution of Advanced Breeding Material

3.

13.

Cormell University, United States — The utilization of Solanum tuberosum
spp. andigena germplasm in potato improvement and adaptation.  R. L.
Plaisted, H. D. Thurston, W. M. Tingev, R. E. Anderson, B. B. Brodie, M. B.
Harrison, and E. E. Ewing

- North Carolina State University, Lnited States -~ Breeding and adaptation of

cultivated diploid potato specizs.  F. L. Havnes

- LV.2. Agricultural University, Netherlands — A breeding program to utilize

the wild Solanum species of Mexico. J. G. Th. Hermsen

. Universit, of Wisconsin, Uniied States — Potato breeding methods with

species, haploids, and 2n gametes.  S. J. Peloquin

. Instituto Nacional de Tecnologia Agropecuari . 'NTA), Argentina — Program

to use greater genetic variability in the potato ..ceding plan. A. Mendiburu

. Agti:ulture Canada — A proposal to evaluate modern potato breeding

inaterials and thei- nutritional values. T. R. Tarn

. University of Tacna, Peru — Evaluation of sweet potato germplasm for

toleranve to certain abiotic stresses under arid conditions. R. Chdvez

. Instituto Nacional de Investigacion Agraria (INIPA). Peru — Evaluation of

advanced clones from CIP and the national potato program of Peru.
D. Untiveros

- Centro Nacioual de Pzsquisas de Hortaligas (CNPH/EMBRAPA), Brazil —

Evaluation of potato germplasm (Solanum tuberosum L.) in relation to
resistaice o Aliernaria solani.  F. J. 3. Reifschncider

- Aegean Regional Agricultura) Research Institvt: (ARARI), Tutkey — Potato

germplasm evaluation and multiplication. K. Temiz and B. Gomec

Cousorzio **Mario Neri'* (ERSO), Italy — Selection of potato clones with
high starch content.  A. Ferraresi and L. Concilio
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Thrust III — Control of Bacterial and Fungal Diseases

14. Instituto Colombiano Agropecuario (ICA), Cotombia — Evaluating the
resistance of potato genetic material to Pseudomonas solanacearum and
Phytophthora infestans. F. Gomez and J. Llanos

15. Instituto Nacional de Investigaciones Agropecuarias (INIAP), Ecuador —
Study and control of potato diseases **lanosa’ and rust in Ecuador.
H. Orellana

16. University of Wisconsin, United States — Fundamental research to develop
control measures for bacterial pathogens of the potato.  A. Kelman and L..
Sequeira

17. Department of Agriculure, S:i Lenka — Development of resistance and
control eof bacterial wilt for the mid and high elevations of Sri Lanka.
M. Velupillai

I8. Universidad Nacional de Hudnuco, Peru — Developmrent of disease-resistant
potato varieties with adaptation to the ecological zones of the Department of
Hudnuco. E. Torres Vera

19. National Agricultural Laboratories, Kenya — The reaction of selected potato
clones to two races of Pseudomonas solanacearwm in Kenya. A. H. Ramos

20. Institute for Potato Rescarch, Poland — Breeding potitoes resistant to potato
leafroll virus (PLRV). E. Kapsa

Thrust IV — Control of Virus and Virus-Like Diseases

21. Swiss Federal Agricultural Research Station, Switzerland — Development of
monoclonal antibodics for potato virus identification.  P. Gugerli

Thrust V — Integrated Pest Management

22. University of the Philippines, Los Baiios, Philippines — Integrated control of
nematodes and weeds by the use of biclogical control agents and solarization.
R. Davide

23. North Carolina State University, United States — Evaluation of potato lines for
resistance o the major species and races of root-knot nematodes (Meloidogyne
spp.). J. N. Sasser

24. Instituto Nacional de Investigaciones Agropecuarias (INIAP), Ecuador --
Evaluation of clones resistant to potato cyst nematody (Globodera spp.) in
Ecuador. R. Eguiguren and 1. Revelo

25. Universidad Nacional Agraria-La Molina, Peru — Consultancy on
Prarylenchus spp. as important nematorle pests of potatoes. M. Canto

26. Universidad Nacional Agraria-La Molina, Peru —— Consultancy on biological
and selective chemical control of insect pests of potato and sweet potato.
J. Sarmiento and Colleagues
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27. Institute for Pesticide Research, Netherlands — Isolation, identification,
synthesis, and field testing of the sex pheromone of Scrobipalpula absoluta,
Symmetrischema plaeseosema (Lepidoptera: Gelechiidae). S. Voerman

Thrust VI — Warm Climate Potato and Sweet Potato Production

28. Universidad Nacional Agraria-La Molina, Peru — Management of soils,
fertilizers, and mineral nutrition of the potato under adverse soil and climatic
environments. §. Villagarcia

29. Universidad Nacional Anraria-La Molina, Peru — Training and consultancy
research on the effects of scil management and fertilizaion on flowering, fruit
setting, and seed quality of the potato.  §. Villagarcia

30. Universidad Nacional Agraria-i.a Molina, Peru — Consultancy contract on
efficient use of nutrients by the potato plant. U. Moreno

Thrust VII — Cool Climate Potato and Sweet Potato Production

31. Instituto Colombiano Agropecuario (ICA), Colombia — Consultancy on potatc
breeding to obtain frost-tolerant clones adapted to Andean countries.
N. Estrada

Thrust IX — Seed Technology

32. Victoria Department of Agriculture, Australia — Productivn of pathogen-tested
potato germplasm for Southeast Asian and Pacific countries. P. T. Jenkins

33. Instituto Agropecuario (INIA) and Universidad Austral de Chile (UACH},
Chile — Use of true potato seed in commercial potato production. J. Santos
Rojas and ]. Banse

34. Instituto Ji Agronomia, Universita de Napoli, Italy — Selection of TPS
parental lines in high seed production. L. Monti and L.. Fruscianti

35. Instituto de Investigaciones Agropecuarias (INIA), Chile — Production of true
potato seed in Chile. A. Cubillos and J. Kalazich

Thrust X — Potato and Sweet Potato in Food Systems

36. International Potato Center, Peru — Consultancy on small-scale food
production. V. Nirez

Support Department

37. Intemnational Potato Center, Peru — Consultancy on management of sweet
potato germplasm. R. del Carpio

38. Consultancy Contract, Lima, Peru — Possible causes of damage to potato

plants in CIP greenhouses. U. Moreno

Regional Research and Training

39. International Agricultral Center, Netherlands — Consultancy for regional
research and training. H. P. Beukema
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REPORT OF INDEPENDENI ACCOUNTANTS
March 6, 198%

To the Board of Trustees
International Potato Center - CIP

In our opinion, the accompanying information, presented iu Exhibits
1 to & 1s stated fairly in all material respects in relation to the
basic financial statements, taken as a whole, of the International
Potato Center - CIP for the year ended December 31, 1986, which are
covered by cur repor: dated March 6, 1987 presented in the first
rection of this document, Our opinion in such report is qualified
as to the method of accounting with respect to commitments as
explained in the middle paragraph of such report. Our examination
was made for the purpose of forming an opinion on the basic finan-
clal statements taken as a whola. This accompanying information is
presenzed for purposes of additional analysis and is not a required
part of the basic finaacial statements, Such information has been
subjected to the auvditing procedures applied in the examination of
the basic financial statements.

mw&:@

/"d

Countersigned by

[e——
= @f I
FranaKco J. M{;eno

Peruvian Public Accountant
Registration No. 155
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INTERNATIONAL POTATO CENTER - CIP
BALANCE SHEET (NOTES 1 AND 2)

AS OF DECEMBER 31, 1986 AND 1985
(Expressed in U.S. dollars)

ASSETS

CURRENT ASSETS
Cash and short-term deposits

Accounts receivable

Donors

Advances to personnel

Loans to executives and employees —
current portion (Note 3)

Others (Note 4)

Inventories of laboratory and
other supplies

Prepaid expenses and other assets

Total current assets

RESTRICTED FUNDS (Note 3)

LOANS TO EXECUTIVES AND EMPLOYEES —
NON-CURRENT PORTION (Note 3)

FIXED ASSETS (Note 5)

1986 1985
3,215,983 1,224,653
1,609,037 1,429,498

20,592 36,493
119,064 104,333
229,280 202,137

1,977,973 1,772,461

517,495 469,613

81,075 102,415
5,792,526 3,569,142

300,000 400,000
357,034 411,792
10,487,260 9,271,377
16,936,820 13,652,311

The accompanying notes are en integrai part of the financial statements.
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INTERNATIONAL POTATO CENTER - CIP

LIABILITIES AND FUND BALANCES

CURRENT LIABILITIES

Bank overdrafts and current portion
of long-term debt (Notes 3 and 6)

Accounts payable and other liabilities

Grants received in advance

Other payables and accrued expenses

Total current liabilities

LONG-TERM DEBT (Note 3)

PROVISION FOR SEVERANCE INDEMNITIES,

net of advances of US$78,372
(US$42,039 in 1985)

FUND BALANCES
Funds invested in fixed assets (Note S)

Unexpended funds —

Operating funds — Unrestricted
— Restricted

Working funds

Special projects

Cooperative activities

GRANTS PLEDGED (Note 7)

1986 1985
483,071 105,558
1,871,373 1,035,118
- 643,992
197,253 50,225
2,551,697 1,834,893
283,760 403,576
457,411 385,512
10,487,260 9,271,377
34,928 (1,784)
172,643 -
1,300,000 880,000
1,637,393 807,666
11,728 71,071
3,156,692 1,756,953
16,936,820 13,652,311

The accompanying notes are an Integral part of the financial statements.
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INTERNATIONAL POTATO CENTER - CIP
STATEMENT OF REVENUE, EXPENDITURES AND CHANGES

IN UNEXPENDED FUND BALANCES (NOTES 1 AND 2)
FOR THE YEARS ENDED DECEMBER 31, 1986 AND 1985

(Expressed in U.S. dollars)

REVENUE

Operating grants:
Unrestricted
Restricted

Other restricted core

Special project grants

Grants for fixed asset additions
Grants for cooperative activities
Working fund grants

Other income, net

EXPENDITURES

Operating costs:

Potato research program
Research services

Research program and training
Library, and information service
Administration cost

Other operating costs

Other restricted core
Special projects
Grants returned
Cooperative activities

Additions to fixed assets

Excess of revenue over expenditures
Unexpended fund balance, beginning of year

Addition >f SAPPRAD balanccs

UNEXPENDED FUND BALANCE,
END OF YEAR

1986 1985
8,881,253 6,100,959
2,631,441 3,018,047

582,945 -

12,095,639 9,119,006

2,530,864 1,340,569
837,054 627,981
251,506 274,460
350,010 51,000
433,729 303,970

16,498,792 11,716,986
3,455,313 2,560,824
1,489,915 1,263,528
2,817,074 2,842,433

736,799 408,997
1,280,125 1,054,012
2,060,486 1,344,496

11,839,712 9,474,290

615,706 -
1,636,624 998,609

19,275 4,767

293,466 246,685

14,404,783 10,724,351

837,054 627,981

15,241,837 11,352,332
1,256,955 364,654
1,756,953 1,392,299

142,784 -

3,156,692

The accompanying notes are an integral part of the financ’al statements.
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INTERNATIONAL POTATO CENTER - CIP

STATEMENT OF CHANGES IN FINANCIAL POSITION
FOR THE YEARS ENDED DECEMBER 31, 1986 AND 1985

(Expressed in U.S. dollars)

SOURCE OF Fur DS

Excess of revenue over expenditures

Jecrease in inventories

Decrease in other assets

Increase in accounts payables and other liabilities

Increase in grants received in advance

Decrease in restricted funds

Decrease in loans to executives and employees
non-current portion

Provision for severance indem aities

Assumption of SAPPRAD fund balance

Increase in funds invested in fixed assets

APPLICATION OF FUNDS

Purchase and replacement of property,
plant and equipment
— Core acquisitions
— Special project
— Met cost of replacement
Increase in accounts receivable
Increase in inventories
Decrease in accounts payable and other liabilities
Decrease in grants received in advance
Decrease in long-term debt
Payment and advances of severance indemnities

Increase in cash and short-term deposits
Cash and short-term deposits, beginning of year

CASH AND SHORT-TERM DEPOSITS,
END OF YEAR

1986 1985
1,256,955 364,654
- 40,797
21,340 9,667
1,360,796 -

- 643,992

100,000 100,000
54,758 159,923
113,810 101,899
142,784 -
1,215,883 786,896
4,266,326 2,257,828
837,054 627,981
98,733 104,013
280,096 54,902
205,512 292,33§
47,882 -

- 129,892
643,992 -
119,816 150,366

41,911 10,654
2,274,996 1,370,146
1,991,330 887,682
1,224,653 336,971
3,215,983 1,224,653

Tne accompanying notes dre an Integrai part of the financial statements,
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INTERNATIONAL POTATO CENTER - CIP
NOTES TO THE FINANCIAL STATEMENTS
AS OF DECEMBER 31, 1986 AND 1985
{Expressed in U.S. dollars)

L

P
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Operations

The Internaiional Potato Center (CIP) is a non-profit organization centered in Lima, Peru,
with programs located throughout America, Near and Middle East, Asia and Africa. The
CIP’s principal objective is to contribute to the development of the potato and other tuber-
ous roots through scientific rescarch programs, preparation and training of scientists, dis-
semination of research results in putlications, conferences, forums, and seminars and other
activities, in accordance with its objectives.

The CIP was established in 1972, in accordance with an Agreement for Scientific Coopera-
tion with the Government of Peru signed in 1971 and expiring in 2000. The Center is a
member of the group of Internation:l Agricultural Research Centers which is supported by
the Consultative Group for International Agricultural Research.

In accordance with existing legislation and provisions of the Agreement described above,
the CIP is exempt from income tax and other taxes. If for any reason the Center's opera-
tions are terminated, all of its assets are to be transferred to the Peruvian Ministry of Agri-
culture.

Summary of significant accounting policies
The principal accounting policies are as follows:

a.  Foreign currency —
The books and accounts are maintained in U.S. dollars. Transactions are mainly in U.S.
dollars. Assets and liabilities denominated in currencies other than the U.S. dollar are
expressed at year-end exchange rates. Exchange gains and losses are included in the
statement of revenue, expenditures and changes in unexpended fund balances.

b. Revenue —
Grant transactions are recorded as revenue on the basis of donor commitments.

Core unrestricted grants, capital and working fund graats are pledged on an annual
basis and as such are recognized as revenue in the year in which the grant is pledged
as long as it is deemed to be probable of collection.

Restricted operating and special project grants are accounted for in the period stipulated
by the donor. Other income, net, is recorded when carned and is comprised primarily
of interest on investments, proceeds from sales of fixed assets and translation gains
and losses.

¢.  Expenditures —
Firm orders for purchases of fixed assets and services are recorded in the year of their
commitment. Expenditures made by international programs are recorded on the basis
of advices received. Expenses related to special projects are applied against the respec-
tive income when incurred.

d. Investments —
Short-term investments are principally comprised of certificates of deposit bearing in-
teresi at current bank rates and are valued at cost.

¢. Inventories of laboratory and other supplies —
Inventories of laboratory, spares and other materials are valued at estimated market
value, which approximates cost.



f.  Fixed assets —
Fixed assets (Note 5) are stated at cost. Addition to fixed assets recorded as grant ex-
penditures and replacement additions reported as operating expenses in the statement
of revenue, expenditures and changes in fund balances and added to the related equity
account. Upon the sale or retirement of fixed assets, their cost is removed from the
fixed asset and refated equity accounts,

Fixed assets are not depreciated.
Maintenance and repairs are recorded as operating costs in the year incurred.

g. Vacations —
Employee vacation expenses = charged to operating expenses as they are taken.

h.  Provision for severance indemnities —
Employees’ severance indemnities are accounted for on an accrual basis. The amount
accrued represents the amount that would have to be paid to the employees if they
were to terrainate as of the date of the finarcial statements.

In 1986, the CIP began including the operations of the SAPPRAD projects as part of their
financial statements, jncluding unexpended fund balances as of the beginning of the year
totalling US$142,784. Certain reclassifications have been made to the 1985 balances for
comparative purposcs.

Loans to executive and employees and long-term debt

The CIP provides loans to certain of its executives for the acquisition of homes and/or vehi-
cles. These loans are funded by a term loan of US$425,000 from Citibank N.A. — New
York and in certain instances with the CIP's own funds. The bank loan is repayable in 42
monthly instaliments bearing inteizst at the New York prime rate plus 1.5%.

Loan balances with exccutives and employees at Deccmber 31, are as follows (in U'S. dollars):

1986 1985
Loans funded by Citibank N.A. line of credit,
secured by related homes and/or vehicles,
repayable under the same conditions as advances
under the term loan at no direct cost to CIP 380,611 490,167
Loans funded by CIP, repayable over a five
year-period, non-interest bearing, secured by
employees homes 95,487 25,958
476,098 516,125
255 current portion (119,069 (104,333)
357,034 411,792

Amounts outstanding under the term loan at December 31, are as follows (in IS, dollars):

1986 _1%85

Current portion (Note 6) 96,851 86,591
Non-current portion (maturing 1987-1990) 283,760 403,576
380,6i1 490,167

The term loan is guaranteed by a deposit of US$300,000 (US$400,000 in 1985) in the afore-
mentioned financial institution, which bears interest at 5% per annum (7% ir, 1985).
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Accounts receivable — Other

This balance is comprised of the following at December 31 (in U.S. dollars):

1986
Advances to organizations for research werk 102,199
Travel advances 40,564
Advances to contractors and others 19,035
Qthers 67,482
229,280

Fixed assets

Fixed asscts at December 31, comprise the following (in U.S. dollars):

1986

Buildings and construction 2,902,754
Rescarch equipment 1,338,529
Vehicles and aircraft 2,219,541
Furniture, fixtures and office equipment 1,095,839
Operating farm equipment 402,482
Installations 1,302,915
Site development 667,215
Communication equipment and other 531,024
Construction in progress 26,961

10,487,260

1985

Vehicles and other fixed assets replaced, retired or sold are transferred from the fixed asset
and related equity accounts to a memorandum account. The balance of this memorandum

account at December 31, 1986 is US$860,154 (US$605,635 in 1985).

Bank overdrafts and current portion of long-term debt

At December 31, this balance is comprised of the following:

1986
Bank overdrafts 386,220
Current portion of long-term debt (Note 3) 96,851
483,071

1985

18,567
86,591

105,558

The CIP has various credit lines and demand loan arrangements with banks totalling
US$459,000, which bear interest at the New York prime rate plus 1.5%. As of December

31, 1986 unused amounts under these credit facilities totalled US$65,657.



7. Grants pledged

During 1986 the following donations were pledged to the CIP for special projects in 1987
through 1990: (in U.S. dollars):

1987 1988 1989 1990

International Development

Research Centre — Canada 153,000 48,000 - -
Swiss Development Coopera-

tion and Humanitarian Aid 573,000 27,000 - -
United States Agency for

International Developmem 167,000 246,000 263,000 341,000
Netherlands Goverament 120,000 120,000 - -
Belgian Government 189,000 180,000 - -
Federal German Gevernment 12,000 - - -

1,214,000 621,000 263,000 341,000

Such amounts are not reflected in the accompanying financial statements.
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The CGIAR:
A Global Agricultural
Research System

he Consultative Group on international
Agricultural Research (CGIAR) was estab-
lished in 1971 to bring together countries, pub-
lic and private institutions, international and
regional organizations, and representatives from

developing countries in support of a network of

international agricultural research centers. The
basic objective of this effort is to increase the

quantity and improve the quality of food pro-

duction in developing countries. The research
supported by the CGIAR concentrates on the
critical aspects of food production in developing
countries that are not covered adequately by other
institutions, but which are of global importance.
Currently, the CGIAR network is involved in
research on all of the major food crops and
farming systems in the major ecological zones
of the developing world.

The CGIAR consists of approximately 46
donor organizations who meet twice a year to
consider program and budget proposals as well
as policy issues of the 13 intemnational agricul-
tural research institutes supported by the group.
The World Bank provides the CGIAR with its
chairman and secretariat, while the Food and
Agriculture Organization (FAO) of the United
Nations provides a separate sccretariat for the
group’s Technical Advisory Committee (TAC).
The TAC regularly reviews the scientific and
technical aspects of all center programs and
advises the CGIAR on needs, priorities, and
opportunities for research.

Of the thirteen centers, ten have commodity-
oriented programs covering a range of crops and
livestock and farming systems that provide three-
fourths of the developing world's total food
supply. The remaining three centers are con-
cerned with problems of food policy, national
agricultural research, and plant genetic resources.
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CIAT

International Center for Tropical
Agriculture

Cali, Colonbia

CIMMYT

International Maize and Wheat
Improvement Center

Mexico City, Mexico

CIP
International Potato Center
Lima, Peru

ICARDA

International Center for Agricultural
Research in the Dry Areas

Aleppo, Syria

ICRISAT

International Crops Research
Institute for the Semi-Arid Tropics
Hyderabad, India

1ITA

International Institute of Tropical
Agriculture

Ibadan, Nigeria

ILCA

International Livestock Center
for Africa

Addis Ababa, Ethiopia

ILRAD

International Laboratory for
Research on Animal Discases
Nairobi, Kenya

IRRI
International Rice Research Institute
Manila, Philippines

WARDA

West Africa Rice Development
Association

Monrovia, Liberia

IBPGR

International Board for Plant Genetic
Resources

Rome, Italy

IFPRI

Intemational Feod Policy Research
Institute

Washington, D.C., U.S.A.

ISNAR

International Service for National
Agricultural Research

The Hague, Netherlands




