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Foreword
 

T his 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 modem day, 
innovative research 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 modem 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 frcin 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 valuable 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 conre 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 "dwn-stream," which refer to basic and applied research, respec­
tively. In these days, the guardians of national and international research 
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 y plied, production-type research. CIP is in the advanced stages 
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of solving some of the present priority problms 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 
!o 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 ealy 1987 planning conference on CIP's sweet potato
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 i-otato
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 another 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
 
planirg conference, staf from AVRDC and IlTA 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 of developing countries. 
These activities are the following: putting together a world collection of 
sweet patato 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 :nterested, and using
CIP's regional stations and the country networks for the transfer of tech­
nology and training. 

The research thLt is to be done now must fill the needs of the future for 
sweet 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 
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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 grouil: 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. 

Richard L. Sawyer 
Director General 
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Staff
 

SENIOR MANAGEMENT 

Richard L. Sawyer, Ph.D., Dire;ctor 
General 

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

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

Peter Gregory, 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) 

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

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

III. 	 Control of Bacterial andFungal Diseases 
(Fenl Dis C art)
(E. French-C. Martin) 

IV. 	 Control of Virus and 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. Lando-D. Midmore) 

VIII. 	 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 and Genetics
 
Humberto Mendoza, Ph.D., Head of
 

Department 
Andrea Brandolini, Dot. Agr., Geneticist + 
Enrique Chujoy, Ph.D., Geneticist 
Wanda Collins, Ph.D., Breeder* t 
Fermin de la Puente, Ph.D., Breeder 

(until June 1986, transferred to Genetic 
Resources Department) + 

Ali M. Golmirzaie, Ph.D., GeneticistSiaan 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., Biologist*+

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, In.. Breeder (after July 
1986)+ 

Nematology and Entomology 
Parviz Jatala, Ph.D., Head of Department
Javier Franco, Ph.D., NematolcgistK.VRaanPhDEtmlgs
K. V. Raman, Ph.D., Entomologist
Severino A. Raymundo, Ph.D., Plant 
Protection Specialist* 

Luis Valencia, Ph.D., Entomologist 

(Colombia) 
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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 + 

No~l 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 1)+ 

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 Lath5 America 
Apartado A~reo 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, Ph.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 + 
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Region III - Tropical Africa 
P.O. Box 25171 

Nairobi, Kenya 


Sylvester Nganga, Ph.D., Regional 
Representative 

Gerrit De Vries, fr., 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 Middle East 
P.O. Box 2416 

Cairo, Egypt 


Sidki Sadik, Ph.D., Regional 

Representative 


Ramzy EI-Bedewy, Ph.D., Agronomist 

Cristoph Engels, Ph.D., Agronomist*+ 


Region V - North and West Africa 
11 Rue des Orangzrs 
2080 Ariana, Tunis, Tunisia 
Roger Cortbaoui, Ph.D., Regional 

Representative (on sabbatical) 
Anton Haverkort, Ph.D., Acting Regional 
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)+ 

Region VII - Southeast Asia 
c/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 

Coordinator + 

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 OfficerJacques 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 dcl 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 Vilagarcia. Ph.D., Physiologist 
(Peru) 

(By Department or Region) 

Walter Amoros, M.S., Breeding & Genetics 
Luis Calua, M.S., Breeding & Genetics 
Walberto 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 & 

Entomology 
Erwin Guevara, Ing. Agr., Nematology 

& Entomology 
Angela Matos, Ing. Agr., Nematology & 

Entomology 
Raul Salas, Ing. Agr., Nematolcgy & 

Entomology 
Maria Villa, Biol., Nematology & 

Entomology 
Ilse Balbo, Biol., Pathology 
Carlos Chuquillanqui, B.S., Pathology 
Wilman Galindez, Ing. Agr., Pathology 
Lilian 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 
Ernesto 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 Vidal6n, Biol., Taxonomy 
Alberto Salas, Ing. Agr., TaxonomyAdolfo Achata, Ing. Agr., Social ScienceHugo 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 Qi'eiroz, Ing. Agr. (Reg. 11)
 
Stan Kasule, B.S. (Reg. III)
 
John Kimani, B.S. (Reg. Ill)
 
M. Shahata, B.S. (Reg. IV) 
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. Vli) 
Jorge Apaza, Ing. Econ., Training & 

Communications 
Ida Bartolini, Lic., Training & 

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

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

Communications 
Martha Crosby, B.A., Training & 

Communications 
Cecilia Ferreyra, Training & 

Communications 
Marciano Morales-Bermudez, M.Sc., 

Training & Communications 
Jorge Palacios, Dip., Training & 

Communications 
Jorge Vallejo, Ing. Agr., Training & 

Communications 
Lus 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, GeneralOperatio CFood 

Operations 
Rocio Jimenez, B.S., Auxiliary Services 

Staff as of December 31, 1996 are listed by 
Department or Region.Left during the year. 


tOn sabbatical from other institution. 
+rhese positions are separately funded as 
Special Projects by the following donor 
agencies: 

Australian Development Assistance Agency 
Belgiun, General Administration for 

Cooperation and Development (AGCD) 
Canada, International Development 

Research Centre (IDRC) 
Fed. Rep. Germany, German Society of 

Te:hnical Cooperation (GTZ)
and Agriculture Organization of theUnited Nations (FAO) 

Italy, Ministry of Foreign Affairs 
Japan, Intcrnational Board for Plant Genetic 

Resource 
Netherlands, Ministry of Foreign Affiirs 
Rockefeller FoundationSwiss Development Cooperatien andHumanitarian Agency 
United Kingdom, Overseas Development 

Administration (ODA) 
United States, Agency for International 

Development (USAID) 
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List of Abbreviations and Acronyms
 

a.i. 
AMV 
APLV 
APMV 

avg 
AVRDC 

BARI 
BPI 

BW 

CDH 
CEC 
CGIAR 
CIAAB 
CIAT 
CIP 

cm 
CNPH 
CPE 
CPRA 

,PRI 

CV 

cv. 

d 
DLS 
DNA 

EB 
EBN 
ELISA 
EMBRAPA 
ENEA 

FAO 

FDR 
FONAIAP 

g 
GA 
GCA 

active ingredient
 
alfalfa mosaic virus
 
Andean potato latent virus
 
Andean potato mottle virus
 
average
 
Asian Vegetable Research & Development Center (Taiwan)
 

Bangladesh Agricultural Research Institute
 
Bu,'eau of Plant Industries (Philippines)
 
bacterial wilt
 

Centre pour le Developpement de l'Horticulture (Senegal)
 
cation exchange capacity
 
Consultative Group on International Agricuiltural Research
 
Centro de Investigaciones Agrfcolas "A-Boerger" (Uruguay)
 
Centro Internacional de Agricultura Tropical (Colombia)
 
Centro Internacional de la Papa (Peru)
 
centimeter 
Centro Nacional de Pesquisa de Hortaliqas (Brazil) 
centrally planned economy 
Centre de Perfectionnement et de Recyclage de Pratiques Agricoles 
de Safda (Tunisia)

Central Potato Research Institute (India)
 
coefficient of variation
 
cultivar
 

day
 
diffused-light stores
 
deoxyribonucleic acid
 

early blight
 
endosperm balance number
 
enzyme-linked immunosorbent assay
 
Fmpresa Brasileira de Pesquisa Agropecuaria (Brazil) 
Comitato Nazionale per la ricerca e per 13 sviluppo dell'Energia
 
Nucleare e deile Energie Alternative (Italy)
 

Food and Agriculture Organization of the United Nations 
first division restitution 
Fonto Nacional de Investigaciones Agropecuarias (Venezuela) 

gram 
gibberellic acid 
general combining ability 
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h 
ha 

IPPGR 
ICA 
ICAR 
IDRC 
IITA 
INIA 
INIAP 
INIPA 
INPT 
INRA 
INRAT 
INTA 
IPO 
ISABU 

I, 
lat. 
LB 
LER 
long. 
LSD 
LUE 

m 
meq 
rain 
MJ 
ml 
mm 
mo 

NASH 
ND 

nm 
ns 
NS 

OP 

Pf/Pi 
PCARRD 

PLRV 
PNAP 

ppm 
PRACIPA 

PRAPAC 

hour
 
hectare
 

Tnternational Eroard for Plant Genetic Resources
 
Instituto Colombiano Agropecuario (Colombia)
 
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 de Investigaci6n y Promoci6n Agropecuaria (Peru)

Instituf National de la Pomme de Terre (Togo)
 
Institut National de la Recherche Agricole (Senegal)
 
Institut National de la Recherche Agrono'nique de la Tunisie
 
Instituto Nacion,d de Tecnologia Agropecuaria (Argentina)
 
Research Institute for Plant Protection (Netherlands)
 
Institut des Sciences Agronomiques du Burundi
 

liter
 
latitude
 
late blight
 
land equivalent ratio
 
longitude
 
least significan difference
 
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 
l'rogramme National ae I Amenoration ae ia romme ae Terre (Rwanda) 
parts per million 
Programa Andino Cooperativo de Investigaci6n en Papa 
(Andean region) 
Programme Regional d'Amelioration de la Culture de Pomme de 
Terre en Afrique Centrale (Central Africa) 
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PRECODEPA 
PROCIPA 

PSTV 
PTM 
PTV 
PVM 
PVS 
PVV 
PVX 
2VY 

RH 
RNA 

SAPPRAD 
SO 
sec 
SED 

t 
TPS 

UNA 
LTNDP 
USAID 

var. 
vol 
VS. 

wk 
wt 

yr 

Programa Regional Cooperativo de Papa (Central America-Caribbean) 
Programa Cooperativo de Investigaciones en Papa (southeast region 
of South America) 
potato spindle tuber viroid 
potato tuber moth 
Peru tomato virus 
potato virus M 
potato virus S 
potato viras V 
potato virus X 
potato virus Y 

relative humidity 
ribonucleic acid 

Scutheast Asian Program for Potato Reseaich and Development 
standard deviation 
second 
standard error of difference 

ton 
true potato seed 

Universidad Nacional Agraria (Peru) 
United Nations Development Programme 
United States Agency for International Development 

variety 
volume 
versus 

week 
weight 

year 
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T 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 advantage 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 engineer-
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 managemeqt 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 method&. 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 12,000 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 culture laboratory, 
1986. 
- _ability 

Invitro plantlets in storage: 
1,0t./ clones (5 tubes/clone) 11,000 

In vitro plantlets exported: 
2,500 tubes (3 plants/tube) 7,500 
1,650 in vitro tubers 1,650 

In vitrt Iintlets produced 
for ur- i CIP 12,700 

Clones undergoing pathogen 
elimintiun 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 plant 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 
easy 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 indi( ite 
that it may now be possible to 
move this characteristic from one 
genotype to another. Tissue culture 

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 regenerate 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 
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genetic engineering where success 
or failure depends on the ability to 
regenerate plants for evaluation. 
There is an enormous variaion of 
genotype response and CIP is cur-
rently attempting to standardize 
these regeneration 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 32P and used as probes 
for detection. The NASH test was 
developed through the collaboration 
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 oiher important bacteria 
on potatoes (e.g.. Ertwinia caroto­
vra), 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 Agrobacteriun 
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 
collabor.-'on 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, (e.g., cyto-
plasmic mal- sterility in tobacco), 
Efforts are now aimed at manipulat-
ing cytoplasmic sterility in the 

potato. Fusion of protoplasts 

between a ma!e 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 female plants is 

eliminated, 


Genetic stability of in vitro sys-

tems. The i, 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 
Rothamsted Experiment Station in 
the United Kingdom, CIP is investi-
gating the genetic stability of all of 
these in vitro methods. ?otato 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 Of 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 fragnent 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 proiect 
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 
elimination at CIP and in many 
national programs is thermotherapy 
of plants for four to six weeks at 
360 C followed by meristeni 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 
cleaned in vitro by chemotherapy 
and thermotherapy. Tubes of in 
vitro plantlets are placed into heat 
treatment for three to live weeks at 
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370 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 able 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-
opment 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., hcat 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, 
sornaclonal variation may play an 
important role. New, highly sensi­
tive biochemical methods for nema­
tode identification could be very 
important. 

The implications of gen1etic engi­
neering go far beyond the improve­
ment of protein quality in potato 
discussed earlier. With this 
approach it may be possible to 
genetically engineer potatoes to 
inprove 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 eliminate viris infer­
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
ionas and Erwinia. Theoretically, 

the genetic engineering approach 
may permit production 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 foreseeable 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 o 
Biotechnology 

This review of CIP's current and 
future biotechnological activities 
demonstrates that such activities are 
already helping us to achieve our 
institutional goals and %&illcontinue 
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-
logical methodologies should be 
attempted and which might be fruit-
less? Second, how can we linance 

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-effective for CIP 
because they involve institutions 
that have already made large linan­
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 4,developments dhat 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 
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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 
asexually propagated plant. After its introduction into Europe in the late
sixteenth century, and into North America in the early eighteenth century, 
crop improvement technologies were developed but asexual propagation of
the potato using seed tubers was preserved. The ecological conditions in 
the temperate latitudes favor high tuber yields 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 early plantings, when no aphids are present, and by early
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 season. Under these proper production and storage
conditions, seed tubers ill have an excellent 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 need to select virus-resistan' 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 deve!oped 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 varieties might not have had an optimum adaptation, and 
being susceptible to main pests and diseases they required Lostly 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 diseases and aphids, which begin attacking the potato at an early
stage. A seed crop, therefore, will produce infected tubers that when planted
in the next season will have their inherent yield potential already diminished. 
Also, due 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 countries use costly seed imported
from temperate countries, which may not have the adequate physiological 
age to fit into their potato-growing seasons. As a consequence, the cost of 
consumer potato production is very high-5J% 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 rrany tropical countries instead of a low-cost, 
nutritious staple food as in the temperate countries. 

Since its foundation, CIP has been creating or adapting technologies to 
help increase 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 disease-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 technologies to help solve these problems,
CIP started in 1976 to use sexual propagation (true potato seed) as an 
alternative to the asexual propagation of potatoes. 

Corijparison Between Asexual (Seed Tubers) 
and Sexual (TPS) Potato Propagation 

In spite 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 wlich should be compared objectively (see Table I).
This comparison has been made on the basis of available asexually prop,­
gated commercial potato varieties with TPS hybrid progenies selected at 
CIP. In some countries, 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 later). 

From the comparison, one can see that true 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 
one hectare of the next crop. 
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Table 1. Comparison of potato production using sexual (TPS) and asexual (seed 
tuber) propagation. 

True potato seed (TPS) 

1. 	80-120 g TPS/ha according to field 
sowing or transplanting density. 

2. 	Free from nematodes, insects, bac-2. 	 Fee romnemtode, ac-isecs, 
teria, fungi, and most viruses. Can 

be infected by PSTV. 

3. 	Requires more labor in the initial 
phase of the crop. 

4. 	 In the early stages of plant growth, 
either from direct seed sowing or 
transplanting, more vulnerable to 
weed competition, pests, diseases, 
and stresses. At this stage, artificial 
irrigation is required, 

5. 	Tendency to mature 10-20 days 
later. Comparable or higher yield 
than seed tubers. Larger number of 
smaller size tubers. Relatively less 
uniform in tuber quality factors. 

6. 	Tubers are less adequate for pro­
cessing for fast-food industry. 

7. 	Gist of storage and transportation 
is extremely low. 

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

Seed tubers 

1. 	1000-2100 kg seed tubers/ha accord­
ing to tuber size and planting den­
sity. As a reference, seed/ha forcereals: rice, 60-75 kg: wheat, 40-50 
kg;eald c, 0-5 kg. 
kg; and corn, 30-50 kg. 

2. 	Can be infested by economically im­
portant nematodes and insects, andinfected by bacteria, fungi, viruses, 

and PSTV. 

3. 	 Requires less labor and planting can 
be fully mechanized. 

4. 	 In the early stages of plant growth, 
less vulnerable to stress factors due 

to a more vigorous and uniform ini­
tial growth. 

5. 	 Earlier maturity and clonal uniform­
both physiologically and in tu­

ber quality. 

6. 	 Well adapted for processing forfast-food industry. 

7. 	Cost of storage and transportation 
is very expoisive. 

8. 	Total cost of production is much 
higher. 

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 isolating an individual genotype (varietal 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 a 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, thL. 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 enviroiiments 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 wiii 
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 variety (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 need to select for 
a number of characteristics that are not necessary for traditional potato
breeding: seedling vigor and uniformity in the nursery, ability to recover 
f,'om transplanting, plant vigor and uniformity in the field, uniformity of 
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maturity, and tuber uniformity (color, shape, and number). The following
charactcristics are selection criteria for both TPS and variety breeding:
earliness, yield, yield components (tuber number and tuber size), resist­
ance to eaiy blight, late blight, and viruses, and, more recently, to bacte­
rial wilt. The breeding method to select TPS progenies 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 th~ese attributes. So far, 
CIP has selected at least 20 superior progenitors to produce TPS prog­
enies, i.e., LT-7, LT-8, LT-9, TS-1, TS-2, DTO-28, R-128.6, Atzimba, 
Serrana, Atlantic, Maine-28, CFK-69.1, etc. These progenitors flower well 
and produce large amounts of seed. 

Each year CIP tests the field 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 aie sent every year to 12 to 15 countries for 
field evaluation. This is called the International Progeny Testing Trials. 
These tria3ls, 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-scakl 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, I.T-8 x LT-7, Atlantic x LT-7, 
and Atzimba x R-128.6. 

e Open-pollinatedclones or varieties: A clone or variety grown in the 
field produces open-pollinated (OP) fruit. Under field conditions, 
about 15% to 20% of the seed 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 ooth OP clones and OP TPS progenies 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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* 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) roduces the best synthetics for 
TPS utilization. CIP i. now producing larger amounts of these prog­
enies for regional testing. 

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 after three generatiotis of open pollination 
compared to the yield of the original hybrid, e.g., Atlantic x TS2, 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 TPF program. Potato flowering and fruit production, 
strongly influenced by daylength and temperature, require daylengths of 
15 to 17 hours with mean temperatures of 150 to 18' C for abundant pro­
duction of TPS. Under tropical latitudes, however, these conditiens are 
not present as the days are 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 240 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 ad'equate moisture, fertilizer, and pesticides, which favor fast 
and healthy .:.niration. 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 trarsplantiig to the field. An extra 
number of seedlings are also grown to select the most vigorous ones for 
transplanting. Extreme care is taker, in the following ten days after trans­
planting to avoid transplanting shock. To overcome this problem, proper
irrigation of seedliiigs 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 cm spacing or 
100 plants/m2) until tuber maturity. Seedlings are established either by di­
rect sowing or by transplanting from seedling nurseries. At maturity, tu­
bers are harvested and tored 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 m2 (larger than I gin), with a total tuber weight of over 
10 kilograms. In 30 m2 of nursery bed produce enough tubers toone can 
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 
traditional planting method. A grower or a national agency using this 
method can produce seedling tubers intensively in a small and easily con­
trollable area that permits the elimination of abnormal plants and off-type
tubers. Seedling tubers from TPS can also be produced during off-sea'on 
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 Restarch W;Ih National Programs,
On-Farm Evaluation, and Farmer Adoption 

Through CP'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 ceuntries. 

Research and use Countries 

Experiment station research Chile, Argentina, Peru, Colombia, Jamaica, Ve­
nezuela, Uruguay, Costa Rica, Cuba, Mexico, 
Burundi, Rwanda, Ethiopia, Senegal, 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. 

Farmer 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 prograins 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-transnuit cd dibzases. 
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 remoteness of these is­
lands from a better seed source. Both methods of transplanting seedlings 

31 



and planting seedling tubers are being used for commercial production in 
Minda:.,o 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
ducion from transplanted seedlings. The laiger tubers produced are sold 
for consumption and the smaller sizes for seed 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 tuber, 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 yield
potential of seedling tubers produced from hybrid and OP TPS progenies 
to that of farmers' own seed. The mean yield 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 seedling tuber crop. Furthermore, in more recent studies, crops
from seedling 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 progenies 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 on­
farm evaluation and demonstration in 1987. 

In India, TPS research and on-farm evaluation of agronomic technology
and TPS progeny selection has been successfully tested for three years,
and significant progress has been achieved. Presently, three locally bred 
hybrid TPS progenies have been selected, and several kilograms of seed 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 seedling tubers ranged from 20 to 35 tons per hec­
tare, with good tuber uniformity and acceptability for table consumption. 

The development of methodologies for producing TPS on a commercial 
scale requires a major effort 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 ethanced by optimum daylengths and temperatures.
In Chile, about 14 kilo ,rams of TPS of seven selected TPS hybrid prog­
enies for distribution to countries was produced by means of hand emas­
culation of the flowers. In India, however, the availability of varieties with 
a flower type wiih an extended style makes caasculation 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 iubers 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 Gernplasm Collection 

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

Ten thousand seedlings, 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 live 
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. 
These clones 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
luci6n, 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 research 
contract with the Weizmann Institute in Israel, asymetric fusions were 
made to transfer nuclei of two clones (Atzimba and Atlantc) into cyto­
plasm that confers male sterility. Plantlets regenerated from these fusions 
indicate that male sterility has indeed been transferred. 
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Sweet Potato Collection 

Thirteen expeditions to collect sweet potato germplasm were carried 
out in !986. A total of 1079 accessions were collected in 521 localities, 
and centers of great genetic variability were identified in five of the six 
countries explored. 

CIP's sweet potato gene baui. now cojIttains , I(J accessioln. which are 
maintained as clones and seed. Of these, 1967 belong to lpomoea batatas, 
814 to wild iponocaspecies, 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, Breeding, and Distribution of Advanced Clones 

There was intensive selection of parental clones to be used for variety
selection and true potato seed utilization. Six clones were introduced to 
the see6i program for cleanup and regional distribution. These clones are 
progenitors with high general combining ability for yield and tuber uni­
formity as well as earliness 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 (Alternariasolani) were intro­
duced to the lowland tropical populations, which resulted from research 
contracts with North Carolina State University and Cornell University 
(U.S.). Results indicate that it is not 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 tolerance (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 . new approach for parental line selection for 
general combining ability (GCA) for yield. It has been found that the 
evaluation of open-pollinated pregenies 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 partial 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 
(15 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 tegioral germplasm station in the Philippines 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 from 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. solanacearun 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. solanacearumn, which was effective in identification 
of the bacterium in plants or tubers, is now in use in 16 countries. Twenty­
two *.wsources 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 peridern. 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 
funtj and the Ervinias. 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.
However, 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
Cafiete on the coast of Peru. Eighteen weed species in eleven families 
were found to be in,"-cted by V. dahliae in fields of the central Peruvian 
highlands. A survey of 255 potato fields in Pakistan led to the identifica­
tion of IS fungal and 3 bacterial diseases. 

The best control of damping-off and premature death, both caused by
Rhizoctonia solani, was achieved 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
PLRV and the viruses tested, and it might explain the rapid loss of PLRV
resistance in some cultivars under 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 are 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 serological tests
for viruses irciude the preparation of an antiserum for potato virus A,
*eplacing reagent grade latex by cheap industrial latex or bacterial cells
is carriers of antibodies, and the development of immunobinding assay
)n nitroceilulose cultures. 
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Microcrystals related to PLRV have been found in embrionary aphids 
in the abdomen of viruliferous mothers. The significance of these findings 
on PL.RV ecology 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 iegregating popu­
lation of 3000 genotypes. Use of the nematode parasitic fungus Paecilo­
in 'mceslilactnus in the presence of aldicarb looked promising in controlling 
root-knot nematode at one quarter of the recommended rates of aldicarb. 
Tests are being conductcd 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 early and advanced mate­
rials. Forty-three selected 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 potato tuber moth (PTM) damage in the foliage. There appears to be 
some association between this resistance and the presence of glandular 
tri,-homes. 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 
lefminer 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 bas.siana 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 areas 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 yield 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. 

lntercropping with potatoes, has received considerable attention in sev­
eral countries. A number of' potato clones tolerant to shade have been 
identified in Peru. lntercropping experiments 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 tirie considcrcd tou hot for the potato 
crop. In Bangladesh, potatoes have been grown successfully with sugar­
cane, providing almost double the incone of other sugarcane intercrops. 

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 stem-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 specific character and th:tt various laboratory or screenhouse tests 
may be necessary to quantify heat tolerance. In contrast, salt tolerance 
may be quantified more sinply by using in vitro techniques. 

Good progress continues in the identification 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 early 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
plants 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-resistant, population have exhibited high yield per­
formance as compared to that of local varieties. 

The search for clones efficient in the use of nitrogen continues. Studies 
have confirmed that clones that yield 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 reduce losses of consumer 
potatoes in warm areas. Four new stores, divided into 10 units (500 kg
each), have been bailt in San Ramon. In these stores, methods to control 
potato tuber moth, soft rots, and sprouting will be iutegrated with tech­
nologies on stofe 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 intervals. 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 180 C), rate ofsprout
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 
researchers 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 researchers 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 
institutions 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 food 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 village-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 foxd mixes, C!P has been caurying 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 a.athropological study of household 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 to 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 tor 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 seedlings 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 meth9dology to ensure t., production and 
maintenance of high quality seed. Twelve kilograms of selected hybrid 
TPS was produced in Chile and distributed to approximately 50 countries. 
Significant increases in TPS vigor were obtained through supplemental 
nitrogen applications during seed 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 TP5J 
quality could be maintained by drying mature TPS at 200 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 field establishment 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 i1 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 constant 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 potatoes. 
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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 seed 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. 

TI'e potential benefits of the lowland potato project in the Philippines 
were highlighted in a recent study. The project is focusing on solu­now 
tions to three major constraints: inadequacies 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 

T 	 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 diseases. 

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 Yuriiriaguas, 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, 
rainfall regimes, soil types, and inci­
dences of pests and diseases. 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 Peni and the potato-growing seasons, with meteorologicaldata 
for 1986. 

Site: 
Latitude: 
Altitude: 
Growing season: 

Lima-La Molina 
12o05'S 
240 m 
Jan-Mar May-Nov 

Huancayo 
12°07'S 
3280 m 
Oct-May 

San Ramon 
11008'S 
800 m 
Nov-Mar May-Aug 

Yurimaguas 
5041'S 
180 m 
May-Aug 

Air max (0 C) 
Air min (0 C) 

27.60 
18.88 

20.09 
13.97 

20.47 
6.06 

29.65 
18.61 

30.01 
15.94 

30.47 
21.25 

Evaporation
(total mm) 505.59 538.40 1203.41* 780.8 564.62 377.40* 

Rainfall 
(total mm) '.50 6.5 799.53 976.60 337A0 693.00 

Solar radiation 
(daily MJ/m 2 ) 18.52 6.76 20.82 18.76 17.86 no data 

* Evaporation using Pich6 evaporimeter. 
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THRUST I 

Collection, 	Maintenance, and Utilization of 
Unexploited Genetic Resources 

A new potato species was discovered and described as Solanum donachlui 
Ochoa. in the continuing search for new sources of resistance to Pseu­

donmioas solanacearuni, about 10.000 secdlings from seven hybrid combi­
nations involving tour 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 areas where P. solanacearumn has ever been found. In 
another 10.000 seedlings (representing 20 species) screened for resistance to 
potato leafroll virus, 	 immune as well as highly rcsistant accessions were 
found. 

A second potato collecting expedition went to Ecuador and collected 2)8
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 breedrs worldwide. CIP now ha, 2035 accessions of potato germplasm
in vitro a,.er more than 120() accessions were cultured in 1986. 

In an effort to sel ct aluminum-resistant gcenotypes, in vitro cultures of 
several clones were subjected to aluminum stress. The regenerated plantlets 
are being grown under conditions of high p1] and high aluminum concentra­
tion for further analysis. The Weizmann Institute in Israel. vith whom CIP 
has a research contract, transferred nuclei of two ttbthrowum cultivars into 
cytoplasm conferring male sterility. 

Thirteen expeditions to collect sweet potato ger'mplasni in 1986 resulted 
in 1079 accessions being collected in 521 localities Centers of great genetic
variability were identified in live of the six countries explored 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 
lpolnoea batatas, 814 to wild Iponioea ,we'ies, and 359 are breeding lines. 
Routine methods have been established t''it 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. Lima, Peru. 47 



BIOSYSTEMATIC STUDIES pallida has become accessible to breed-
A new potato species, belonging to the 
taxonomic series Conicibaccata, was found 
in Colombia in 1986 and described as 
Solanum donachdOchoa. 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) 
was confirmed for the species S. ligni-
caule (I EBN) and S. circaei'oiuln (I 
EBN), and was newly determined for S. 
abancayetnse (2 EBN) and S. witmackii 
(2 EBN). In their range of natural varia-
tion, S. lignicaule and S. circacifriumn 
have genotvpes with resistance to the poltato 
cyst nematode Globodera pallidhi. In the 
past it was difficult to cross S. circaeif-
inm with any other potato species; how-
ever, with the determination of the EBN 
of S. circaetijiliun, 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. circaeiji)liun, such as 
S. comnersonii, can serve as bridging 
species for further hybridization steps. 
Thus, one more source of resistance to G. 

ers. 
Dunng 1986, major effort and lesources 

went into the completion of a 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 
Pseudonionas solakil'new-utl. 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) inoculation of seedlings, 2) reinocula­
tion of the transplanted survivors from 
inoculation I, and 3) retesting of the new 
clonal material. 

Combinations involving accessions of 
S. bukasovii, S. boliviense, and S. sogar­
andinum have consisteItly given the best 
results (Table I). The ,aterial is now at 
various stages of multiplication and is ready 
to go into the regular breeding program 
for resistance to bactkrial 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 125 0-31WC). 

Progenitor species 
and accession numbers 

BUK 13856 x PHU 10199 
BUK 13166 x PHU CCC4731 
BLV 11935 x BLV 11938 
BLV 11938 x BLV 11935 
BLV 11938 x BLV 11937 
PLO 13231 x PLO 13230 
SGR 13336 x SGR 13006 

Percent (0/o) survival 

Inoc. 1 Transplant Inoc. 2 
Inoc. 3 
(clones) Final 

56.1 56.5 46.2 100.0 14.6 
59.5 63.6 32.1 100.0 12.1 
92.0 58.7 63.0 95.0 32.3 
79.4 53.4 51.6 82.5 18.0 
72.6 55.5 68.0 100.0 27.4 
95.1 97.4 23.7 100.0 21.9 

100.0 36.2 41.2 80.0 11.9 
BUK = S. bukasovii; PHU = S. phureja; BLV = S. boliviense; SGR = S. sogarandinum; PLO 

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

Another 10,000 seedlings representing 
twenty species from the taxonomic series 
Commersoniana and Tuberosa were 
screened 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-
erosa were found to be hi"Ihly PLRV-
resistant. Experience with species from the 
series Commersoniana and Tuberosa sug-
gests that the utilization of these sources 
of virus resistance should be relatively 
easy, particularly if most of the germ-
plasm enhancement is carried out at the 
diploid level. 

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

POTATO GERMPILASM COLLECTION 
A second 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 Cafiar in southern Ecuador. 
A total of 208 samples 0i native cultivars 
and three 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
titied as the diploid species S. phureja. 

The CIP cultivated potato collection was 
ieduced by another 651 duplicate acces­
sions, which will be di,:carded after true 
seed samples have been obtained from 
them. Good progress was made during 
1986 in transferring CIP's cuitivated potato 
gernplasm to in vitro culture. More than 
12(X) accessions were cultured in 1986, 
bringing the total of the ini 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 cultivated 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 compwerized data file on the in 
vitro collection is updated routinely so that 
information on transfer dates of in vitro 
cultures can be easily retrieved. This col­
lvction 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 Experimental Station in the 
United Kingdom. 

An inventory of 650 native Andean 
potato cultivars with an array of resist­
ances to pests, diseases, and other useful 
traits has been prepared and is ready for 
distribution to potato breeders and breed­
ing institutions worldwiW,-. This publica­
tion, entitled inventorv qfAndean Potato 
Cultivars with Resistance to Some Pests 
and Diseases and Othtr De.sirableTraits, 
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 Italian National Institute of 
Nuclear and Alternative Energy Sources 
(ENEA), several hundred pollen-derived 
plantlets were produced from a range of 
potato genotypes. Apparently some of 
these genotypes contain genes controlling 
"tissue culture ability," while others lack 
thi; character. There are still prohlems in 
the management of pollen-derived 
embryoids, and experiments are currently 
aimed at increasing tie total number of 
intact plantlets regenerated. 

Selection for aluminum toleram:ce. In 
an ef,.':i to select aluminum-resistant 
genotypes in vitro, callus and protoplast 
cultures were produced from the clones 
LT-2, Revoluci6n, DTO-2. and D)TO-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 alumintm con-
centrations. The regcnerated plantlets were 
again propagated in the presence of alu-
minum. These plantlets are now growing 
in pots under conditions of high pH and 
high aluminum concentration for analysis 
of overall growth and yield. 

Protoplast fusion. In a collaborative 
contract with the Weizmann Institute in 
Israel, funded by the U.S. Agency for 
International Development, asymetric 
fusions were made to transfer nuclei of 
the clones Atziniba and Atlantic into 
cytoplasm that confers male sterility.
During 1986, plantlets regenerated from 
these fusions were teceived 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 

so 

sweet potato germplasn 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 
accessions belong to Ip;oiioea batlaas. In 
the rest of the material, 28 wild lpoinoea 
species and Iour natural hybrids have been 
identified. Five of the wild species are 
related to L. btatas. The expeditions 
identified centers of great genetic varia­
bility in live of the countries that were 
explored. 
Some cultivated accessions were 

received as donations from several national 
institutions during these expeditions. The 
Univcrsidad Nacional de la Aniazonfa 
Peruana at Iquitos, Peru, donated 46 
accessions, and various institutions in the 
Dominican Republic donated 112 acces­
sions. 

At present, ittotal of 3140 sweet potato 
accessions are maintained in CIP's gene 
hank either as clones or botanical seed. 
Of this total. 1967 accessions belong to 
I. balatas, 814 to wild Iponoea species. 
and 359 clones represent breeding lines. 
These breeding lines were selecteu from 
722 introductions from Peru, the Domini­
can Republic, and the United States. 
Selections were made on the basis of yield, 
otheragronomfic characters, and root-knot 
nematode resistance. 

'\ total of 196*7 accessions of/. batatas 
from six Latin American countries are 
maintained clonally at CIP in Lima, Peru. 
The cultivars from Peru are maintained in 
the field, and those from Bolivia, Col­
ombia, the Dominican Republic. Ecua­
dor, and Venezuela are maintained in pots
in quarantine greenhouses. Progress hits 
been made in the morphological charac­
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THRUST 11 

Production ard Distribution of 
Advanced ,reeding Material 

n 1986 six clones were introduced into CIP's seed program filr diseasecleanup and regional distribution. These clones are progenitors with high
general combining ability (GCA) for yield and tuber uniformity as well as 
for earliness and heat tolerance. They are to be used in breeding for variety
selection and true 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 ilmune. 

Selection lor resistance to early blight (Alernaria so/ani) has continued 
and reevaluation of selected clones froni previous seasons 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 toler ace 
,electrical conductivity of 3.5 minhos/cm or more), four clones with yields
ranging from 9 to 20 t/ha tohave been identified. Clones with resistar.ce 
Fri'iniaspp. have been identified within the population for the hot, humid 
tropics. In crosses between andigena and resistant cultivars, the frequency
of resistant genotypes rancd from 3% to 40%. There has been continued 
progress in selection for mediurn 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 varieties. 

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 progenies 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.e., bulk pollination, clone x tester, and com­
plete or p-irtial diallels. In Bangladesh, six highly selected clones fron CIP 
breeding populations have the potential of becoming new varieties--one clone,
720088 (B-240-2. I ), gave the highest yields in trials. The national potato 
program in Vietnam has also selected live 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,
yield, earliness, and tolerance to alurmnum toxicity,
at Yurimaguas, Peru. 
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DEVELOPMENT OF ADVANCED 
CLONES 


Intensive work was carried out on select-
ing parental clones to be used for variety 
selection and for true potato seed (TPSI 
utilization. In early 1986, clones 
378015.13. 378(15.16, and 379706.34 
,immiuli to both potato viruses X and Yi 
were submitted for discase cleanup and 
for use by national programs. Later, three 
more chnes, which had been tested Irm capacity to their progenies but did trans­
several years, were submitted lor cleanup: 
C83.119 (377887.17 x LT-7), 377964.5 
(DTO.2 x Atlantic), and Mainc-28 
(AF303.5) hich was made available to 
CIP by Dr. A. Reevcs from the Univer-
sity of Maine in the United States. Clone 
C83.119 has a high general combining 

A CIP clone from the heat-tolerantand 
early maturing famlily 382081 (377964.5 x 
P2 C6 .1) being evaluated in Cuba hy the 
nationalpotatoprogramn. 

ability (GCA) for yield and tuber uni­
fornity. Clones 377964.5 and Maine-28 
are excellent combiners for heat toler­
ance, earliness, and tuber uniformity. 

A sample of 31 selected f'eiale clones 
from itltuberosin background and a group 
,)f' CIP hybrids were tested for parental 
value by using a line x tcster analysis. 
The results indicated that the titherosiun 
clones did not transmit a high-yielding 

mit earliness and, in some, good tuber 
unillonuity. Conversely, most CIP 1,ybrids 
transmitted a very high-yielding capacity 
to their progenies. 

In Venezuela, 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 icre selected 
for further evaluation. In FONAIAP 
rional rials, CIP clone 380670. I (India
853 x Atlantic) showed god agrononiic 
characterilic,* such as high yields nd 
earliness, as wcil as tolerance to late blight
and possible tolerance to golden luint­
tode. To date, 1500 kg of basic secd of 
this clone have bcei produced for on- au-m 
testing prior to varietal release. A second
 
possible varietal release 
 is the Colonlbian
 
clone 80-428-2 (Greta x (dipcol Monser­
rate x India 1058)), which was o.riginally
 
selected from 
 CIP tuber family 378051.
 
This clone gave excellent yield per­
formance (I 7 kg/planto without chemical
 
control of late blight in the castern zone
 
of Venezuela at an altitude of I(XX) 
 meters. 
The control variety in this trial (Sebago) 
yielded 0.7 kg/plant. 

POPULATION DEVILOPMENT 

Early blight (Alternaria solani). Peru. 
The introduction of early blight resistance 
into the lowland tropical populations was 
continued at San Rainon. 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 source!s of resistance to A. solani 
were introduced into the lowland tropical 
populations, which originated from 
research contracts with North Carolina 
State University tphurcja-st'notomtum) and 
Cornell University ijoeo-tuberostnm) in the 
United States. Good levels of resistance 
and acceptable yield.; were found in some 
of these families (Table 2). Despite the 
positive correlation between length of the 
growing period and resistance to early 

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 75 Yield 

Earliness 0.08 0.44 -0.46 

EB60 
 0.31 -0.53'"* 
EB 75 -0.49 


*Significant at the 50/o level; -significant at 
the 1% level, 

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
cares that the ccrrelation is not absolute 
and that it would be possible to shorten 
the growing period while still maintaining 
an adequate level of resistance. 

Late blight (Phytophthora infes­
tans). Colombia. Trials continued in Co­
lonbia 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 ccmbined 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 identified 
(Tabie 3).

Kenya. Tfhe procedure followed in 
Kenya in 1986 for screening clones for 
late blight resistance had four stages: I) 
10-hill plots, 2) 20-hill plots, 3) prelimi­
nary yield 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), 
San Ramon, 1986. 

Family 

Sacco x EB81P3.11 (NC) 

71C15.20 x EB72P4.B133 (NC) 
Sacco x EB66P1.B2 (NC) 
NDD277.2 x 378676.6 (CIP) 
NY59 x NY72 (NY) 

8L2.9 x 378015.16 (CIP) 
Maine-47 x 378015.16 ICIP) 

NY59 x T53.26W (NY) 

NY59 x ADG.LB (NY) 

EB 60 ES 75 

3 2 

3 3 
3 2 
3 3 
3 3 

3 3 
4 4 

4 4 

4 4 

Cornell ijniversity (NY), and CIP. 

Yield/plant
(g) Earliness 

124 2 

398 4 
438 2 
657 4 
677 4 

727 2 
694 5 

542 5 

590 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 yield performance of the best five late blight resistant clones and 
three contrcls at Rionegro, Colombia, 1986. 

Intervals of late blight readings 
Clone 1 2 

382397.9 3 2 
383081.27 1 4 
383042.9 1 1 
383119.14 1 1 
383105.6 1 1 
Picacho (control) 1 3 
Purace (control) 3 6 
Capiro (control) 5 7 

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

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 t/ha, respectively. The 
highest-yielding clone (tuber family 
selection 379417.11) gave 53.3 tha. The 
majority of clones showed better late blight 
resistan~ce than the controls. 

3 4 5 
Yield 

(kg/plant) 

4 2 2 3.73 
2 2 2 2.32 
1 3 2 2.21 
1 3 2 2.18 
1 2 2 2.15 
7 9 9 0.40 
6 7 9 0.23 
8 9 9 0.03 

1000/o damage. 

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: I 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 t/ha at 
Molo and 42.5 t/ha at Mau Narok with 
blight scores of 2 and 3. 

Bhulan. The national potato program 
evaluated 16 introduced cultivars, prin­
cipally for yield and 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 scorea for scorea forSite (t/ha) control (t/ha) control best clone 

Category 3
 
Molo 12.5 18 (3 6 )b 53.3 6 4 

Category 4 
Molo 15.8 19(21) 36.0 6 2 
Mau Narok 17.9 17(20) 42.5 6 3 

aCIP late blight rating scale: 1= no damage; 9 = 1000/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 cul-
tivars will be reevaluated in 1987. 

In a preliminary yield trial with four 
replications at Yusipang, clone 800949 was 
the highest yielder 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-
gram 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 genotypes 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 l0' cells/mi. 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 selected, 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 
zharacteristic 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, 

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 
open-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 selfei, 
open-pollinated (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 pollination. 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 perforance of some culti-
vars (mentioned earlier) that did not depress 
by inbreeding and some that did was field-
evaluated by means of an II x II diallel 
experiment without reciprocals. The dial-
lel analysis indicated that the highest esti-
mates of GCA (,gi)corresponded to the 
cultivars that did not depress by inbreed-
ing, while the gi 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 popalation 
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 
earliness, 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 controllinig 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 cl nes. 

Clone Attribute or resistance 

LT-1 Heat tolerant, early 
LT-5 Heat tolerant, early 
LT-7 Heat tolerant, early 
LT-8 Heat tolerant, early, PVX, FVY 
Maine-28 Early 
PW 31 PVX, PVY, PLRV 
377887.35 Tuber yield 
377888.8 Early 
377904.10 Tuber yield, early 
379706.34 Heat tolerant, PVY, PVX 
575049 Late blight 
7XY.1 PVY (duplex for PVY) 

Total 

a Expected as a function of absence of seed spot. 

No. of dihaploids 
Expecteda Confirmed 

133 27 
16 10 
59 20 
67 32 

148 24 
16 9 
10 4 

5 3 
126 9 
71 21 

281 21 
20 14 

952 194 
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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, 
[he inbreeding (F=0.333) generated in the 
process of doubling will be dissipated by 
crossing these progenitGrs to unrelated and 
highly heterozygous partners. The aver-
age inbreeding coefficient of a progeny
like YYyyXXxx x yyyyxxxx will be 
decreased to F=0.055, which is very small 
and should not have a major influence 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 crate a new population 
with combined resistances, 

Kenya. Now that a CIP rotato breeder 
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 expression 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 
GP5 47 8 

9a
Potato virus Y 39 

Potato virus X 8 3
 
Potato leafroll virus 43 25 
Root-knot nematode
 

population 1 108 10
 
population 2 66 11
population 3 53 4 

Total 368 75 
"Four clones were hypersensitive. 

produce progeny fromderived crosses 
between the best of CIP's new disease­
resistant genetic materials and certain local 
varieties 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 
early 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 continues 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 transmit.ed to them 
its earliness and heat tolerance. 

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

Cultivar no. Pedigree 

CIP 720088 (MPI 61375.23 x B-2565) 

CtP 379666.501 [(BR63.B5 x Katahdin) x Maria Tropical] 

CIP 379688.230 [(BR63.65 x Atlantic) x CGN-69.1 

CIP 379667.421 [(BR63.65 x Katahdin) x Maria Tropical] 

CIP 379659.657 (Atzimba x Maria Tropical) 

CIP 379673.150 [(BR63.74 x Anita) x Maria Tropical] 

Characteristics 

Main season variety (90 days); 
moderate yield; field-resistant 
to late blight, bacterial wilt and 
leafroll; law degeneration rate; 
heat tolerant excellent storabili­
ty in fa;mer's store; white round 
tubers. 

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

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

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

Very early (60-80 days); excel­
lent yield; 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-tuberoswm clones 
received from Cornell 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, Philippines. 
Under lowland conditions at Canlubang, 
seven trials were planted to study the per-
formance of heat-tolerant materials. 
Twenty of these were second generation 
tubers of selections grown on the same 
site, the rcst were supplied through CIP's 
contract with the Plant Research Institute, 
Australia, 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 
tolerance to PLRV. In a similar degen-
eration trial planted at Pangasinan State 
University, B-71-240.2, P-3, and also 
Sequoia gave high yields. 

Forty cultivars were evaluated 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 yields were given by Sequoi., 
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 seed 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 
adar. 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 iwo introduc­
tions from Argentina mentioned above 
gave excellent yields from second gen­
eration 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 Vietuan, 
live 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 
69.84 x Atlantic, and Serrana x 14XY.4. 

In the Red River Delta of Vietnam, 
potato varieties are needed with long dor­
mancy coupled with short-day adaptation. 
Three CiP clones, P-3, 381064.12, and 
381064.7, continue to show good adap­
tation under these conditions. Comnier­
cial propagation for planting materials is 
obtained by sprout cuttings, and regula 
S. iuberosum-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 either S. andigena or S. phureja in 
their parentage, are better adapted to these 
requirements. 

In the southern hills of Laos, the first 
CIP clones were introluctd 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, Erwvinia, and late blight. These 
clones are now being rapidly multiplied 
by cooperative groups of farmers who 
urgently need 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), imported seed of varieties 
from the Netherlands, and older local 
varieties. The highest yields were obtained 
from the varieties Escort and Condor 
(25 t/ha), which had no late blight symp-
toms, and from CIP introduction 573275 
(ASN 69-1) (22.3 tlha). which showed 
slight symptoms of late blight, 

In Senegal, cultivars introduced in 1985 
were grown in a replicated trial in 1986 
and selected 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 (350 C). Locally produced seed of 
Desiree gave the best yield, but among 
the CIP clones, CFK-69- 1, IT-6, D)TO-
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 SEEL) 
In research on the use of true potato seed 
(TPS), experiments were carried out in 
San Ramon to compare the performance 
of hybriO families (F,) with their respec-
tive open-pollinated OP, and OP, gener-
ations. This research included 27 families 
from each generation. In the conpari-
sons, F, vs. OP, F, vs. OP, and OP, 
Vs. OP2, the following results were 

obtained. In 22c of the cases, OP, > F1,
 
and in 30% OP 
 = F. In 30%1 of the 
progenies, OP2 > F,. and in 18% OP, 
Fl. Furthermore, in 30%of the progenies, 
OP, > OPI , and in 40% OP, = OP,. In 
only 33% of the families was the F, supe-
rior to both OP I and OP,. These results 
suggest that in this population the effect 
of inbreeding on yield performance may 

not be very severe. It can be assumed that 
in the F, hybrids the coefficient of 
inbreeding (F) was F: 0. In the OP1 , the 
F value would be variable with a maxi­
mum value of 0.1667, depend:ing on the 
amount of selling. 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 
to two reasons: I) 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 i:; possible that 
the infertility produced as an effect of 
inbreeding may eliminate 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 
families could be used by farmers in the 
de~eloping world who could repeatedly 
use OP seed from their own crops. 

Trials to evaluate yield and earliness 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 earliness and
 
high total yield.
 

GERMPLASM ISTRIBUTION 
CIP tested 4456 samples from the seed 
program (Gen il) 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 

62 



Table 8 Distribution of germplasm from CIP headquarters in Lima, Peru, during 1986.
 

iII Vtro tr outlto 
 IrIVtOClones Tut',v flaruumhls pixits seeds Seedl I)lou liev tubers 

Acces Acce5 Ac(u:-s Acu:es AC(eS Acc es.CIP feguon s UonsUnits sines Unos sinus Out; sorus Unts sons U-ts Souns U is 
l

I (5)" 639 8.795 112 1,145 19 57 27 5,400 16 137,650 ­
11(17) 505 6.448 231 9,542 147 125351 19.446 62 366,200 13 1,425 
III (7) 252 1.154 283 6,575 32 3064 7,000 13 2-19,530 -

IV (4) 102 2.489 101 9.074 
 25 5,000 8 30,000 
V 18) 55 716 15 511 25 5,000 16 58.400 - -
VI 1(51 96 3.477 24 2,271 26 6,750 20 1,353,400 . -
VII (7) 835137 375 17.008 78 165 96 14,280 14 44,220 14 1,353 
ViI (1) 28 359 40 80
 
O1hes (15) 47 216 
 81 160 70 24.545 20 78.000 -

Totl (69) 1,833 24,130 1.169 46,485 391 424871 8,/421 169 2.417.400 27 2.778 

" Numbers in parentheses indicAe the number of countries vithin each region, and for "Others" 
the number of developed cou1ntries to which shipments were made. 

eradication ltleastes taketn t) pte,,nt seeds (IS). and (0 test tulbes oI'ill vitro 
Conlt.tllamination ill cpyorl Iii 1rtal ,Z et. phaMtlCts to e'leven COntrLlll'ieS. 
hee"n successf'l.. 

l)urin 9 6 (IP disribulCd ,'CleClic 
iltalrials to 0) Coluntries'Atldls ide (l 
8I. The ('11IP et-uistt Ill -'el1.nus ival--
ititll atd distribution ctttll.r illNairobi. 

Kenya. C\ ported 0) c'htcts to \aiutlis 
Coltries in Africa..\ i .!',pr-
trttntof cc.rllp!allt.L\uialiotl fotr Soti-
Leat. Asiia 1W, hCaet ll7tli/ed t (ls 
recional ,cttipl1asiI stutiol a1 St. luciai. 
Philippitnes. ,.\l1 atid(i'CCll\ ilttlc'Ced 
proillisillp loites ate illtiit.iltted ittd t1I1-
tipIied in vitro aid titt.riilt il'.diStrib-

-lAeI\lNIN(i
 
I)ue to tileinICrCeSii,!z LjLuantitils of iiiVito
 
cm-ilaIlil heiny ,portcd aitiiually front
 

('11), traittile, activtties 11\ citnOllcntrated 
Oil tisLCu c'Iilti CClhiqute..c.l_ t ci­
elitists ftillt lOl1. Atmerica. and 
.d\tsia1C.tlt tOl of .2 ol*tlcd i l %CekS 
ttainniin, that Ctttphaisied iapid pritpaa­
titml in Iilo anI tihe Iratmfer of' in \ itro 
platltlelto ilteI;ts ,utt. .\ gettlai) sinhe 
ttIMt.ii ctllt CtOlselasi held in Turkev, 

lteld
1I t11h:1- C,lIlric , 0 alliatlitllit llthe seCOtId on1 to1he held ilCtC tAe'r a
the lli of in pkitle s.I,il att CitIte"s. 
aid Slma;ll ILitbers. IThe Sta. I.uciilslioltil 
diStribliteL in I980 a total of' 288f) cut-
iint's, 15.372 ltlbcrs. 21 .00)t ttc potato 

,fil0 ItI ealrs., iltld\\,I%,asalleilded hv 
sciCtlists t- l SpL. aildSudai., tile 
Middle Fast. 
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THRUST III
 

Control of Bacterial and Fungal Diseases
 

A new population, derived from several potato species with resistance to 
bacterial wilt, was crossed to 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 promise in lields infested with 
Psetdomonas sohnaceartum in Mindanao, Philippines. A scissors-cut method 
proved t,be allellicLent means of inoculating potato plants and seedlings 
with P.solanaceartun. Al antiserum elfectivc in identilying P.solanacearun 
in infected plants or tubers is in use in 16 countries. 

Large numbers of Eri-winias (Ecc), the causal agent of soft rot, were detected 
in irrigation water at three sites in Peru, but liltering the contaminated water 
through sand reduced the numbers of Ecc by 94'4. CA6lcium fertilization 
resulted in a thicker tuber periderni with greater resistance to Erwinia. Tuber 
rots in San Ramon were shown to be a result of interaction between several 
fungi and Erwinias. The greatest plant loss in the field was due to P.solan­
acearuni and early dying Caused by different fungi. 

In studies to improve inoculation procedures with PhIqpliihora iqiestans, 
zoospores were found more effective than sporangia. When R-gene-free pop­
ulations were screenred for general resistance to P. i#' sans, lower concentra­
tions of race 0 zoospores were needed. The inoculum was more efTective when 
grown on potato leaves than on agar medium. Screening 31,000 seedlings with 
acomplex race of P. inft'sans resulted in 29% seedling survival. When another 
10,000 seedlings 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. n1berositi subsp. andigena, was screened 
for general resistance to P. infi'stanswith race 0, and 22% expressed resistance. 

Early blight (Alternariasolani)seedling screening did not correlate well with 
adult plant field tests in San Ranion but an acceptable correlation resulted between 
Lima screenhouse screcning and San Ranmon plants inoculated at 75 days. Field 
evaluations of 65 clones fOr resistance to Veriticilliuln dahliae on the coast of 
Peru yielded 15 resistant c!ones. The best control ofR.solani damping-off 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 (left). showing symptoms of chlorosis and 
wilt, infected with Verticilliurndahliae,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 live 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 maturod in 86 days 
in San Ramon. True seed of this cycle of 
selection were sent to the Philippines where 
they were planted in the field in Mindanao 
and exposed to natural field infestation of 
P. solanacearutnand high temperatures. 
This work in Mindanao was carried out 
in collaboration with the Philippine Bureau 
ol Plant Industry (BPI). Clones were 
selected 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 
s'iected, some of which had no willed 
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 inoculun pres-
sure later in the year. 

Although superior in wilt resistance to 
the S. phureja-derived populations, which 
were developed four to live 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 

of race-specific R-genes) For Phytoph. 
thora itfestans. 

Latin America. Seven advanced clones 
from CIP with reported resistance to bac­
terial wilt were tested in the laboratory by 
the National Agricultural Research lpsti­
tute (FONAIAP) in Venezuela. Only Cniza 
148, now named as a variety in lPurundi 
and other countries, appeared to be resist­
ant. These clones vill 5e tested in field 
trials next season. 

In Brazil and Uruguay, the testirng of 
breeding materials with bacterial wilt 
resistance has continued at the National 
Center of Hlorticultural Research (CNPHI) 
in Brasilia, and at the Center of Agricul­
tural Research (CIAAB) experiment sta­
tion in Uruguay in a special lield house 
with inoculated soil. As the natural level 
of field inoculum was low in Brazil, a 
high percentage (5617( ) of clones passed 
the field test. In Uruguay. however, good 
levels of infection were oihtained in the 
field house. Three clones showed zero field 
symptoms, but when the tubers were tested 
by latex scology no clone was comll­
pletely free of latent infection. The levels 
of resistance to P;. sohlntceartum still need 
improvement as symptomless plants could 
still be a source of disease spread due to 
latent infection. None of these materials 
has resistance derived fron the wild spe­
cies used in the multiple hybrid comubi­
nations reported in Thrust 1. 

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 ismost 
prevalent. During January-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 evaluacion in Burundi. 

wilt toleran~e, were multiplied in a wvi!?-
free 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. disease. The remain-
ing 679 clones will receive one more 1110-
tiplication at the same site before being 
screened for baIcterial wilt, 

Wilt-tolerant varieties and advanced 
Jlones were planted at Gisozi in Septem-
bet 1985 and harvested in January 1986. 
There were six replications, and visual 
wilti, g symptoms were recorded weekly 
until harvest 14 weeks after planting. Fig-

ure 1 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 
thre'ughout the different development 
projects in Burundi. 

In Kenya, 20 advanced clones were 
evaluated for resistance to bacterial wilt 
through contract work with the Nai.onal 
Agricultural Laboratories in Nairobi. The 
trial was replicated and test plants were 
inoculated artiicially with a suspension 
of the bacteria. No clones were corn­
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 to bacterial 
wilt is so essential throughout CIP's Region 
VII, that a major collaborative research 
program has been continued annually in 
an attempt to identify resistant or tolerant 
genotypes. The most resistant selections, 
allproduced locally, had Cruza 148 in 
their parentage. However. bacterial wilt 
resistance alone may not be sufficient for 
conditions where root-knot neinatodes are 
present in the soil. Root-knot neiatodes 
are known to injure roots which in turn 
provides entrance for the P..sIltana-
Cew-',n1 bacteria into the plant. This is why
re:;istance to root-knot nernatodes will 
eventually have to be combined with 
resistance to the bacterial wilt pathogen. 

True potato seed (IPS) fVamilies froin 
the newvly combined hybrids incorporat-
ing bacterial wilt resistance from wild 
species, developed at (IP. were evalu-
ated by CIP and the Bureatu of Plant 

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. Inoculurn for all methods 
consisted of'I x 108 colony f'orning units 
(CFU)/ml of Peruvian race 3 strain 204 
grown for 48 hours on Kelman's agar 
medium without tetrazoliui. Plants used 
for testing the effectiveness of the pre­
pared suspension were cuttings of the sus­
ceptible variety Ticahtsi four weeks after 
being transplanted to one-liter plastic pots. 
Ten plants were used pcI treatment, and 
tie test was repeatLed twice at tempera­
lures averaging 25.30 and 27.60 C. re­
spectively. 

The four melhods that were compared 
with soil infestation were 1)stem punc­
ture, 2) scissors-cut method, 3) leallet 
inliltration, and 4) carborundun injiu ry.
Soil infestation was donic by drenching 
tl soil around the stem with 40 ml of 
inoculu in. Stein puncture consisted of 
inserting a dissecting needle through a drop

Industries in tilePhilippines at I)alw .n- of inoctlum into the axil of the third leaf 
gan, Mindanao. and transplanted to the 
field at Intavas, Nindanao. A total of 714 
clones were harvested and 225 were 
selected for general agronoinic charac-
ters. It is of special interest that aniong 
the clones selected at both sites. CP lain-
ily 784(115. which has AVRDC 1287.ItL) 
as the male parent, was predominani. One 
clone, 384(115.3, was tilehighest yielder 
at both sites and showed (We' bacterial wilt 
ten weeks after planting. The selected 
clones will be used as parents to combine 
with locally adapted varieties, 

Comparison of inoculation methods. 
Soil infestation 

below the apex. A scissors-cut method 
involved cutting the terminal leallet of the 
third leaf below the apex with a dissecting 
scissors dipped in inoculum. Infiltration 
was perforned bV using a needluless dis­
posable syringe litted with an additional 
perforated plunger end piece from an 
identical syringe. Pressure was applied 
with the plunger so that tileinocul out 
passed throuh the perforated pltnger end 
piece onto the undersidC of the lCalet 
(where most stoiates are located). The 
other side of the leallet rested against the 
hand. Inoculation with carborundum was 

with suspensions of P. done by first (lustinc carborundumr 60)
solanaccarut is the method presently usel mesh onto the topside of the leaflets andat CIP in screening for resistance and for then rubbing the dusted side ofthe leaflet
other inoculation studies. This method, with a cotton tip immersed in the iInoCu­
however, requires large numbers of bac- lur. This method is identical to the one 
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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 
0/o Diseased 


Method plants 


Stem pu nctu re 100 
Scissors-cut leaflet 100 
Leaflet infiltration 100 
Carborundum injury 40 
Soil infestation 35 

a 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 carborundurn and 
infiltration methods were inconsistent, as 
the percentage and the rate of' wilting in 
the susceptible material was clearly lower 

12 days 
°/o Diseased 

Indexa plants Index 

4.0 100 4.9 
3.2 100 4.8 
2.2 100 2.8 
1.6 75 2.3 
1.4 90 2.9 

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

Figure 2. Symptoms resulting from potato plants wvith P. solanacearum by four methods 
(left to right): stern puncture, scissors-cut, rubbing with carborundum, and infiltration. 
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Antiserum production and distribu-
tion. A broad spectrum rabbit antiserum 
that reacts with all races of P. solana-
ccarun 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 research has 
resulted in the production of several 
hybridomas that produce monoclonal 
antibodies agains, a race 3 strain of P. 
solanacearutm. 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 P soltina-
cearun took place at Wiscor-.. tnd 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- I) Potato Collection at Stur­
geon Bay, Wisconsin. This group repre­
sented 102 species, and each accession 
was tested as an approximately 50-seed 
lot in trays containing jiffy mix. Two 50­
seed lots were planted in one tray. Seed­
lings grew for 21 days in a greenhouse at 
22' C. Prior to inoculation they were not 
watered for dhree days. The soil was 
drenched with live liters of' P. solma­
cearutm strains 8 (race I) and 81 (race 3) 
at concentrations of 6.0 x 105 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. phuire ja, four S. acau/e, three 
S. coninersonii, two S. polytrichon, two 
S. raphan/oliun, and one cach S. ber­
thaultii,S. blatco-gadosii,S. holiviense, 
S. brachvcarpum, and S. chacoense. 
Future plans are to test the high-temper­
ature stability of the resistance of these 
clones. 

At CIP 85 intra- and interspecific crosses 
between 31 tuber-bearing Solanun spp. 

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

Country Amount (ml) 

Brazil 10 
Burundi 40 
Colombia 10 
Costa Rica 100 
Cuba 50 
Guatemala 5 
Malagasy 10 
Mauritius 5 

Country Amount (ml) 

Nepal 10 
Pakistan 5 
Papua New Guinea 10 
Philippines 30 
Samoa 5 
South Africa 5 
Trinidad 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. 

screened by planttit t'vt trays wilh levels otf 
50 seeds each frii each 

were resistance involved I I confirmed 
cross c itliina- parentnl uheriferots Sdmuum species

tiotn. The trays were placed it] it a screent- (ucau/h, hka.w'ii, holivien.w. candol­
house ard kept at a 24' to 38 C'" h'anuto, ,ehtis tih, /ct ophves '' 
temperature ramne. After 'toirweeks the 
soil lilX was tc'hed with a suspetsiott 
of I x IOs Cl >tttl tt" Peruvian strain 2)4 
(race 3). As plants developed initial wilt 
syntptotlns, they were pulled t,. arid sur-
vival ranged from 0,; to 1(0'.(:(Fig. 3). 
Nonwilted plants were tr:'nsplated at eigit 
weeks to tne-liter plastic pots. ttany ding 
sotrtr Iterafter dit. to [he expression of 
latent itfection. Sirvivtors (3 to 4X per 
lintlyiv) were aga in iltcLlatcd after flUr 
weeks with 4(0 nilof intoculutm per pitt. 
Survivors of the bcst 10 faimilies wer z 

grton or Iiber pr dutCtiott in the greet-
hIouse wit il ltail inV Iay to tubCriZC. The 
clones that did tuherize were intoculatCd 
with I x i0"CFU/tnl Rwandese strain 122 
(race 3). Seventeen lamilies that had high 

phutrija. phlqtuiianunz, raphtanit/lium, 
.(iItatiti(t1iltal. aid .'.parxipihum) and one 
species tentatively idenftlied ,ias tpap-S. 
jense. Three of' the farnilies %%ere of 
intraspecific crosses intokl itng dilferet 
accessions oflho/iviensl, ]'/qloatiniantunt. 
and .or(1,gara1ndint . Selected clones could 
1tot he niaintainted. but sCC Iaiilies rep­
resenting the nost igotus in growth and 
with a high frequency of resistance were 
screened a aitt.The best clhoies have been 
placed ill tissue culture ftir maiItettarice 
and future testing for high-tentlperature 
stability and getteral resistance to P. 
.ulhnt,.arum 

Bacterial soft rot (Erwinia spp.). Large 
populations ( -l1O'celis per liter) of' 
Eriniacartovorapv. carotowvra (Ecc) 

71 



Thi-hers hatrrcsta . )' t'Plait r (I %Simr Rnrmmirr t.sljrittwt'orI. A, [eft
t /h .'Aitith Er.vinia so.0t 11rot. iL'ht m -rutr-wh 1t/) rI/I"! (,(tI'rI(i /ii t Ill­

vere detlectled thronihot the veal- in iiri- samples conamilta ciiate[hair soil saorplcs
.atimn watcr attSan Rnion (80) 111). sill-ill t.'0110rol plotS irrilcatCd with nntrctled 
lar liUhers s te also recoRdClI aitwater" (70.)) of sanlples coitaminated). 
Iluancayo (32() in) and Iiura (240 111. 
hi_bacteria %.crc not detected in well 

.atcr trom the three sites. Neither E. car-
(11tr<, .11.tolrM pv . /,,ia'YrsIar-

Picini wkered tdlee)e d ill waler.ii-rication 

'he ahility ol Fcc isolatcs to multiply rap-
flv in San Ramon watcr, hnt not ii dis-
lied water, was demonstrated. Filterine 
MtaMiniated water ihrou,,ch a 75-cm depth 
I line river sand orladdinc sodlim 

ypochlorite to the water (Iinal colcel-
ation: 5 ppm active chlorine) reducdCl 
icconcentration (l'Irvniria cells by 
44-. and 1)9.9'/(, respectively. 

I)uring the San Rani (itm-sea.itl (.)tinte-
opt. 1986). soil samples rom ilOulld 
ibers of IPS transplants (l)csirae O)U 
at were irrigated with chlorinatcd water 
mnta ined signilicarily less r'jrrijia 
roughoLut thecurowing s ason (0.7; of* 


Thc treated water, however, was ph tto­
toxic tio the_. growinc, potato tralsplants. 
Phytotoxicity wais nol obScrv'Cd drriHL the 
pr~cvious wet season (No v.-FeI.I198- 0 
ill
potatoes crown IroIrn see 
 tubrs.
ld 'oll­
tuinination b\' i c o1* the soil ,,ts'rouLdill2 
tubers inplot, irricatCd \kith chloriatCd 
water was it oblservcd initiall\ lhrceas 
with uintrcated watcr, the oil sa cn­
taminated imniediatelv tol1(minu the tirst 
irigation..\ll plots. litwe\Ce. werlsub­
setCtittl21l ColltallillllCtd to an11CIlnal CXtllt 
lolhrwint proloiced rainill later in tle 
.growitie seJson. pr-ohablv dlre to I aclia 
coMllieu I'roll i tlill, lltber"seed 

Calcium utrifion rtllre'istaniceto soi 
rot. ('umntract rcarch at dhe I'niersitv of 
Wisconsin had slhiowl that iricre~scd cal­
ciur lcrtiliatiotll potato pltl, illC'caSCd 
the calcimll ontolltC tub's. that01' tild 



higher calcium tubers of a given cultivar 
were more resistant to soft rot. Furthering 
this research, 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, 00 tubers per treat-
iiment- from four rejlications, wero 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-
treated plots had smooth skins with the 
netting absent. 

The peridenn thickness of 20 tubers with 
well-developed netting (over 80% of the 
surface well-netted) and 20 with smooth 
skins was examined by scanning electron 
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 
smooth skin, the periderm depth ranged 
frorn ' 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 wai 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 p,,ssil'Ie 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 p.-rcent dry matter at two sites 
during two years ranged from 14.5% to 
21. 1%. The c,,!ivars Atlantic, Ncoksack, 
Butte, and Russe Burbank were rela­
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 evaluated bothin 1983 
and 1986. 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, researchers at Wis­
consin assayed tubers from seven culti­
vars, which had been stored for seven 
months, for po!yphenols in peel tissues. 
The cultivars Butte, Norgold. and Russet 
Burbank, which are the least susceptible 
to tuber soft rot, had relatively high con­
ccntrations of polyphenols (1.23, 1.20, and 
0.95 ng/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 
TPS (Desirde OP) caused a 43% !oss of 
stand in rotation land at the CIP station 
in San Ramon during the wet season (Nov.-
Feb. 1985-86). Losses were higher still in 
land that had been previously under potato 
for several seasons (76%) and during the 
following dry season (62%), which was 
June-September 1986. Examination of 
affected rlants revealed a complex of 
causal agents involving pathogenic fungi 
and bacteria as well as insects and heat 
or drought stress. Isolations from dis-
eased plants shower! infection by P. 
solanacearutn, E. carotovora pv. caro-
to'ora,Rhizoctonia solani,Pythium spp., 
and Fusariun 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. solanacearutn, diagnosed in 
45% of the wilting plants. In the dry sea­
son, R. solani was nore 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 .:gnificant effect on 
plant loss during the wet season. How­
ever, when tolclofos-methyl was applied 
(as Rizolex at 50 kg/ha) to trimsplants 
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 Ecc 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 fuigal 
rotting agents and Erwinia therefore seems 
likely since this fungicide is nontoxic to 
Erwinia spp. 

Studiks on the interaction of calcium 
fertilization, potato tuber moth (PTM) 
infestation, and incidence of Erwhiia 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. 

Pathogen 

Erwinia carotovora pv. carotovora 
Fusariurn oxysporum 
Fusarium solani 

Pythium spp. 
Rosellinia sp. 
F. oxysporum + F. solani 
E. carotovora + F. oxysporum 
E. carotovora + F. solani 
Fusarium spp. 

Storage period (months) Average 
2 4 6 (0/o) 

23.33 12.12 2.32 11.51 
43.33 54.54 32.55 45.32 
16.66 21.21 32.55 23.74 
10.00 3.03 2.32 4.31 
3.33 3.03 0 2.15 
3.33 1.51 6.97 3.59 
0 1.51 6.97 2.87 
0 0 13.95 4.31 
0 3.03 2.32 2.15 
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Figure 4 External yrmptons of Rosellina black tot detectep recently in San Ramon, Peru. 

cas C 0IrCd ulCrI'hruist VIII. An. 
R'ep. /9)'.'C)repeated 1986(. In lesswere it 
difl'.cd-il t,hoc,ill Sari Rarinu., tIe 
incidence of tner rAotli.. v.',alhOt1t 50'( 
Iiher ,itcn pr-c'+t0rmii.c LtItSitin! Of tuler,, 
%%Iith caIk.i tIIIII , httI was rot untI arind 
PTIM vas n]()t controlled wit11 ('idial 
insecticide. ('Close lnldinlpectior a;.alv,,, 
Of 10ottit+. tnh-cr, resCelCdiI I,, still"rfini 

,tt [i1.11 fonlrd inl i'C\Otl, 'ilson ad a 
high proportiot At dr',rt (Ise iul Sp. I. 
ais well a,,Some otllcr diseases such a,, 
P'iom sp. and Rkllioii sp. (Tahie 3,. 
Thi, ks the first detection of' Ro.wlini,, at 
San Rato (I-i,. 4). 

IN(GAL l)ISLASI.S 

Breeding and screening for late Iblight 
(Phytoplthora inl'estan;) resistance. li 
order to diStitnUn'ish hesscern race-spCcific 
resistance and 2CCral rcistitlC to late 
hli)Tht ill breedintei lpoputios. inorC pie-
cise intOcuiLatioir rrthedtds had to he deter-

miled. PIc\ ioul,]ithe iiociultuiti had 
consistcd of nii\tre,, of' sporatigia and 
/oo,)porcs of/'. i i hutl it sas lblind 
thatt / ,)MPrcV, u:sCd alone p1rtoducCd I) to0 
3( e IIOre tln tIhe nnixtnre.ti diSea..iI,,i 
('iomplc\ race I.2. 3. 4. 7. I0 \kas com­
pared to a i\tnlrc of races, collected 
throughoiut P ru i ntculatir- o)pCn-pol­

ted (OP) SCCdlin, of th0e cititi.ar Re­
naciietto. The iixture prosd to be Ilmore 
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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 tissue caused 54% 
more disease than the inoculum produced 
on artificial media. 

The effectiveness of different spraying 
equipment used for dispensing inoculum 
was determined. The equipment consisted 
of three electric vacuum/pressure pumps 
and one manual knapsack sprayer. each 
containing the same amount of zoospore 
concentrations. The knapsack 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 seed-
lings in 129 families, 75% of which were 
screened as in previous years with a corn-
plex race of P. infestans. The remaining 
25% "vere screened with race 0. The 75% 
group had an average seedling survival 
rate among families of 29%. The 25% 
group had 22% R-gene-free seedling that 
were very susceptible and 8% that were 
resistant. 

A second population of S. tuberostum 
subsp. andigena origin, which is being 
developed as a source of general resist-
ance, was screened for the first dine with 

race 0 using a low inoculum load ?f 2500-

4000 zoospores/ml. Of 30,000 seedlings 

in 36 families, 22% had low infection rates 
or general resistance. Thus, general 
resistance is present in both populations. 
Plans are now being established to develop 
a general resistance population combining 
both sources. 

Local field testing for late blight resist­
ance was done with the Peruvian national 
potato program at HuuAnuco (northeastern 
highlands, 2200 m) in 10-hil! observation 
plots. Seventy-three clones were selected 
among 429 for resistance, high yield, ear­
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 (i) and percent belowarea 
the disease progress curve (ABDC), and 
the yield per plant. The indicators of 
resistance are measured by "r," the slope 
of the disease over time, and by "A1DC." 
the area below the disease proL.ress curve 
determined by "r". 

An additional field test of seedling 
progenies from 28 advanced clones was 
carried out in Huinuco for resistance to 
late blight. Eight clones were selected for 
high general 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 Revoluci6n 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 disease 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 Revoluci6n 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 collaboraiom with the 
National University of Central Peru. 

Latin America. Selection trials were 
carried out by the National Agricultural 
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Table 4. Yield performance of the best ten clones tested under heavy late blight field infect'on at 
Huinuco, Peru (2200 m). 

CIP no. 
Infection 
rate r) 

ARDCa 
(0/0) 

Yield 
(kg/plant) 

381109.160 0.071 0.31 2.536 a* 
UPF 70.3 0.010 1.04 2.226 ab 
381104.39 0.134 0.31 2.131 a-c 
381111.150 
UPP 100.4 

0.004 
0.001 

0.30 
0.20 

2.040 a-d 
1.961 a-e 

381127.113 0.001 0.03 1.938 a-f 
380389.1 
381109.150 

0.087 
0.035 

1.98 
2.37 

1.821 b-g 
1.807 b-h 

381111.151 0.013 0.25 1.802 b-h 
381127.160 0.002 0.64 1.749 b-i 
Yungay (control) 0.082 42.39 0.214 x-z 
Tomasa Condemayta (control) 0.144 93.99 0.018 z 

cV (%/) 27.1 

a ABCD = area below the disease progress curve. 
*Means followed by the same letter are not significantly different at the 50/6 level. 

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

Treatment Yield 0/0 Net profitABDCa It/ha) over control 

Perricholi 0.10 a* 35.83 a 598 
Rosita 10.21 b 17.41 b 136 
69-47-2 17.68 b 15.04 b 82 
Revoluci6n no fungicide 55.24 c 11.48 c 0 
Revoluci6n + 2 appl. of Ridomil 51.97 c 17.61 b 108 
Revoluci6n + 5 appl. of Dithane 47.25 c i7.76 b 114 

0 ABDC = area below the disease progress curve. 
*Means followed by different letters are significantly different at the 5/0 level. 

Research Institute (FONAIAP) in Vene- Institute (ICA). Although late-maturing
zuela, at two sites close to Tachira and (150 days), it has been selected because 
Merida. Of the 100 clones bred princi- of its outstanding yield performance.
pally for late blight resistance, 55 were TropicalAfrica.In Burundi. the national 
selected for general agronomic charac- program of ISABU continues its selection 
ters, field resistance to late blight, and program for late blight resistance. Large
yield. One of the clones, 83-207-2, is one numbers of clones are screened during the 
of three possible varieties and was oblained two wet seasons in which blight isa major 
as TPS from the Colombian Agricultural problem: September-February and March­

77 



Table 6. 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, Petu. 

Treatment 

Perricholl 
Rosita 
69-47-2 
Revolucl6n no fungicide 
Revoluci6n + 2 appl. of Ridomil 
Revoluci6n +3 appl. of Dithane 

Arc sinea 

/O/odisease 
Yield 
(t/ha) 

0/o Net profit 
over control 

0.10 a 59.68 a* 70 
9.98 b 31.11 e -21 
9.98 b 35.31 d -11 

37.50 c 38.22 d 0 
10.10 b 44.93 b 43 
20.22 b 40.57 c 5 

'The level of disease was measured one month before harvest.
 

*Means followed by different letters are significantly different at the 5/o level.
 

July. Clones evaluated for the first time 
in the 1985-86 season 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 mnch 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 correlation existed between 
results of screening for resistance at the 
seedling stage and adult plant reaction. 
First, twenty-seven families were screened 
by inoculating them with suspensions of 
A. solani spores at 2500/ml. Later, 25 
families were inoculhted with 3500 spores/ 
ml. Inoculations were done at the seed-
ling stage (40 days) in the screenhouse at 
Lima in flats placed inplastic 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 intoculated 
at 45 days and evaluated at 60 and 75 
(lays after transplanting to the field in San 
Kamon. Correlation coefficients were low 
(r=0.002 to r=0.322) and varied between 
the two sets. The best correlation was 

between the Lima screenhouse test and 
the San Ramon field test when rated at 75 
days (r=0.455). The diurnal temperature 
Iluctuation 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 seedbeds 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 early blight scores for the 
best families in Table 8, and the corre­
lation coefficients in Table 9. 

A thesis I oject for the University of 
San Marcos demonstrated that the three 
different species 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 
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Table 7. Early blight evaluation of 2x-2x and 
4x-2x families at the seedling stage (40 days 
old) in a screenhouse at Lima and in large seed-
beds at San Ramon as compared to a resistant 
(R) and susceptible (S) control. Seedlings were 
inoculated with an inoculum suspension of 3500 
spores/ml. 

Genetic No. of Pei-cent resistant a 

matarial families Lima San Ramon 

2x-2x level 
R x R 4 100 25 
R x S 20 60 35
Sx R 12 17 0 

4x-2x 7 0 0 
Resistant-OP 


(control) 2 100 100 

Susceptible-OP 

(control) 3have 

aResistant = families with an early blight score 
of less than 4 (25/o) in a scale of 1= 0% leaf 
area infected to 9 = 97-100O/o leaf area infected. 

seeds per tray) at Lima. The frequency of
resistants (ratings 1-3 on a scale of I = 
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 to select for 
resistance to A solani continued at the 
National Center of Horticultural Research 
(CNPH) in Brasilia and i,ear Anapolis. 
True seed of possible resistant genotypes 
was supplied by CIP, Lima, and multi­plied. Of 295 clones obtained from this 

multiplication, only 23 (7.8%) were 
selected after field exposure to the dis­
ease. Some clones with good tuber char­
acteristics and high levels of resistance 

been selected for the soil conditions 
of the "Cerrado" area, which have highaluminum 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 evaluated at the 
seedling stage at Lima and San Ramon four days after inoculation. 

Farilies 

2x-2x 
EB66P14-Ri x 381 Bulk 
EB72P4-R9 x 381 Bulk 
EBG6P8-1 1 x 381348.7 
EB66P32-812 x 381348.7 
EB70P8-P1 x 381348.7 
Ea6GP1-B2 x 381348.7 
FH-130 x BW-1 
HB2-15 x FH-202 
FH-168 x FH Bulk 

4x-4x 
1-1150 (Resist.- control) 
1-931 (Resist.- control) 
DTO-33 (Suscept.- control) 

Early blight scores ( to 9) 
Lima (screenhouse) San Ramon (field seedbeds) 
4 days 6 days 3 days 4 days 5 days 

3.5 4.0 2.0 3.0 3.2 
4.0 4.0 2.5 3.5 3.5 
3.5 3.5 3.0 3.5 3.5 
3.5 5.0 3.2 3.5 3.5 
3.0 3.0 2.2 2.7 3.0 
4.0 4.0 2.0 3.2 3.5 
3.0 3.0 3.2 2.7 3.0 
3.5 4.0 3.0 3.2 3.5 
3.5 3.5 2.2 2.7 3.0 

4.0 4.0 3.0 3.0 3.0 
3.5 4.0 2.0 3.0 3.5 
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 theseedling stage (47 families) at Lima and San Ramon on 2x-2x and 4x-4x crosses involving resistant 
germplasm. 

San Ramon.3 a 
San Ramon-4 San Ramon-5 

Lima.4b 0.449"* 0.436** 0.481 * * 
Lima-6 0.390* 0.465* * 0.464 ** 

aTest conducted at San Ramon and families evaluated three days after inoculation, 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 season. 

Simil;. genotypes were 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 early 
blight infection of less than 15%; and froii 
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 

Verticillium wilt (Verticillium dahliae). 
In Peru, on the coast at Cafiete, further 
evaluations for field resistance to Verti-
cillium wilt were performed with 65 clones 
from 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 

block design. The incidence of the dis­
ease 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 t'iat 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 one conducted during the Lima 
summer (19"-28' C) in 1984-85 was again
repeated in the winter (14'-20' C) to con­
trol damping-off and premature death of 
seedlings transplanted to the field. Only 
the most effective fungicide treatments 
were repeated. As before (Ann. Rep. 
1985), the best results were ob:ained with 
the combination of Basamid fumigation 
+ Rizolex + plastic cover. 

Lanosa disease. In Ectlador, a collab­
orative study between CIP and the National 
Institute of Agricultural Research (INIAP) 
on the disease known as "lanosa" was 
started in 1985. The three main objectives 
were to I) identify the pathogen, 2) deter­
mine host range, and 3) to identify pos­
sible sources of genetic resistance. During 
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Table 10. Weed hosts growing in farmers' fields in the Mantaro Valley (central highlands) of Peru 
from which Verticillium dahl/iae was isolated. 

Samples Isolation 
Plant family and species collected

(no.) 
frequency

(/) External plant symptoms 

COMPOSITACEAE 
Bidens pilosa L. 80 11 None 
Senecio vulgaris L. 80 20 Chlorosis, wilt, defoliation 
Tagetes elliptica L. 10 20 None 
Tagetes foeniculacea L. 15 13 None 
Tagetes multiflora L. 35 6 None 

CRUCIFERACEAE 
Brassica campestris L. 80 11 Chlorosis, wilt, defoliation 
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 hispi"- Gaernt. 95 5 None 

MALVACEAE 

Malva sylvesttis L. 100 4 None 

PRIMULACEAE 

Anagallis arvensis L. 10 20 Chlorosis 

PORTULACACEAE 

Calandrinea ciliata Kunth 5 20 None 

CHUENOPODIACEAE 
Chenopodium quinoa Willd0 

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 mycelia 
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 re,;istant 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-
nis 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 sch as mashua 
(Tropealumn tuberosum), and quinua 
(Chenopodurn quinoa). 

Rust disease (Puccinia pittieriana). A 
cooperative research project with the 
National Institute of Agricultural Research 
(INIAP) in Ecuador was started to study 
the rust fungus Puccinia pittieriana, which 
can be severe in specific microcliniatic 
zones. There were 130 clones from INIAP 
and CIP tested for reactions in fle field 
at two disease-specific sites, El Belen and 
Sabahag. Results were not identical at each 
sit' 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 new test site at Pillaro, where the dis-
ease has economic importance, 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 
11, 1985. The project was carried out as 
part of art agreement with the Research 
Institute for Plant Protection (IPO), 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. 

The main problem was soil-transmitted 
fungi associated with the lack of rotation 
in most of the regions visited. Verticil­
lium albo-atrun 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. F'usaritnl 
solani was less frequent but still signifi­
cant. The presence of the seed-transmit­
ted strain was not verified and snould be 
investigated. Sclerotinia scleroiiorun wilt 
was found mainly in the Swat District of' 
Pakistan and was associated with foliar 
damage by farms animal or field workers 
during spraying for late blight. 

Late blight (P. ifestans) was a prob­
lem throughout the colntry, except in the 
Gilbit region, and causes severe damage 
to potato crops in areas with heavier rain­
fall. To better control this disease, 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 isareas 
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 
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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 vulus (PLRV) andother 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 agronomicalhy superior progenies has
been developed to speed up the selection process of clones with good agro­
nomic performance and resistance to PVX and PVY. Testing for virus resist­
ance under field coilsitions was continued in Peru, Colombia, Chile. Argentina,
Uruguay, and Tunisia. It is worth noting that c ' ae 381371.81, selected in
Uruguay, lcs excellent agronomic characteristics, good virus resistance, and 
an 80-day ,,.r-iancy period which is suitable for a two-crop regime. The 
success of CIP , recurrent breeding program can be supported from the selec­
tion in Uruguay of families that showed approximately 60% of virus-resistant 
selections. Studies under field conditions confir.:, -' 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 Tunisia have shown that four
generations 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 procedures for preparing and labeling potato spindle
tuber viroid (PSTV) nucleic acid probes allowed more efficient detection of
PSTV-RNA. Radioictive probes ( 32 P) are now used routinely, and the use 
of 35S or nonradioactive labels now seems possible.

An extension of the NASH test for detecting PLRV, PVX, and PVY has
been studied in collaboration 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-rela'ed 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 typesof nucleoprotein particles. Bar represents 200 run. 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 studies 
were initiated to investigate the mecha-
nisms of virus interaction. Experiments 
were conducted on clone B-71-240.2, 
which isknown to have resktance 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. I). 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 explaii why PLRV-resist-
ant clones rapidly become susceptible to 
PLRV 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. 

Development of virus resistance. Pent. 
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 

in the greenhouse with the efficiency of 
natural field infection have now been 
established. 

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 PVY c , PVYN and PVY ° group 
of strains, respectively. It was also immune 
to wild potato mosaic virus (WPMVI Peru 
tomato virus (PTIV), 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 
Solanwon tuberosunt 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 in the strategy of CIP's breeding 
program for virus resistance to assure that 
the desired field durability of PVY-resist­
ant clones is maintained. 

Nineteen true potato seed (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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Figu~e 1. Concentration of potato leafroll virus (PLRV) in clone B-71-240.2
infected with virus SB-22 and potato virus S (PVS). PLRV was detected by
ELISA at weekly intervals after plant inoculation. 

Sixty-nine families with a total of Ii.040 
cuttings are now being screened for PVX 
and PVY resistance according to the pro-
cedure described above. Twenty-two of 
these families will also be evaluated for 
PLRV resistance. 

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

exposure to viruses at the early seedlii:g 
stage. 

Argentina. 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
gram 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 lowest 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 Desir~e, 
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 marker were diffi. 
cult to obtain, 

Uruguay. Virus infection in Uruguay, 
particularly by PLRV, was extremely 
severe in 1986, making it an excellent site 
for selection of resi:;tant materials. The 
national scientists have selected many 
promising clones even after the second 
exposure to field infection. Clone 
381371.81 has excellent agronornic char-
acteristics, good virus resistaqce, and atn 

80-day dormancy period and would be 
suitable for the two-crei 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 21 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 aidormancy 
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 families, as this will 
indicate the success of CIP's rccurrent 
breeding program. Some families, such 
as 382018 (378703.11 x 7X,Y.l) and 
382021 (Serrana x 7XY. I),showed 
approximately 60% of resistant selec-
tions. 

Tunisia. CIP and national scientists have 
now completed the fourth multiplication 
of imported seed. Only 6.5% PVY was 
detected by ELISA serology 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 seed quality supplied to 
t,-e
farmer. 

A set of clones previously selected 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-nionth-old tubers 
of imported Spunta, the standard variety. 
The objective was to identify clones 
adapted to North Africa, but with good 
resistance to PLRV, IPVY, 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 1986, 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 i ':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 field 
exposures in Lima and Huancayu, 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 intction, 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-
sensitivit) to PVY such as Rosila and
Tonasa Condenayta showed 301/' and 

70% PVY infection, respectively. inde-
pendently of lthe level of resistance to PVX 
and PVY, PVS was more prevalent inall 
of clones tested than PLRV, APLV, and 
APMV. Aphid counts in the experimental 
plots at both sites indicated large popu-
lations of winged Mvzt. iw/sicav and 
Macrosilhtmo etUp/,rbiae, assuring a high 
incidence of aphid-transmitted viruses in 
the experi,nts. 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 inumu-
nity to PVX and PVY was shown by their 
high "symptom intensity indexes" (SI) 
.mnd by a high yield decrease (2-63%) 
after four field exposures when compared 
with the yield of the first ex: :,sure (Table 
I) (Fig. 3). Clones immune to PVX and 
PVY showed a low SI and low yield 
reduction due to other virus infections. 

Table 1. The "symptom inte!n3ity index" (SI) 
in clones after four field exposures to virus in­
fection and their percentage of yield reductionwhen the same clones with four fieid exposures 
were compared with their first exposure. 

CloneClone 

XY 13.15 (V2) 
ARSH32 

78C11.5 (V3)8zura 
LTa 
7C.78C8.1 
Serrana 

CEX-69-1 
MEX 750815 

Tomasa 
Condemayta 

Rosita 

a
Reaction to

PVX - SIb 0/0 YieldPVY reduction 

Ce I 32 20" 
I I 26 4 

II 
1 

II 2022
40 

51
1 

S
S 
H 

1 
H 

2 
26 
26 

4 
4 
6 

S H 38 -6 
S H 34 27" 

S h 42 20"
 
S h 60 63"
 

aUnder greenhouse conditions, unpublished data.
 
bSI = ranges from 20 (no symptoms) to 100
 

(death).
 
Cl= immune; S - susceptible; H=hypersensi­
tive, no systemic infection detected; h = lowhypersensitivity, systemic infection detected. 
*Significant at the 50/6 level. 
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Figure 3. Yield from ten plants of the cultivar Rosita e<pused to ,iris infections under field condi­
tions at Lima in 1985. Left: yield from first exposure. Right: yield from fourth exposure. 

Studies under natural field conditions 
conlirnmed the hypothesis that immunity 
in potato to PVX and PVY will give a 
stable resistance to these v'iruses and, in 
general. will decrease the deree of 
degeneration otsnew cultivars due to other 
virus infections. Similar studies Ire heing 
initiated in UruiniaV and E.gypt \ ith the 
collaboration of their national programs. 

VARIAILITY (ON lIV() \'llI tIRS 
ANDt S'IUI)IES ( )N ()TI hR \'IttR. 

)ISIAStES 

Variability of' P\"Y. In cotllaboatiom ithi 
Dr. D. C. BLaulcomhe at the Plant BreCd-
ing Institute in Calihridcc. United Kioc-
don, lot1r nucL .: ,cid hbridi/ation 
(NASH) probes fOr PVX have been tested 
against distinct PVX strains maily from 
the Andean region. Also, three probes were 
tested against a broad spectrum of1'PVY 
isolates obtained f'rom different Leograph-

ical areas and to other potVviroses found 
naturally in potato or in other hosts oI" 
PVY. The four PVX probes showed the 
sane general pattern (Fig. 4) il thlt strains 
(;UA 2 and NZ hidi,.,'i~led Much more 
strongly than c' and I-lb. except for One 
probe that did rlt lhridize with the cp 
strain. 'hese rcsults support previots 
findioci's in viro0loUy kwok alt ('l in that 
Andean PVX Strains hehlo., to a difTelent 
.eiloinic group of PVX straills. The test
with the PVY pNlhcs indicated tila probes 
pPVY 6 and pPVY I) are ' mtical. Probcs 
pPVY 15 iad pPV Y 0 overlp and are 

\i d IromI the central icci )lnof the PVY 
dnijMC and not the coat protein gene. 

vhridizationls showed a broad specificity 
of the prob~e. to the broad .,pCCtrtlr of' 27 

.isolates tested from the 1VY( PVY'. and 
PVY groupS of str.,i ,s. P\',' probes did 
not hybridize or hybridizcd \ver',, \wealjy 
with PTV, PVV, TEV, \VPMV. and PVA, 
providing Conclusive evidence that these 
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viruses are di;tinct yet related potyvi-
ruses. Reports in the literature on serolog-
ical relationships among potato pxtyvinises 
take into account only the part of the gen-
one that codes for the virus coat protcin, 
whereas tileNASH test also analyzes other 
parts of the genonii of tilepoltvviruses. 

Variability of PIRV. Many wild 
Sotlanu spp., which were selected in 1985 
as resistant to PLRIV. later proved to be 
resistant only t tihe alllidS anId not to tihe 
virus. Therefore, the developimClt Of a set 
of differential hosts to study the '.'ariabil-
i' of'ITRV using wild SOaIifmIaIIaspecies 
was not successful. FIour lI .RV isolates 
available at ('ll), codc-naulled M .29, MI. 
and Chinese. were tesiti 1)vhe N ASII 
test against a lPI.RV nucleic acid probe 
produaccd by l)t. Iaulcoinhe. Resuilts did 
not show alny variation in the four PI.R' 
isolates tested. The PIfRV prohe pro-

Strain and origin Pure 10-1 

PVXcp (Peru) 

PVXHB (Bolivia) 

PVX-GUA 2 (Guatemala) 

PVX-NZ (New Zealand) 

Healthy 

duced by Dr. Baulcombe mainly contains 
the eDNA tOr 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 S13-22 
virus, which appears to he widespread 
among Peruvian potatoes, was shown to 
be transmitted mechanically and through 
tile boatanical seed of l'Ih.sialis floridIa. 
Infected scclS showed mild to severe 
necrosis (Fi. 5). lxperiments to deter­
inle its tta nsiu ission by IPS are in 

progress at Linia. 
A virus-like agent was Iransmitted with 

difficulty from plants of the cultivar Ser­
rana showing symptoms of potato 

Idcfk rn tinlg mo)saic virus I PDI)V0to N.:'o­
iiana /wnthaniana. N. henthantiana­
infected plants ho'.,.'cd line patterns and 

Sap dilution 

' 10 - 2 10-3 10-

Figure 4. Detection of potato virus X (PVX) strains bv the NASH test. Twopl of pure and diluted
crude sap from infected and healthy plants was spotted on nitocelltlose, tha virus was hybridized
with (32p)labeled pPVX19 cDNA, and hybrids were detected by autoradiography. 

91 



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 X250. 
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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 Solanumn commerssonii, a 
wild species collected in Uruguay. Ser-
ological tests (latex and ELISA) and the 
symptoms induced in Solanton demnissan 
"A" indicated that SB-20 is an isolate of 
PTV. 

Intracellular location of PLRV in the 
aphid Myzus persicae Sulz. Sections (ca. 
2 pim thick) of PLRV-infected and healthy 
aphids embedded in paraffin were washed 
in xylol and staining buffer (p-1 7.2) and 
stained with fluorescein isothiocyanate 
(FITC)-labeled PLRV lgG. Under a flu-
orcs:ence transmission microscope, strong 
fluorescent microcrystals were found in 
cells of aphid hindgut and other organs. 
The presence of microcrystals was con-
firmed by elect-on microscopy in ultrathin 
tissue sections (;f the stomach, the first 
part of the intestine, and the thoracic gan-
glion. Also, a disseminated fluorescence 
was observedI in the nucleus and cells from 
the mycetome 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 sec-
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 mechanism of infec-
tion and replication of ptato spindle tuber 
viroid (PSTV) wa:, scidied by inoculation 
of Lycopersicon esc'dentutn (tomato), 

Helianthus annuus (sunflower), Brassica 
napus (turnip), and Solanuan acaule (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. tume­

faciens. 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. tume­

faciens, PSTV-related-RNA was found in 
the galls and roots. 

A mechanism can be envisaged in sun­
uier 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 amount 
of 200 Vtg 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 
inexpensive 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 lgG for PVX, 
PVY, and APLV and used to detect those 
viruses in sap from infected indicator plants 
and field-grown potatoes. The results 
snowed that Tektiron I16-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 alternative antibody carriers were 
compared against latex for their efficiency 
in detecting viruses. Bacterial cells seemed 
a good possibility. Heat-treated Staphy-
lococcus aureus Ros. (strain Corwan I) 
was also sensitized with IgG for PVX, 
PVY, and APLV. The Fc portion of the 
lgG attaches to naturally occurring Pro-
tein A on the bacteria cell wall, leaving 
free the F(ab)2 combining sites. These IgG-
sensitized bacteria cells were almost 
equally sensitive to the IgG-sensitized 

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 Center 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 tlt it needs only 
common laboratory facilities and is a sim­
pIe and quick test to perform. After prep­
aration and application of plant extracts 
onto r itrocellulose 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 cDNA 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
pies 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 pPVXI9 and pPVYI5 have 
been selected as detection probes for PVX 
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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 PSTV hybridization 
probes. A PSTV insert which had been 
cloned by Dr. R. A. Owens (USDA) in 
the DNA of bacteriophage M13 was 
adapted for use in routine PSTV detection 

M13 

Primer 

Primer extension 
3 2P-labeled dxTP's 

H Enzyme
Hind III cut 

Electrophoretic
separation 

Probe 
(ss cDNA) 

Probe preparation
time: 20 hrs 

at CIP. The nethod is based on the elon­
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 

Riboprobe 

SP6 
promoterpS6 

i 
Linearization 

Transcription:
32 P-labeled xTP's 
SP6 polymerase 
Rnase inhibitor 

I Removal
DNA template 

Probe 
ss RNA 

Probe preparation
time: 2.5 hrs 

Figure 7. Two methods to prepare highly radioactive and specific probes for 
detection of potato spindle tuber viroid (PSTV) by NASH. 

95 



Dilutions of 
infected extract

(reciprocal of dilution) 

1024 

512 '*.f 
000..0 

128 
40C 

64 - 150C 
200C 

32 - - ­ 250C 

16 

8 

4 

2­

0 
1 I

2 3 4 5 6 7 
Months after harvest 

Figure 8. Effect of tuber storage temperatures on detection of pototo spindle tuber 
viroid (PSTV) by NASH. 

insert was cloned in vector pSP65, which 
contaii.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 1413 
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 rel Iace 32

with 35S and a non-radioactive label, both
p 

of which have a longer shelf life than 32p.
Factors affecting detection of PSTV 

by NASH. Storage of PSTV-infected tu-
bers at 40 C was shown to drastically
reduce viroid detection, as PSTV becomes 
undetectable in four to five months (Fig.
8). Storing tubers between 150 to 25' C 
did not affect PSTV detection. In sprouts 

detached from infected tubers and store 
at - 150 C, PSTV detection was drast 
cally reduced in four to five days an 
became undetectable in abot 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 40 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 
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to support the national seed production seed production specialists and national 
program, and an in-country course was potato program staff working in the
given in Turkey on serological detection breeding program on selecting clones for 
of viruses. This course was designed for virus resistance. 
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THRUST V
 

Integrated Pest Management
 

M ajor emphasis was placed oia screening potato genotypes for resistance 
to nernatode 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) (Phthorin,.a operculella) damage in the foliage,
which was partially associated with the presence of glandular trichomes. 
Progenies from different crosses of selected materials are being evaluated for 
the presence of glandular trichomes and for yield. Resistance to tuber moth 
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 (Lirionvza Itidobren­
sis), 194 clones were field-evaluated and 19 were selected for resistance. 
Biological control of tuber moth was attempted in field 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 (Preinnotrypes sitturicallus), the fungus Beauiveria 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 investigated. As a resu!t optimal harvest dates were determined. 
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 areas in Colombia; Vfyzus p-'r­
sicae was the most predominant of the 13 species recorded. 

Farmer in Bangladesh being trained to treat potato 
tubers with a granulosis virusp for biological control
of potato tuter 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 dosages 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 th-t one 
fourth of the recommended dose oi" aldi-
carb in combination with P. /ilacinu;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 

resistant to potato cyst nematode (Glo­
bodera pallida) were evaluated in Huan­
cayo for agronomic traits and combining 
abilit', for resistance to P4A and P5A 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 
th-e Peruvian national potato program of 
INIPA. 

Forty-threc 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 3nd resistance to different razes 
of G. pallida in the ten best clones tested outof 100 crosses made in 1983. Huancayo, Peru, 
1985-86. 

Resistancea 
Yield/plant and race 

Clone (kg) P4A P5A 

279142.12 (G3 ) 2.6' MR R 
G83233.12 2.5 S R 
CFK-69.1 (control) 2.4 S S 
G83009.23 2.4 MR S 

G83193.3 2.4 S MR 
G83251.23 2.3 S MRRevoluci6n (control) 2.2 S S 

G83117.4 2.2 R R 
G83009.5 2.1 S R
G83141.12 2.1 R R 

cv 23.960/o; -nsd anong clones 
0 R= resistant; MR= moderately resistant; S= 
susceptible. 
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Fieldevaluation of a clone with potato cyst nenatode 
resistance, undertaken by the nationalpotato program 
of Pent. 

material tested in 1986 for resistar;ce to 
G. pallida P4A and P5A is presented in 
Table 2. This includes material deeloped 
at CIP by several breeders as well as 
materia! 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 northern and central highlands of Peru. 
This clone shows high levels of resistance 
to G. pal/ida P5A 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 palidaduring a 
one-year period (1986). 

Genetic material 

Root-ball method 
Scurrah material G84 
Confirmatior, test G84 
Vernei hybrids ICIP) 
Wageningen 
Iwanaga (2x-4x material) 
Cornell (clones) 
Set No. 7 Export 
Bryan pathogen-tested material 

Petri dish method 
Clones G83 

Mass sedling screening 

No. clones/families /o Resistance 

921 60 
200 95 

50 32 
93 38 

136 15 
390 40 
180 40 
34 2 

122 35 

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. 

Clone 
Yie;d 
(t/ha) 

Field 
resistancea Multiplication rate 

(pf/pi)b 

280179.7 
279142.12= G3 
AG279098.5 
280363.1 
AG279212.1 
Yungay (control) 

42.9 
32.7 
27.7 
26.8 
26.6 
18.5 

MR 
MR 
MR 

MR 
MR 
S 

1.5 
1.8 
1.6 
3.1 
1.9 
5.3 

'MR = moderately resistant, equivalent to 1 in 0.3 scale; S= susceptible.
bPf/Pi = final nematode density/initial nematode density. 

Studies on spatial distribution of nema-
todes at different population densities were 
carred 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, 

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 
Revoluci6n, 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 dahliae and root­
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lesion nematode on the cultivar Revolu 
ci6n 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 berthaultii, S. denis-
sum, S. fendleri, S. pinnatisectum, and S. 
polyadenium, showed less than 47% fol-
iar damage as compared to that of the sus-
ceptibie check (DTO-33) with 75%. 
Pupation in the five species varied from 
17% to 37%, while in the check it was 
75%. S. berthaulthii 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 S. 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 the 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 
Cornell, 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 resistancc. 
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. Thcse results indicate that the 
Colombian and the Peruvian PTM geno­
types may be different in their aggres­
siveness. This population behavior isbeing 
investigated further. 

Material originally selected for resist­
ance to PTM populations inPeru was tested 
in Australia against a Victorian popula­
tion of PTM. Selected resistant clones are 
in different stages of multiplication 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 trapping. 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. No signifi­
cant differences in trap capture were 
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Figure 1. A granulosis irus isolated from potato tuber moth ir Peru. 

Figure 2. Potato tuber moth damage in tubers treated and untreated with granulosis virus. 
Left to right.: untreated control, low, med iurn, and Iliqrh dlose of virus. 
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observed. Trap capture in all the formu-
lations dropped after four months of field 
use. Light bulbs (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 were 
more efficient than pheromone traps for 
catching PTM. A combination of both 
types of trap (light plus pheromone) in the 
stores reduced PTM infesta'ion 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 PTM 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-
berof 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 areas 
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 enemies of PIM. 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 27c , 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 Revoluci6n. Sprouting oil 
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 (PLRV 
varied between 17-45% and PVY bet seen 
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, Mcd-
ellin (2100 m), the mean yield per yellow 
water trap was 638 adults/week during live 
months. Myzus persicae was the most 
prominent species and always present, but 
12 other aphid species were recorded. At 
the Tibaitata site (2650 in), only 610 adults 
were captured during II months with mean 
weekly fluctuations from 0 to 60 adults/ 
trap. At the San Jorge site (3150 in), 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, Liriomvza Iui-
dobrensis, and 19 clones were selected 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 

(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%) Gf adult weevils was obtained by 
applying the fungus at the time of hilling­
up. In a separate 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 
use of pesticides. 

SECO S 
INSECT PESTS 
The characteristics, costs, and variability 
of potato fIanners' current practices for the 
control of key insect pests were studied 
by CIP in collaboration with national pro­
gramis in selected regions of Peru and 
Tunisia. 

Leafminer fly has been a key pest in 
the past 30 years in the Cafiete Valley of 
Peru (coastal area). 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 famiers plant 
early enough to avoid the peak, but prices 
in the Lima market tend to rise steadily 
after a seasonal low in June or July. The 
farmers' average expenditure on insecti­
cide for leafmniner control was higher than 
for any other input, including seed. 

The Andean weevil, Premnnotrn'pes 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 
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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 fields, 
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 PrM 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 two 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 research 
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
 

F 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. lntercropping 
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. lntercropping experiments in the Philippines with potato:maize 
in the proportion of 8:1 have been very successful, as has relay cropping in 
Egypt. In Bangladesh, 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. Alterntives 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 ccntinues 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 outyielded 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. r09 



OBJECTIVES 

We continue to search for production 
strategies and genotypes that will permit 
the farmer in the warm tropics !omake 
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 ecoomic factor 
at present. Screening and selection of cul-
tivars well adapted te 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 leafsenescence in potato and other crops. Lit-

tie 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/hal). 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 
Desirde. During the wet season at San 
Ramon there was a significant response intuber yield with increasing N fertilizer at 
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Figure 1. Tuber yield as afunction of nitrogen 
IN)fertilizer rate for (A)early harvest, and (B)
the influence of split N applications (-.-)com­pared to single applications (-.-) on late har­vest at San Ramon (wet ,ason). 
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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 season 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

Nfertilizer rates. When 60 kg N/ha was 

applied in either 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 earlier for low N treatments. The N 
content and dry weights of tubers, roots, 
stems and leaf canopy levels (high, mid-
die and low) are being analyzed to deter-
mine whether differences existed in N and 
dry matter partitioning patterns in Desirde 
when grown at ;ncreasing levels of N fer-
tilizer. 

Water. In wann tropical areas the potato 
is often grown during the winter when 
rainfall is scarce and solar energy is high. 
These conditions inzduce 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 
iesponse 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: I) to refine some 
technical points of a potato:maize rela', 
cropping system in which maize is planted 
into the potato crop to effect cooling 
through shading later in the potato season: 
and 2) to screen genotypes for theirability 
to yield well when planted simultaneously 
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 
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more than 1000 g/m 2 when mix-cropped 
with maize, although tuber yields 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 2 _ 23 g), and only 
for three clones did the land equivalem 
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/m2 , while in mixed 
plots, yields ranged from 226 to 1329 
g/m 2. Maize in mixtures yielded 29% to 
49% of the control yield of 335 g/m 2. Tie 
reduction of potato yield at both sites when 
mixed with maize was due to the use of 
a more vigorous and longer season maize 
population than was used in previous 
experiments. Light inter.':eption 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 performe .ce of clones poorly adapted 
to warn, 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 cor 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 55,000 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 

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 
income of the other combinations with 
sugarcane (Table i). With the other crops, 
sugarcane yield was reduced by interspe­
cific competition. The practice of fertil­
izing potato and sugarcane separately 
enhanced the yields of both crops and has 
been verified in on-farm trials. Since both 
crops are generally planted under rainfall 
conditions, the planting of well-sprouted 
tubers at a depth of 10-12 cm, plus c:v­
ering the soil with mulch, are practices 
that reduce the variability of yields due to 

Table 1. Economics of interuLopping with 
sugarcane in different crop combinations un­

der farmer conditions in Bangladesh (1983-84). 

Yield of Yield Total saleintercrop of cane proceed
Treatment (t/ha) (t/ha) US$/haab 

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 
Sugarcane alone 
(pure stand) - 35.59 890 

GPrice of intercrop (US$/t): potato 107/t; lent.il257/t; mustard 429/t; wheat 193/t; cane 25/t.
bCalculated at exchange rate of US$1.00 = 25 
taka (Bangladesh). 
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Chinese sfientists inspect Potato planted late in the hot suminer un­der the shade of maize, the .stalks were subsequentlv remored when
the potato was established. This practice is being introduced ft)r the 
summier planting inl tgypt. 

infrequent or no rain during the growing 
season. 


In Egypt, potatoes are usually planted
after mid-September when summer tem-
peraturcs are decreasing. There is interest 
in earlier planting since early potatox.s bring
higher prices. At Kafr El Zayat. live cul-

tivars were planted on two dates. August 
2)0 .nd September 19, to test the feasibil­
ity of earlier planting P!ant establishment 
and stem number were reduced for the 
early planting with the exception of the 
variety Claudia. Yields obtained from the 
August planting ranged from 14 to 22 
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t/ha, compared with yields from the Sep-
tember planting of 19 to 34 t/ha. 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. 
13.4 t/ha); 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 I m wide, between 
furrows planted with sugarcane (1.5 mu 
wide). Yields ranged from 10. 1 t/ha for 
the variety Achat to 22.6 /ha for the vari-
ety Baronesa, both locally bred varieties. 
Bintje, the commonly grown commercial 

19.7 t/ha. In Experimentvariety, yielded 
2, the variety Achat was planted in single 
(2.22 plants/n 2) and double (4.44 
plants/m 2) rows between furrows of the 

sugarcane crop. Yields of 12.2 and 22.1 
t/ha for the single- and double-row 
arrangements reflected the differences in 

piant population. The double-row 
arrangement reduced the percentage of 
marketable tubers, but total marketable 

yield for this arrangement was still con­
siderably greater (19.2 t/ha) than for the 
single-row arrangement (11.3 t/ha). 

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 1-931, 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 :;imple super­
phosphate. Rock phosphate (I 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 so~l 
a frcm the jungle 

(Pucalpa, Peru). 

Lime (meq/lO0 g soil) 

N.P2 05-K2 0 (pPM) 0 2 4 

0-0-0 26 72 84 

80-80-80 47 81 116 
160-160-160 73 134 139175240-240-140 12 182 

240_240_240_125_182_175 

aSoil pH = 4.3; 2.9 ppm P; 100 ppm K; CEC = 

5.42 meq/1 00 gsoil. 
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careous soil with pH 7.4. The yield with 
the bahai fertilizer, averaged over four 
N-P-K rates, was 17.9 t/ha and 11.8 t/ha 
without it. 

In the coastal and desert areas of Peru 
and in other countries where potato is an 
irrigated crop, saline irrigation sources and 
soils often exist. In a pot test for salt tol-
erance, the cultivar Revoluci6n was more 
tolerant to high salinity (6.16 mmhos/cm) 
than two other varieties, Ticahuasi and 
Mariva. In vitio 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 vitro 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 from beds of Atzimba x 
R128.6 TPS seedlings by five farmers 
(Ani. Rep. 1985), tubers smaller than 
28 mm were stored and served as planting 
material for plots ranging from 13 to 
150 m2 . 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 Desir6e, recently introduced from 
Huancayo. In this manner, not only is the 
farmer self-sufficient in potato p:oduc-
tion, but he can also produce a small 
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) tuh :rs 
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
st(.red 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 Desir(e and 
LT-I, 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 on 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 thied 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, Desir6e, 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 
continuous seasons in Lima, B-71-240.2 
was close to the poorest yielding clone. 
Under the annual production cycle, in all 
season-by-storage combinations at Lima, 
B-71-240.2 was the highest yielding clone. 

The results therefore indicate the fol-
lowing: 1) that the yield of warm-pro-
duced and warm-Etored 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, fand 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 .r 'd tuber's 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: I) 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 materials 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 fo 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 seed tubers, intermediate for 
cuttings, and slowest for seedlings. The 
sanr ranking was observed when the effi­
ciency of crop cover was measured over 
0-65 days. 

Cuttings had significantly fewer stolons 
and tubers throughout the growing season 
than seed tubers or TPS transplants. Rooted 
cuttings of Rosita gave a tuber yield equal 
to that of the cool-produced seed tuber 
treatment (Table 3); whereas 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 m2 but sub­
sequently had a high portion of large-sized 
tubers. The TPS progeny Atziniba x DTO­
28 produced 20 t/ha, but tuber 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: seed tubers, tubers 
from cuttings of three clones, seedling 
tubers, and TPS transplants 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. 

Treatment 

Plant 
standa 
(0 /a) 

Yield 
(t/ha) 

Tuber 
number 
(no./m 2 ) 

Proportion of 
large tubers 

(<3.5 cm) O/o 

Cool-produced seed tubers 
Rosita 
LT-5 

96.7 
99.5 

19.7 b* 
24.6 a 

63 b 
65 b 

69 
81 

TPS transplants 
Atzimba x R128.6 
Atzimba x DTO-28 

70.5 
89.6 

14.0 c 
20.0 b 

75 b 
139 a 

50 
36 

Rooted cuttings 
Rosita 
LT-5 

89.3 
93.1 

19.5 b 
17.9 b 

38 c 
35 c 

81 
89 

aObserved at 18 days after planting o,' transplanting. 
*Numbers in each column followed 'ay different letters are significantly different at the 5/a level. 

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

Tuber no./Type of planting material Origin 
Yield Warm yieldX 1000/ohill (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 71 

Seedling tubers Cool 8.6" * 501* 
Warm 5.9 354 71 

TPS transplants Warm 15.5 419 

aData for seed tubers and tubers from cuttings are meansthe of three clones, and for seedling 
tubers and TPS transplants are the means of tw( progenies.
**, ***Significance between origins 1o% and 0.1%, 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 g). The origin effect on tuber yield was
The differences in yields from warm-oni- less drastic for tubers from cuttings or for 
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seedling tubers than for field-grown seed 
tubers. TPS transplants yielded well and 
proved to be an important alternative to 
overcome the negative effects 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/n, 2 

vs. 400/M2). Regardless of production site, 
tuber numbers from cuttings were gener-
ally low (150-250 tubers/m 2). 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 
Minh City, research by the national pro-
gram has shifted from seed tubers to the 
use of cuttings and in vitro plantlets for 
the production of small tubers for field 
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 even 
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 I to 3 t/ha influenced growth 
due to increase in stem number and faster 
canopy cover. However, the rate of return 
(harvest weight per seed weight) was 
reduced from 16.2 to 7.5 as the seed rate 
increased. At seed rates of 1.5 to 2.5 
t/ha, there was no significant difference 
in yield. The rate of return on small-sized 
tubers (13 g) was much greater (24 t/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 chlore.. ior to planting was 
detriment , pl, .iurvi' ' and therefore 
yields we. , Juc.J to 1, "ha. 

These results indicate ti., armers 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 seed 



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 to 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 prornis'ng; 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 in) in the Philip-
pines showed that yields 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 t/ha (range 2.1-26 t/ha). Genotype by 
transplanting dte 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 vitio plants in high 
density beds (400 plants/i-). Out of 40 
clones, 15 were found to be adapted for 
seedling tuber prodt:ction, giving yields 
of up to 3.8 kg/m 2 and 165 tubers/m 2 (at 
30-40 plants/m 2 ). 

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 germplasm 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 of rapidly aging 
mother plants has been solved. Mother 
plants were maintained in a physiologi­
cally . oung vegetative stage for periods 
of Si:: to nine months when photoperiods 
were artificially extended to 16-17 hours. 

SCREENING AND SELECTION FOR 
HEAT AND ELEC ES 

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 approaches: I) 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 tinder 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 diurnal periods of leaf exposure 
to 350/220 C day/night regime, was not 
well related to known heat tolerances (the 
latter being based on tuber yield 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 (500 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 nonticated 
plants. However, the definitive test with 
a planting of the resulting tubers still 
remains tu 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 (De,'.de) was delayed and yielded 
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 
('Fable 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 seedling responses to increas­
ing NaCi levels, and on in vitro methods 
for evaluating clonal response. The fol­
lowing are the salient results: 1) 6000 ppm 
of NaCI was the optimal concentration to 
effect notable reductions in percent ger­
mination and root length (7 days after 
planting), 2) the progenies India 931 x 
Katahdin and Atzimnba x R128.6 were most 
tolerant to high NaCI with respect to per­
cent germination 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. 

Controla Treatmentb Damage'Cultivar (/ increment) (/o increment) coefficient 

LT-7 128.1 +8.5 147.3 + 113.8 -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 

'Temperature = 180 C continuous. 
bTemperature = 300 /220C day/night. 
'Damage coefficient = (1 - b/a) x 100. 
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tings under high (9000 ppm) NaCI con-
centrations was reduced in all clones tested. 
Two of the eight clones (BR69.84 and 
Desir6e) 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 to be the sites in 
which preliminary selection for adapta-
tion to heat and associated stre:;ses 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 
11% in third and fourth generation clones. 
The constant presence of the clones 
LT-7, 378015.16, and bulked pollen of 
the family 378915 was evident in the 
pedigrees of clones selected at Yurinia-
guas. At San Ramon, during the 1986 dry 
season (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 proccss 
of multiplic;,tion for larger scale testing 
and probable release to the CIP seed pro-
gram for cleanup and distribution. A new 
clone, 379706.34, with heat tolerance, 
earliness, and immunity to potato viruses 
X and Y has been introduced to the seed 
program under the code name LT-9. 

Germplasm screening under field 
conditions. Over the past two years, 
screening of clones listed on CIP's path-
ogen-tested list has been done during the 
dry seasons at San Ramon. Their yield 

performance has been compared against 
that of some standard control clones 
(LT-5, DTO-28, DTO-33, and Desir6e). 
Although no clones exceeded yields (1200­
1430 g/m2 ) 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, Satuma, AGG­
69-1, Atlantic, and Pirola yielded 1470­
2140 g/m 2). Other clones that matured 
beyond 100 days after planting also out­
yielded the control clones, but were con­
sidered too late for existing cropping 
systems in warm climates. There was a 
general trend for early maturing clones to 
convert intercepted radiation more efti­
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 enatic. 
Clones 378017.2 (LT-7), 720109 (Santo 
Amor), and 800938 (AVRDC-1287.19). 
and cultivars Desir&e 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 Senegal, 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 
Desir6e. The planting date was early 
October 1985 when summer day temper­
atures reached 350 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 seed 
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was nearly double the yield from seed 
stored in DLS. No clones exceeded Desi-
r6e 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 corn-
bination of mulch at planting to reduce 
high soil temperatures and the correct 
choice of heat-tolerant clones has permit-
ted a six-week earlier-than-usual planting 
in this area. For clones planted in early 
October and harvested 65 days later, the 
maximum yields were above 18 L'ha for 
three clones (DTO-33, AVRDC 1282-17, 
and 1282-19) with mulch, but without 
mulch, yields (lid not exceed 15 t/ha. In 
addition to the benefit of a high price for 
consumer potatoes at harvest, the fiarmer 
can then plant vacated land to wheat or 
maize. Thus, when early 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 genoiypes and mulch treatment sim-
ilar to those of the experiments on early 

planting. Mulch did not improve yields 
(plots were irrigated); however, yields of 
various clones exceeded 25 t/ha without 
the cracking observed in the cultivar Car­
dinal in the same e:.periment. 

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 
transfer 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
tries 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 VII 

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, early 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 Colonbian Agricultural Institute (ICA) has reported several 
clones in the iinal stages of testing for frost tolerance. 

The search 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 
yielded 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 field 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 tuberostum 
cultivars widely grown as local varieties 
throughout this area of the world. Addi-
tional traits that are also being introduced 
are immunity to potato viruses X and Y 
(PVX, PVY). 

During 1986, a sample of 36,000 seed-
lings, grouped into 200 families from 
crosses between advanced sources of frost 
tolerance and selected early maturing 
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 seedlings (11,154) were 
transplanted to the field in Huancayo. At 
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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 Usibarnba (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 primary activity. 
In Usibamba, 358 clones were selected 
f~om ten-hill observation plots and 470 
were selected in Huancayo. In collabo­
ration with the Peruvian national potato 
program of INIPA, duplicate samples were 
sent to INIPA's experiment station in Puno 
(3850 m, southern Peru) for frost testing 
and selection in the field; however, all 
samples were lost in a flood that struck 

Figure 1. Seven-week-old seedlings screened for frost tolerance in agrowth chamber (-40C).
Loft: CIP hybrid progenies showing frost tolerance. Right: progeny of the local variety
Renacimiento. 
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over 70% of the farmland in the province. cayo. Results from the RCBs indicated 
Two randomized complete block designs yields up to 2.2 kg/plant wih a plant den­

(RCB) and two lattices of 10 x 10 were sity of 37,037 plants/ha in Usibamba; and 
used to test clones of different stages of 1.8 kg/plant, and 44,444 plants/ha in 
selection in both Usibamba and Huan- Huancayo (Figs. 2, 3). The overall yield 

Yield/plant (kg) 
2.501 

2.00 

1.50 

1.00 

0.50 .4H.137. .6-H..
 
0 0 

UFF14.4 I HFF20.1 375596.6 HFF14.4 Yungay
375070.53 UFF4.1 UFF12.2 HFF4.2 Tomasa C. 

Cones 

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 Usi-Condemayta). 

bamha, Peru (3800 m).
 

Yield/plant (kg) 
2.00 

1.60 

1.20 

0.80 

0 
380493.18 82PY1.3 379482.1 376180.3 379482.2 

Yungay 82PY19.2 380480.11 380389.1 Tomasa C. 
Clones 

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

0.40 
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averages in both localities were 1.6 kg/ 
plant for Usibamba and 1.4 kg/plant for 
Huancayo. Likewise, the overall 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 earline's and other desirable 
agronomic attributis in the non-Andean 
population, the yield potential is being 
enhanced in the advanced selections. 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 itational 
programs. 

Progenies were tested in Colombia with 
frost resistance derived from Solantum 
acaule, S. ajanhuiri, and S. curtilobuin. 
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 fiosts 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 resisti.cce in previous years are 
now in their fi,,al stages of testing. They 
also have excellent yields and good cook-

ing quality. One of these, clone 379055.1 
with frost resistance derived from S. 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. 

Adaptability of the frost-resistant 
population to a wider range of environ­
ments. In our approach to widen the 
adaptability of the frost-rew:isa.t popula­
tion for the non-Andean iregic,n, a new 
sample of this population was sent to 
southern Chile (Osorno, lat. 40'S) to be 
tested for perfo-mance under natural long 
daylengths. This project was carried out 
in collaboration with the national potato 
program 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 tube: 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 
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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 ,osen 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 yielding 
clones under low N not to respond to 
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 to 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 1he 1985 seasen 
(y = 25.36 - 0.003 Ix and vs. y = 89.90 
- 0.0106x where y = % increase due to 
additional N and x=fresh tuber yield in 
kg/m 2). The smaller intercept and slope 
in the 1986 season suggests a greater sup­
ply of N through mineralization in the field 
for that season. 

The present results indicate some 
promise in the field plot methodology in 
screenipg 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 range 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 (lOt. 400S).a 

Yield tt/ha) 
1985 1986 Average (t/ha) 

CIP no. Marketable Total Marketable Total Marketable Total 

381079.41 
381132.21 
381114.202 
381135.3 

77.6 
69.7 
69.4 
67.3 

78.E 
71.1 
70.7 
70.3 

71.2 
75.6 
75.2 
50.4 

74.0 

77.4 
75.5 
51.5 

74.4 
72.7 
72.3 
58.9 

76.4 
74.3 
73.1 
60.9 

381132.63 
381132.200 

64.9 
63.7 

70.3 
65.1 

61.9 
71.2 

65.5 
71.6 

634 
67.5 

67.9 
68.4 

380554.125 
381118.261 

61.3 
49.6 

62.2 
52.1 

58.9 
63.3 

61.9 
65.9 

60.1 
56.5 

62.1 
59.0 

Controls 
Mirka 46.8 49.3 46.7 48.9 46.8 49.1 
Yagana 
Ultimus 
Desirde 

42.7 
41.2 
40.2 

44.4 
44.4 
41.2 

52.2 
59.0 
32.6 

55.3 
64.1 
33.0 

47.5 
50.1 
36.4 

49.9 
54.3 
37.1 

cv(%) 15.2 16.9 

a Data from INIA, 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 Yed under 

Clone/variety 
low N 

(kg/m 2 ) /o Increase + N 
low N 

(kg/m 2 ) °/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 
UPP86-1 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 4.48 92 
Revoluci6n 7.21 8 4.49 18 
Tomasa Condemaytr 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 in N fertilizer use in both pot and field 
central highlands (if Peru, seven nativc experiments. Inpot experiments, nutrient 
varieties and nine selected hybrids were solutions that differed in N concentration 
studied with respect to their efficiencies (low = 40 mM, and high = 120 mM) 

Yield (g/plant) 

500 
H 120 mM of N 

40 rM of N400-

300 

200O
 

0 
adg-1 I stn I cha-1 I cha-2 I hy-2 hy-4 hy-6 I hy-8 I 

phu gon adg-2 hy-1 hy-3 hy-5 hv-7 hy-9 
Clones 

Figure 4. Tuber yield response to two levels of nitrogen supplied as nutrient solution 
in a pot experiment, Huancayo, Peru. 
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Yield (kg/plant) 

1.801 
[]120 kg N/ha , 

0 kg N/ha
 

1.00-
j 

0.60 ­
0.20 

04i 
adg-'l stn cha- I " -2 by-2 hy4 hy-6 I y'8 I 

phu gon adg-2 hy-1 hy-3 hy-5 hy-7 hy-9 
Clones 

Figure 5. Tuber yield response to tvo levels of nitrogen in the field. Huancayo. 

were supplied to potafto plants during the use of N will be conducted entirely in the 
entire growing period. In field experi- field. 
ments, no N and 120 kg of N/lha were Agronomic control of late blight. In 
used on the same genotvpeS in ItUanLCavo Burundi. the national potato program of' 
and Tarma. ISABU tested four possible treatment; for 

The results indicated a differential Controlling late blight: I) unsprayed con­
positive response to added N in both sets trol (irmer practice); 2) Mancozeb every 
of' experiments (Fligs. 4. 5), but it seems seven days, starting three weeks after 
that the pot response to added N did not emergence: 3) same as for (2) but fol-
Follow the same trend as the field response. lowed by Ridomil when blight attack 
Therefore, the pot experin.nmna, not le reached 11(I foliar diamage" and 4) Ridomil 
a suitable substitute [Or field experiments. only, when 1(,"( damage observed The 
It is noteworthy that there were dramatic results showed that the latter treatment was 
responses of most genotypes to added N considered the nmost feasible method for 
in l-Huancayo, where N content in the soil farmer adoption, and treatment (3) fol­
was rather poor compared to that in 'tarina. lowed by (4) gave the best yields. There 
The low response to tile fertilizer N was a significant variety x treatment inter­
obtained in Tarma may have been due to action in which the most blight-suscepti­
a high level of soil fertility, particularly ble varieties derived the greatest benefit 
the N content. Further studies on identi- from the fungicides. 
ficalion of clones highly eflicient in their 
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THRUST VIII 

Postharvest Technology 

R esearch has continued to focus on storage of consumer potatoes, storageof seed potatoes, and low-cost 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 insect­repellent 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 seed (TPS)
or obtained through rapid multiplication 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 lossesduring storage in diffused light at high ambient temperatures. Also, storage
management of small seed tubers related to 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 result from differences in variability in storage 
behavior. 

Low-cost processing of potatoes 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 ofhousehold potato processing technologies has been carried out in the Andean 
Region. 

Drying mashed potatoes at the household level to preparepotato-based food mixes. 
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STORAGE OF CONSUMER POTATOES 
Peru. Research has continued to focus on 
methods to reduce storage losses of con-
sumer potatoes in warm areas. At the 
experimental station in San Ramon, the 
construction of f,,ar experimental units for 
storage of consumer potatoes was corn-
pleted. The walls of these structures con-
sist of either white stones or charcoal, kept 
in place by chicken wire. A pipe with 
holes at ever), 2-3 cm allows water to 
trickle on the wall, resulting in a large 
moist surface for evaporative cooling. At 
an average ambient relative humidity of 
78%, the humidified walls reduced the 
mean daily maximum temperature in the 
store through evaporative cooling from 26' 
to 230 C. Total tuber weight loss during 
a four-month storage period was reduced 
from 13% to 10V%. 

Each of the four experimental stores is 
subdivided into ten units with a storage 
capacity of 500 kg each. 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. 

Fzst 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
nient, 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 loaded in 
September 1985 and monitored for 98 
days. The treatment wili the least total 
weight loss in tubers ( 16 c/4 ) 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, Peni. 
Evaporative cooling of the walls (white stones or charcoal) is carried out by 
means of a simple water-trickle system. 
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with a mean ambient temperature of in addition to the usual straw cover (48%27.70 C. In nextthe trial, a passive vs. 83% for the control). Total storageevaporative-type cooler will be fitted to a losses (in weight) with sprout inhibitorsnight-time ventilated store to see if the plus paper cover were 9.2% versus 14.5%apparent benefit of controlled ventilation for the control treatment. Sprout inhibi­can be increased. For a length of time tors alone did not reduce sprouting andshorter than 98 days, storage losse~s of less resulted in a similar total weight loss inthan 10% seem possible. Although sprout tubers as in the untreated control. Whensuppression was not apparently effective potatoes dusted with sprout inhibitors werein these storage trials, other evidence sug- covered with plastic sheeting (imperme­gests that IPC can be helpful and future able to moisture), losses caused by tuber
trials will continue to include treat-one rot were severe. 
ment with this chemical. Sprout inhibitors signilicantly reducedNorth Africa. In North Africa, storage the percentage of PTM-attacked tubers andof consumer potatoes without using the percentage of rotten tubers compared
expensive cold storage facilities during the to that of the unti-eated control (PTM42%four months of the hot and dry summer vs. 94.7%; rotten tubers 3.3% vs. 17.3%).period would be economical, provided that Application of K-Othrine (pyrethroid inexcessive sprouting and attack by RTM powder form) brought the percentage ofcould be efficiently controlled in tradi- PTM-damaged tubers and the percentage
tional stores. To achieve experi-this, of rotten tubers down further to accepta­ments jointly supervised by CIP and ble levels of 12.7-15.7% and 0-1.7%,national scientists were out incarried respectively. At the end of a four-monthTunisia. In an integrated approach, the storage period, approximately 88 kg outfollowing components and combinations of 100 kg of potatoes initially put intoof components were tested: sprout-inhib- storage were marketable.
itors such as IPC or IPC+CiPC (corn- It becan concluded that consumermercial name "Germex"), covering the potatoes can be stored in traditional darkpotato pile to reduce evaporation of the stores if the following factors are inte­active chemicals of the sprout inhibitors, grated; application 
 of sprn I inhibitors,insecticides for lRUM control, and height covering potatoes with a material sump­of the potato pile. ciently permeable to moisture, applica-

In all experiments the farmers' tradi- tion of insecticides for PTM control, and
tional storage technique 
was used, which storing potatoes in piles not higher than

consisted of :oring potatoes undera shel-
 one meter.
 
ter in piles (1-1.2 m high) covered with 
 South Asia. Storage of consumer pota­a layer of straw. Experiments were set up toes without refrigeration in hot tropicalin early July (after a prestorage period for climates has always been a serious prob­tuber curing) and were terminated at the lem. In Bangladesh, a two to three-monthend of October when the first freshly har- storage period is all that is required tovested potatoes from the late season crop give a longer period for marketing the crop.reach the market. Based on previous research by the Ban-The percentage of sprouted tubers at gladesh Agricultural Research Institutethe end of the storage period was signiti- (BARI), three locations were chosen tocantly less when potatoes were dusted with demonstrate to farmers a simple tech­sprout inhibitors and covered with paper nique for storing small quantities (200 kg) 
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of consumer potatoes. Simple stores of 
bamboo were constructed with inside walls 
plastered and ventilation through the bot- 
torn from access holes on two sides. Hol-
low bamboo tubes (12 cm diameter) 
perforated with holes to serve as cAim-
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 corn-
bined with the use of CIPC sprout sup-
pressant, could easily be extended to 120 
days. For periods longer than 120 days, 
weight losses increase considerably and 
the method of storage is no longer CLo-
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 bulk. Weight losses 
were recorded after 60 days and varied 
according to the variety between 6% and 
12%. However, during the time when the 
tubers were placed in storage in March 
and removed two months later, consumer 
potato prices inceased 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 

ot sforthe village-level Potato 
potatoes ftmean 
processing unit. This store has passive­
type evaporative cooling and will be used 
to record detailed temperature and humid-
ity data. 

STORAGE OF SEED TUBERS 

Latin America. Research in Peru has 

continued to concentrate on the storage 
behavior and subsequent field per­
formance of small seed tubers, such as 

first generation tubers from true potato seed 
(TPS) and clonal tabers obtained by rapid 

multiplication techniques. The per­
formance of small seed tubers was corn­
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 and 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 effec'. 
of storage conditions on sprout length, 
number of sprouts per tuber, plani emerg­
ence, number of stems, ond 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 (Table I). There was a sig­
niticant interaction between seed tuber size 
and storage environment for tuber yield 
(Tible 2). Large tubers stored at high 
temperature in DLS yielded less than those 
stored at 4' C. The small 2.5-g and 5-g 

Table 1. Effect of seed tuber weight on tuber
weit loss (o/) in two storage, environments 

of two cultivars), Peru. 

Tuber Storage environment 
weight
(g) 40C Diffused-light 

80 8 15 
40 8 15 

20 9 18 
10 12 22

13 25 
5 13 25 

2.5 17 33 

21Mean 11 

LSO 0.05 Tuber weight = 1.6.
 

LSD 0.05 Storage environment = 3.4.
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Table 2. Effect of seed tuber weight orntuber 
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
gfight(g) 4

° 
0C Diffused-light 

80 1128 1072 
40 1094 911 
20 959 825 
10 902 686 

5 711 729 
2.5 609 632 

Mean 9011 809 

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

tubers, on the other hand, yielded more 
when stord 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 pre-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 successfully in DLS 
at high anibient 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 little with increasing 
storage period. Desprouting considerably 
increased sprout number in all tuber sizes 
and at all storage intervals (Table 3). The 
effect of desprouting on sprout number 
was greater in larger tubers due to the 

greater number of eyes 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 degener­ation of small seed tubers was studied 

during prolonged storage in DLS at 
ambient temper.'ires, during the summer 
in Lima. Tubers were 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 months 
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 (0/o) 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) 4wk 8.,vk 12wk -1wk 

2.5 27 27 36 54 
5 54 54 90 81 

10 100 100 145 136 
20 191 130 175 153 
40 214 180 193 141 

0_ 210_ 205_ 232_ 100 
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the variability of these storage variables 
was greater in seedling tubers than inclonal 
seed tubers (Fig. 1). After stc;age in DLS 
with one desprouting, the variability of 
number, length, and weight of sprouts 

SD of length of 

longest sprout (cm) 


1.2 
NMI 

0.4 -

Dark Light Light + 
desprouting 

SD of sprout 

fresh weight (g) 

0.8 

0.6-

0.4ii8-

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 than in clonal 

SD of sprout
 
number
 

0.4
 

0.2 -

Dark Light Light + 
desprouting 

SD of tuber
 
weight loss (0/o)
 
16 

12 

Dark Light Light + 
desprouting 

M 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 differences 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 Agricultural Research Insti-
tute (INIA) to confirm previous results on 
the use of DLS, cut seed tubers. ;ind dif-
ferent planting dates on the yield of vari-
ety Kennebec. At planting time. the seed 
tubers were monthsseven old and their 
physiological condition was excellent, 
There was no significant differcnce 
between the yield from seed tubers stored 
in DLS and that of seed stored in the dark. 
There was a clear advantage in planting 
whole seed tubers compared with cut seed, 
as the number of sterns per unit land area 
was much greater with the xkhole seed 
tubers. As expected, the yield of the first 
crop planted in October was significantly 
better 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 coldstore was initiated in September 1986 atte Nasitioal ter of' orticlr16althe Nat io nal Cente r of H ortic ultural 
Research (CNPU). The tubers will be
planted after six nonths of storage and 
evaluated. 

Tropical Africa. In Burundi, the
 
national potato program of ISABU has 

carried out three types of activities related 

to storage: I) to record the length of don-

mancy of advanced clones; 2) to give 
advice to seed multiplication pro jects on 
appropriate methods of storage and seed 
distribution; and 3) to refine simple meth-
ods of dormancy breaking at the fann level. 

In the first activity, nine varieties and 
clones harvested from a trial at Gisozi were 
stored in DLS aid 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 varieties and clones used 
(Table 4). These different genotypes can 
be used effectively to lit 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 projec:ts 
to advise on production, storage, anid dis­
tribution. In addition, several low-cost 
stores for demonstration purpohses are being 
constructed. The design falls between a 
tiu!y rustic construction (storage costs lcss 
than US$0.01/kg/season) and an expen­
sive all-concrete structure (USS0.07/kg/ 
season). 

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

Table 4. Length of dormancy of different geno­t p s a a t u u dtypes adapteddtot Burundi o d t o sconditions. 

Length of 
dormancy a 

Genotype (days) 

Ndinamagara (720118) 33 
Montsama (720049) 54 
Kenya Baraka 64 
Muruta (380506.10) 89 
720088 89 
Sangema (800849) 93 
Kinigi (378699.2)Muziranzara (378711.5) 93103uqana (7 7) 13 

Uganda_11_(720097)_131 

.aDomancyisestimated as time taken from har. 
vest until principal sprout attains 3 mm. 
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temperatures fluctuating from 8' to 470 C, 
followed by 20 days buried in a pit, was 
an efficient treatment to break dormancy 
in less than two months, and permitted 
seed tubers harvested in January to be 
planted in February or March. This method 
was not as effective for breaking 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 traditional method of storing 
seed t'ibers 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 ofsterns showed 
little difference between the two treat-
ments; however, tubers given the heat-
shock treatment yielded 440 g/plant corn-
pared with 366 g/pla:,t when tubers were 
stored in a darkened room. 

North Africa. In Egypt, the traditional 
nawal/i storage method for seed tubers 
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
nique is now being transferred to farmers. 

In Senegal, three storage methods (cold 
store, bag, DLS) were compared to assess 
losses in storage and subsequent field per-
formance of the seed. Five cultivars (Pre-
ier, Desirde, Escort, Gigant. and 

Claustar) were stored for five months dur-
ing which time ambient temperatures 
reached over 400 C in September. Storage 
losses in bags were not much higher than 
those in DLS and the tubers wer, in good 
condition after three months. Only culti-
vars Claustar and Desirde gave satisfac-
tory results, especially the latter which 
stored well in diffused light. 

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 ind 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 are being evaluated. 

In Bangladesh, where it is necessary to 
store seed 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 tranu,4erred to cold 
storage. Preliminary observations indi­
cate that the large-sized tubers of Patrones, 
Cardinal, and Kufri Lalima become very 
shrivelled, whlereas the small-sized tubers 
of the local varieties stored well. The tub­
ers will be planted in the 1986-87 sea.on 
to assess their field performance. 

POTATO PROCESSING 
Transfer of technology. To facilitate 
transfer of the tecihn!ogy used to produce 
dehydrated food mixes based on potato, 
the ('11 pilot plant in litluancayo was made 
available to researchers of national insti­
tutions to gain practical experience with 
this technology. Th, 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 
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Table 5. Composition of two potato-based 
mixes (M6 and Papacel) developed by CIP and 
Peruvian national institutions. 

Ingredients 
M6 

(0/0) 
Papacel

(0/0) 

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 -
Whea flour - 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 

Health has expressed interest in using
potato-based food mixes in their food pro­
grams. The National Institute for Ag­

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 I, 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 I will supply 
material for tier 2. Presently, processing 
equipment such as a bicyclc-powerLd 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 

i 2r2 

Preheatingchamberin front of solar dryerfor higherdrying efficiency 
at the CIPprocessingplant,Huancayo, Pent. 
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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 350 to 480 C. 

Frenchfries. 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 a! 890 C, first in a 
solution of sodium bisulfite and citric acid 
for eight minutes and then in a solution 
of sodium pyrophonphate 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 appeararnce, taste, texture, and 

color. These tests showed excellent con­
sumer acceptability of the product. 

Foodsystem. 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 IX), tubers from TPS can 
be produced efficiently in seedbeds with 
a high production of dry matter per unit 
area. After successive harvests of 
bimonthly TPS plantings in seedbeds, dif­
ferent-sized tubers were processed into a 
dehydrated potato-based food 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 climatcs. 

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

4N _ 


Preparationand consumer testing of potato-processedproducts in an Andean 

village, Peru. 
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Workshop o/ potato processingin Huancayo, Pent, 

Peru, Bolivia and elna. le stakes 
of boiling, freezireg, ,oakinv, fermentitg 
and drying f r differenl potato processes
have been described and categorized in 
the Annual Repe,-t 1985. Altlioueh i1ost 
of' these pnocessim, techniques were
believed to he limited to the Central Andes 
due to the climatic conditions required for 
potato processing, sinilar potato process-
ing techniques have been identified in other 
parts of the world (e.g.. Japan). TI.,: 
diversity of potato processing techniques
found in the Central Andes could provide 
essential information oti appropriate tech-
niques for low-cost processing in other 
developing countries, 

"rR\INING 

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

througli In-country courses i Zambia, 
Ethiopia, and Tunisia. the latter as part 
of a production training activity. 

The Banghadesh Agricultural Research 
Institute orgatied a reCi ourse o 
postharvesi 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
eases and andpests, simple processing 
methods. The latter tapic was also the 
subject (if a tvwo-d.y course held at the 
processing facilitv theof Society for 
Development of Appropriate Technology 
at Bareilly, India. A three-day workshop 
was held at the CIP processing plant in 
Huancayo for l7 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
 

r eeding efforts to improve TPS progenies concentrated on the incorpo-L ration of resistances to late blight, early blight, and potato virus Y (PVY),
and on the identification of vigorou's seedling growth under adverse envirn­
ments. Preliminary results showed that selected progenitors with high levels 
of resistance to late blight and immunity to 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 seedling tuber production and ,ise. By using the system of raised 
beds, as used for vegetable production, and by increasing transplant density,
the proportion of marketable-sized tubers was improved. Effective control of
damping-off in potato seedlings caused by Rhizoctonia volani was achieved. 

Important progress was made Ln improving the efficiency of large-scale
production of true potato seed (TPS) asas well 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
50 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 did not require gibberellic acid as a presowing treatment for vigorous
and uniform emergence. Drying mature TPS at 200 C followed by immediate 
storage under low moisture ensured maintenance of TPS quality.

Seed 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. 

Various potato propagation methods, e.g., stem cuttings,
seedling tubers, TPS, being evaluated under warm 
environmental conditions in San Ramon, Peru. 
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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-69-1 x 7XY.1, 1-1035 x 7XY.i, 
575049 x 7XY. 1, and Tollocan x 7XY. I 
(Table i) provided progenies with a high 
percent of resistance to late blight and 
immunity to PVY. The families used in 
this screening were obtained by crossing 
progenitors with high general combining 
ability for yield and with resistance to late 
blight. Another groop 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., mesothernial tropical 
regions), methods for the identitication 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, ings that can rapidly recover follow­
ing transplanting. Advanced progenies 
from the TPS breeding program were 
evaluated for rate and uniformity of ger­
mination as well as for secdling growth 
under a controlled temperature regime of 
25' C day and 230 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 - l5bar 
water potential by immersing the roots into 
a PEG 6000 solution for 15 minutes at 
200 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 ef zeedlings resistant to late blight and segregation ratio for immunity to 
potato virus Y in a selected group of families. 

Resistant Segregation ratio
Family (/o) (immune: susceptible) 

1-1035 x 1-1039 79 1:1 
CFK-69-1 x 1-1039 79 1:1
 
LT-9 x CEW-69-1 
 76 1:1 
Atzimbj x 1-1039 71 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 < 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 11:1 
AVRDC-1287.19 x 1-1039 33 1:1 
LT-3 x 378676.6 11 3:1 
Desirde 0 -
Renacimiento 2 
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Table 2. Seedling characteristics in a group 
temperatures (250/230C, day/night). 

Emergence 

Family Rate3 
0/0 

377891.19 x LT-7 1.28 60.0 
80N37.1 I x R-128.6 1.26 57.8 
Tallocan x R-128.6 1.27 60.0 
Atzimba x 4.1 1.26 62.2 
Tollocan x 4.1 1.29 60.0 
80JA22.1 x 4.1 1.19 57.8 
CEX-69-1 x R-128.6 1.09 53.3 
Atzimba x LT.7 1.34 67.8 
80JA48.2 x R-128.6 1.01 51.1 
Atzimba x 7XY.1 1.17 57.8 
377935.27 x 3'77964.5 1.07 53.3 
Atzimba x R-128.6 0.96 46.6 

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

exclude light (Fig. I). 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. 

of progenies evaluated for early growth under high 

Seedling height 

cm SR 

10.3 2.2 
10.9 1.4 
6.7 0.8 
8.2 1.2 
8.2 2.5 
8.2 1.5 
8.3 1.9 
6.4 2.1 
8.4 0.4 
7.5 1.8 
8.2 1.9 

10.0 1.7 

Seedling 
dry weightb

(mg) Rank 

54.0 1 
44.7 2 
48.3 3 
36.7 4 
36.0 5 
33.3 6 
43.7 7 
33.0 8 
35.7 9 
40.3 10 
47.3 11 
39.7 12 

Selected TPS progenies are also being 
evaluated for general field performance 
and yield when either grown from trans­
planted seedlings or from seedling tu­
bers in different environments. rhe yield 

Figure 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 
seedling 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 families. 
Improved trails included in the set were 

Table 3. Yield It/ha) from TPS progenies used as 
Huancayo (cool) and San Ramon (wcvrm). 

Cool location 

adaptation, high yield, uniformity, and 
earliness. 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, during the dry season (June-
October). These trials were Followed by 
a second 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 40c to 50% were 
harvested. One progeny (384074) gave 
good yields in spite of the low plant pop­
ulation. In the second season, the seed­
lings were transplanted first to small plastic 
cups and when six weeks old planted in 
the field with the soil from the cup 
attached. The survival improved consid­

seedling tubers or transplants in two locations, 

Warm location 

Progeny 

CFK-69-1 x 380701.12 
Atzimba x 380701.12 
80JA5.8.12 x R-128.6 
1-931 x R-128.5 
79D10.9 x 380701.12 
Atzimba x R-128.6 
Atzimba x DTO-28 
377887.74 x 377877.9 
Atzimba x LT-1 
79G8.7 x R-128.6 
Atzimba x 380700.79 
Atzimba x XY14.7 
377877.9 x 378017.2 
LT-1 x DTr)-33 
TS-1 x R-128.6 

Means 
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Seedling tubers Transplants Seedling tubers Transplants 
Yield Rank Yield Rank Yield Rank Yield Rank 

68.6 1 45.8 1 34.3 2 26.2 4 
64.2 2 41.7 2 26.4 8 31.6 1 
62.5 3 36.0 5 25.6 9 14.3 11 
60.3 4 36.9 4 14.5 15 16 8 9 
60.0 5 41.4 3 25.1 10 10.3 14 
59.4 6 36.6 6 19.7 12 30.4 2 
58.1 7 28.8 12 30.8 4 18.3 8 
57.9 8 33.5 8 18.2 13 21.7 5 
54.9 9 27.9 13 22.1 11 19.4 7 
52.4 10 31.8 9 36.4 1 11.1 13 
52.0 11 34.7 7 30.0 6 28.3 3 
49.1 12 31.4 10 33.5 3 16.5 10 
42.3 13 4.6 15 16.4 14 19.5 6 
30.3 14 30.6 11 28.1 7 12.3 12 
35.2 15 19.8 14 30.3 5 9.7 15 

53.8 32.7 26.1 19.1 

http:380700.79
http:377887.74
http:380701.12
http:80JA5.8.12
http:380701.12
http:380701.12


erably and the majority of plants were 
harvested, 

Five on-farm trials were effective in 
demonstrating the potential of using seed-
ling tubers as yields of 40 t/ha were 
obtained. At the fhumers' 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 (Liriomvza hui-
dobrensis). 

North Africa. Several promising TPS 
progenies were selected 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 emphasis from station research to 
transfer of technology to the farmers' 
fields. 

South Asia. Progeny evaluation trials 
in India included locally produced TPS 
hybrid,; that were transplanted at the Con-
tral Potato Research Station, Modipuram 
in early November 1985, and harvested 
in late February 1986. Hybrid HPS-I/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, coin-
parable with those from seed-size tubers 
of a standard Indian variety, 

Evaluation of T13S 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 seedling tubers of progeny TPS-2 
was assessed. All sizes gave yields of 
approximately 3 kg/m 2, while standard 
seed-size tubers of Kufri Jyoti yielded 3.5 

kg/m 2. The size of the small tubers, how­
ever, influenced the tuber size of the har­
vested crop. The largest tubers (>40 g) 
yielded 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 2 ) of large-sized 
seedling tubers. The OP progeny yielded 
about 50% of the best hybrid progeny 
(HPS-l/13) that gave the equivalent of 23 
t/ha. Thirty-four new iemale lines were 
identified on their flowering capacity and 
other desirable characters. These were 
ciossed 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 Yusipans. Most, but not all, hybrids 
gave significartly 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, anti 750161, and 
the best females were 720045, CPI-999, 
and 1-1055. Clones 720084 and 800224 
performed equally well as males and 
females. 

Southeast Asia. The identification of 
[PS progenies suitable for the highlands, 
mid-elevation areas, and lowlands of the 
Philippines and Vietnam is being made 
possibl. 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, 
DTO-2, and 1-1035). A major problem in 
'FPSproduction is the extreme sensitivity 
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of many parents to daylength; out of 27 
parents, only II were used successfully 
as progenitors. It was also found that 
progenies with a parentage of S. tubero-
sum x S. andigena or S. phureja do best 
in the dry season (cool, short days). 
Hybrids derived from crosses betwi'en 
genotypes of ssp. tuberosiom always tu-
berize too early, resulting in reduced can-
opy and yield. Emphasis has been placed 
on selecting clones with good tuner yields 
and heavy berry iet to enable farmers to 
use OP seed. Ten clones were selected 
and seed has been distributed to Negros 
and Mindanao in the Fhilippines, Indo-
nesia, -qd Vietnam. 

TPS agronomy. South America. In 
Peru, CIP has continued research on prac-
tices that could lead to improved field 
establishment and to increases in the aver-
age sizes of tubers produced by plants from 
transplanted TPs seedlings. Transplant-
ing seedlings to the field appears to be 
one of the most feasible methods of TPS 
use, 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 seedlings 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 significantl3 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, yields 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 

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 early ground 
cover by foliage. Planting in rectangular 
pattents 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 
achieved 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 m2 with 4 
replications, or a plot size of 1.29 112 with 
3 replications is required. For tuber yield 
differences larger plots or more replica­
tions are needed. 

In seedbeds, Rhizoctonga sohmi 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 
1112), Tolclofos methyl (Rizolex 50WP at 
3.5 g a.i. per m2), and Dazomet (Basamid 
98% at 30 g a.i. per 1112). In warm areas 
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.e., the group normally 
affecting potatoes in cooler, highland 
conditions (Fig. 2). 

Through on-farm research conducted in 
the Mantaro Valley of Peru (3200 in), 
where virus spread is relatively low and 
therefore seed tubers can be maintained 
in good sanitary condition for several field 
multiplications, the performance of crops 
propagated by transplanted seedlings or 

150 



Seedling survive: 
1(q0) 

100 
1 Control 

80-
;_1 

AG.4 
AG-3 

60 

23 

0 

110- 250C 18°- 310C 

Figure 2. Seedling survival as affected by two 
Anastomosis groups of R. solani in a cool (left)
and a warm (right) environmf.,it. 

ubers from TPS after one (G-1) and two(G-2) field multiplicatifiis 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 yield reductions were 
observed between generations G-I and G-
2, and yields were similar to those obtained 
with the varicy. The yield of transplanted 
seedlings, although 'ower than the yield
when tubers were used for planting, rep-
resented a satisfactory value if this is c,,n-
sidered as a method for producing seedlhg 
tubers in the field for further propagation. 

In Venezuela, an experiment was made 
to test 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 
are 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 4.40 C higher thanthe outside temperature. 

The potential use of 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 Insfi­tute of Argentina (INTA) studied such 

aspects as yield of seedling tubers, uni­formity, color, and dormancy. Tuber uni­
formity was satisfactory, but yields per
unit area were low (100 to 300 tubers/ni 2) 
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 pacings
in the seedbeds (Table 4). Yields, number 
of tubers, ;,nd tuber size were extremely
good and comparable to those obtained at 
CIP, Lima. The variety of TPS used was 
OP Desir&e, which gives tubers segregat­
ing for red skin, the preferred color in the 
Chilean markets. The interaction of seed 
size (K35, 35-45, and >45 mm) with in­
row plant spacing over the range 15-40
 
cm 
was tested with seedling tubers origi­
nating from OP Desire. 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 research program 
to tefine appropriate techniques for the use 
of TPS continued. When transplants were 
compared with seedling tubers for the 
production of consumer potatoes, the 
seedling tubers generally gave higher and 
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Table 4. Yield and number of tubers/m 2 at four TPS sowing densities in seedbeds in two localities 
in Chile, 1985-86. 

San Juan Paucho 

Average Average
Seeds/ Seeds/ Yield Tubers/

2 2 
tuber Yield Tubers/ tuber 

Spacing (cm) hill m (kg/m 2 ) 

8 x 15 1 833 12.73 
8 x 3 1 416 11.09 

8 x 8 4 625 12.45 
Broadcast 938 10.96 

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 from 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. Seedling tub-
ers harvested in December do not reach 
their optimum physiological stage for the 
spring planting in February. The early 
breaking of seedling tuber dormancy by 
chemicals such as gibberellic acid (GA 3) 
and thiourea accelerated emergence and 
resulted in higher yields. 

Research on TPS agronomy was also 
carried out in Morocco at the Complexe 
Horticole (Agadir), in Senegal, at the 
Center for Horticultural Development 
(CDH), 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 scheme 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 

M2m wt (g) (kg/M 2) wt (g) 

1056 12.06 6.56 770 8.52 
750 14.80 7.97 445 17.91 
989 12.60 7.66 745 10.28 
971 11.30 8.59 603 14.25 

in summer, and planting them for a sec­
ond crop later in the year. 

In fall 1985 in Tunisia, marketable yields 
of seedling 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 seedling tubers and their subse­
quent perfomance 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 
t/ha) 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, Desirde OP seedling tubers did 
not store well in DLS and yielded between 
26% and 42% less than those from cold 
store. 

In Rwanda. the socioeconomic aspects 
of TPS use were examined in 19 on-farm 
experiments conducted in four com­
munes. The trials compared the use of 
seedling tubers with traditional seed tu­
bers. On the average, crops from seedling 
tubers yielded 25% higher than the tra­
ditional crop. 

South Asia. Three areas in Pakistan 
were chosen to evaluate the potential of 
TPS: Kalam (2300 m) and Hunza (2450 
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m) inNorth 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 trasplanting by damping-
off. In trials with Desir6e OP,the number 
of seedling tubers produced was 320.rn 2 

at Kahun and Hunza, and 750/n 2 at Quetta. 
However, the mean tuber weight was 17, 
14, and 8 g at lalanm, Hunza, and Quetta, 
respectively. In an evaluation of ten hybrid 
progenies from CIP and OP progenies of 
Desirde and Kufri Sindhuri, live of the 

2hybrids gave more than 4 kg/n . Atzimnba 
x 7XY. I 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 seedling tuber production. 
In live on-farm trials at Atghara, West 
Bengal, fanners produced between 2.4 and 
4.0 kg/m 2 , and two trials in Mandra (Cal-
cutta) yielded 1.6 and 3.3 kg/n 2 . On riv-
erbed soil at Deesa, Gujarat, live TPS 
progenies gave between 1.4 and 5.6 kg/ 
m2; the best genotype was HPS-I/13. This 
genotype and HPS-I/1II gave the best 
yields of the five progenies at Pu,;a, Bihar, 
averaging 2.1 kg/m 2 (521 tubers) and 2.0 

kgim 2 (752 tubers), respectively. The 
resu'ts of these and similar trials are sum­
marized in Table 5. 

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 research is 
still needed to overcome the main prob­
lem of improving flowering of parental 
clones ftoseed production. Under the 
short-day conditions, additional artificial 
light of 5 hours hetps flower induction. 
Thirty-four on-farm trials were conducted 
by BARi 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 still has to be.organized. 

SotheastAsia. Research on the use of 
TPS is only pail of a more extensive pro­
gram to provide good planting materials 
for resource-poor farmers of Southeast Asia 
wh. ,Tannot afford expensive imported 
seed. In Mindanao, Philippines, 20 

Table 5. Seedling tuber production at five different locations in India during the Rabi season of 
1985-86. 

Yield (k;/m 2 ) at five locations Average
Progeny Modipuram Chindviara Deesa Pusa Pant Nagar yield

(kg/m 2 ) 

TPS-2 (OP) 
MF-I (OP) 

HPS-1/111 

HPS-li13 IS) 

3.04 

3.92 

4.11 

4.43 

2.00 
3.53 

4.04 

-

1.37 
3.92 

5.27 

0.61 
1.10 

2.05 

0.65 
0.72 

0.79 

1.53 
2.64 

3.25 

HPS-1/13 (K) 
HPS-1 1/111 
CD (0.05) 

4.44 

4.11 

0.75 

5.16 

3.44 

-

5.56 

2.74 

1.08 

2.12 

0.85 

-

1.08 

-

-

3.67 

2.79 
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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 uniforn tuber shape, 
good color, and earliness under the longer 
days of Mindanao (January-May). TPS of 
these crosses was produced at CIP's 
germplasm center at Sta. Lucia and sup-
plied to famiers of a local .ooperative who 
produced an average of 400 seedling tu-
bers/m2 in nursery beds. Those weighing 
less than 3 g (38%) were replanted in a 
screenhouse to produce more tubers. The 
fist trial with these seedling tubers was 

Table 6. Results of 34 on-farm trials with 
TPS progenies and commercial varieties at Mun. 
shiganj, Bangladesh (1985-86). 

No. of
Progeny or 
var;ety 

times 
included 

Yield 
(t/ha) 

Range
(/hal 

Atzimba x R-128.6 18 18.85 14.3-24.2 
Serrana x DTO-28 22 18.58 12.3-22.4 
Serrana x DTO-33 22 16.52 21.1-25.1 
Dohazari (OP)
Patrones (tubers)LatPi (tubers) 

2 
23 
217 

11.70 
19.07

.97 
10.8-12.6 
14.5-27.0 
34.8. 

planted in a farmer's fieid in double-row 
beds at a rate of 55,000 plants/ha. The 
tubers were planted according 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 cooperalive has, been 
able to develop a workable system ofpro­
ducing planting material from TPS. How­
ever, there is still the problem of 
developing a cropping system that is not 
based on continuous forest clearance, and 
of obtaining optimum yields with limited 
fertilizer inputs. At present, CIP remains 
the cooperative's main supplier 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 farners were 
supplied with TPS of progeny Greta x 

AVRDC-1287.19. Seven farmers suc­
cessfully genfinated the seed in small I-x'ts
made of leaves, transplanted the seedlings 

in the field, and obtained yields of 7.5 to 
15.2 t/ha even though typhoons 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 e AVRDC-1287.19, 
Bukidnon, Mindanao. 

Yield (t/hal per seed size 
Seedling tuber Extra Total yieldsize (g) large Large Medium Small Scramble (tiha) 

>25 5.0 14.5 13.9 8.4 2.9 44.8 
15-25 5.9 13.5 15.0 8.6 1.8 44.9 
10-15 5.3 13.0 16.0 7.2 1.7 43.6
 
5-13 2.7 9.0 15.4 8.4 1.9 37.4
 
3-5 1.3 6.1 13.5 8.3 3.3 32.4 

Cosima (50 g) 3.8 7.4 9.0 4.2 2.6 27.7 

CV()0 o 57 23 19 35 47 11 
LSD (5%) 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 transplarted with TPS and an 
average of three million seedling tubers/ 
ha was produced. In the 1985-86 season, 
the first commercial crops using seedling 
tubers were grown. In comparison to cul-
tivarsAckersegen 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 early, limiting 
canopy development and giving low yields, 
The nine-month storage period for seed-
ling tubers is problematical and progenies 
with longer dormancy periods are needed. 

TPS production. To ensure TPS avail-
ability and extensive use in the tropics,
research on techniques for efficient 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 early growth rate of seedlings, 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 appli,-ations during TPS 
development achieved 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 
achieved 25 days after sowing, was 
increased even further when supplemental 
N was divided into six applications as 
compared to 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 berries reduced average berry size 
and 100-seed-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 
decrease in 100-seed-weight was due 
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Figure 3. Production of hybrid TPS in Osorno, Chile. 
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large seeds 1 I5"). Increas in the berrv 
load increased to t seed prOdlCtiolntle ,al 

per inflorcsencc in w.Cillt and nuttiCr. 
In six varieties. rPS production inl 

infloresce .ceswith 25."fruit set. IcCOnl-
plished hy pruning flowecrs. %%as con-
pared with that of inflor.scences with 
till.axiltntil possile ftuit set (around X5' ). 
More h,)rric, per inllorcscncc did uuol 
redttce the avcrace' bery ,,ei,ieht or the 
percentage of laree herrics in the aidri\ties 
Renacinlicnto anL SCrrtlli. Illte the r 
l'(,ar varielic,, berrv v,cil-i.t Audd pCrcCllC 
of lare berries wcre reced. but the tol~d 
production of larue- arid Iuiediuui-si/Cd 
berries was increased. lCsts COtLduCtCd on 
tile the plant seed indicated that positiot Otil 
and the size of the herry frim whtch the 

illents. a preliminary experiment was coni­
dutLCled illSan Raon duringz tile1986 drv 
SeimO . The that wa,',sSeed produced ger­
minatcd whll but production efliciency was 
10%N.In At/iniM.t maximnumIIllthe berry set 
neeCd from 40; to 6(, and in 1)T(-33 

from 65(%. to 7()';. I).creasine the Inm­
her i becrries per infloresceln e bINprun­
in12 IloMsrs Shqoecd little effect otn the 
avcr c herr, wei eht . Berrics developed 
on sccolldal inIllrescelccss rc sniallcr 
a Cid1ld than thoseICdls ptdulCed on 
pritaix inlor,,cences,. lhloLgh the her­
ries uatuird ott the plainl Ior the Salle 
period.
 

A pt-Clitilur., Cvadltion cottducted hn 
I latic~ao0 oilthe -clatiollhip between stell 
dnsity. herr', ,i/C. arid seed characteris­
tics showcd that oIe-'tletll plants pro­

seed was ob tained did Ilota11'cct IlI'Sd uced Iar'ier bCtTiCS anod Ilreer and heavier 
quaity . seed than three-stei ltls. Ftr fuIrther 

To evalunate the feasibility ofli hrid "I', studies tin th1e efcct I f p lit ICnsi it tin 
production il wkarm tropical crtvirtn- flowcring and TI'PS production. tubers of" 

156 



the varieties Atzimba, Yungay, and Ren- Emergence (/o)
 
acimiento were planted at a distance of loo
 
15, 30 and 60 cm in the row and 150 cm
 
between rows, which resulted in high, 80
 
intermediate, and low stem densities.
 
Flowers of Atzimba and Yungay were
 
pollinated with R.128.6 pollen, whereas 60
 
flowers of Renacimiento were left to form
 
open-pollinated berries. Different plant- 40
 
ing distances did not affect the initiation
 
or length of the flowering period, but 20
 
higher plant density decreased the number
 
of inflorescences and flowers per plant. In
 
the varieties Yungay and Renacimiento, Serrana Atzimba
 
fruit set decreased with increasing plant x 
 x 
density. Treatments with higher stem DTO-28 DTO-28
 
density produced smaller berries and Figure 4. 
 Seedling emergence in two progenies 
smaller seeds. In Atzimba the total seed three days after sowing TPS without gibberellic
production per unit area was not signifi- acid. 
cantly different for the three density treat­
ments. The largest production of seed was Lima, experiments have continued on 
obtained from the intermediate stem den- methods for improving TPS production
sity in the variety Yungzy and from the .efficiency. Studies included the use of 
high stem density in the variety Renaci- growth regulators and environmental fac­
miento. tors (light intensity and duration) in rela-

Greater understanding of TPS dor- tion to the flowering/berry setting and 
mancy has prompted research to develop pollen fertility response. 
a practical method to overcome this prob- Increased berry maturity was found to
lem in TPS use. Dormancy not only enhance the speed of emergence of TPS 
imposes limitations due to the need of using seedlings and hence their successful field 
GA 3, which is difficult to obtain in devel- establishment. Seedling emergence three 
oping countries, but also the use of GA. days after sowing the TPS from berries 
was demonstrated to adversely affect vigor that matured on the plant for II weeks 
and uniformity during early seedling was approximately 70% higher than that 
establishment. TPS of progenies pro- of TPS from berries that matured seven 
duced and handled in the same way have weeks prior to harvest. Stored TPS treated 
shown different speeds of germination. In with GA 3 were of lower vigor than 
experiments with freshly extracted TPS of untreated seed. 
two hybrid progenies produced and han- Seed stored dry (2-5% moisture con­
died similarly, about 70% of the seedling tent) has also shown improved emergence 
emergence was achieved only three days rate when compared to seed stored in 
after sowing Atzimba x DTO-28 seed; the ambient humidity conditions but at the 
other progeny, Serrana x DTO-28, showed ° same (5-10 C) temperature (Fig. 5). In 
slower and irregular emergence (Fig. 4). another experiment, the optimal temper-

In environments that limit flowering and ature for drying TPS of Atzimba x DTO­
fruit setting, such as 28, respect speedin San Ramon and with to 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-
inately 200 C. 

PRODUCTION COSTS OF TPS 

For a second consecutive year, a coop-
erative project between CIP and INIA was 
established for producing large quantities 
of TPS for distribution. The project was 
carried out at INIA's Remehue experi-
mental station at Osorno in the southern 
part of Chile. Production costs of four TPS 
progenies 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 produc-
tion cost per kilogram of TPS produced 
(including data from all progenies) was 
US$149 when emasculation was per-
formed. Costs varied from US$128 for 
Serrana x DTO-28, the most efficient 
combination in fruit setting, 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 

experimental nature of the TPS produc­
tion process, technical management is the 

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. 

TUBER PROPAGATION 

Latin America. Different methods ofpotato propagation were evaluated under 
summer conditions in CIP's experimental 

at San Ramon and Lima. Theproject 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 field establishment of 
plants derived from tubers, followed by 
transplanted rooted cuttings and trans­
planted 'IPS seedlings. 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 extending day-

Table 8. Yield (g/hill) obtained in awerm 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 
Transplanted seedlings - 419.0 

F-Test (P=0.05) 
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length. The yield from tubers derived from 
the three types of plant.ng materials grown 
in either warm or cool climates was influ-
enced by the conditions under which they 
were prod. ced (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 nszrsery beds have shown 
great applicability for seed tuber produc-

tion with delicate propagating materials 
such as micropropagated plantlets and 
small 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. 

4"..
 

Figure 6. Tubers produced by rooted cuttings transplanted into 
nursery beds at a high density of 66 cuttings/M 2 . 
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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 plants/ni 2. 

In another experiment, the per-
fonnznce of different seed tuber sizes (I ­
5, 5-10, 10-20, and 40-60 g was corn-
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 fiora 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 
greatir degree of clumping of stems caus-
ing increased stem c ,repetition. 

The program 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 from 12 regional centers. 
Nontechnical problems that need to be 
solved are insufficient funds at regional 
stations for basic seed multiplication and 
a lack of infrastructure such as storage 
facilities. In the 1986-87 season, further 
efforts will be made to improve the num-
ber and quality of seed producers han-
dling the later stages of multiplication, 

Socioeconomic studies were made to 
define actual production costs of the Peru-
vian basic seed program. The internal rate 

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 thc extension service 
of INIPA, harvested over 50 on-farn trials 
to measure the agrocconomic returns from 
the high quality seed produced by the pro­
gram. Analysis of the data from 29 of the 
trials showed that improved seed (30.1 
t/ha) gave significantly more yield than 
farmers' seed (26.0 t/ha). 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 221 - of the trials had a 
negative net benefit, 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, farmers 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 mosily 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 effects; virus infection accounted 
for only one fourth of the yield 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 
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Ministry of Agriculture and selected 
farmers. In 1986 the first demonstratior 
crops of potatoes grown from seed pro-
duced in Uruguay and Argentina were 
harvested. The seed of varieties Baraka, 
Crystal, Famosa, and Hertha had been 
stored for eleven months in cold storea 
before planting, but still gave yields of 
16-21 t/ha. Tile results impressed farmers 
who normally plant diseased seed pota-
toes purchased from the local market. 

Central and North Africa. A new 
strategy is in ibeing pursued Burundi 
protect seed at the main seed 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 syniptoms in the 
field, thus facilitating roguing. Seed 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 screened 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 
field and methods for reducing these are 
being investigated. 

At Mwokora. 8 ha were planted for seed 
production for two consecutive seasons, 
Less than 2% off-types and diseased plants 
were eliminated, although subsequent 
serologiLal examination showed a heavy 
latent infection by bacterial wili in the 
variety Kinigi. 

Farmers find it difficult to obtain 
improved seed for 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 seed were made on a 
tea estate by planting potz, )es 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 demonstrate 
this method to other projects. A similar 
demonstration on a peat-cutting project 
during the dry season 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. 

Farners in Egypt need goodi quality seed 
for spring and autuni 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 gave slightly better 
yields (26.4 tha) in autuni than either 
the farmers' own seed (24.7 t/ha) or seed­
ling tubers (24.1 t/ha). In the spring, a 
comparison was made of newly imported
 
and locally multiplied seed of live vari­
eties. 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
iologiLally 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 seed 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 varieties 
and clones. The Bangladesh Agricultural 
Development Corporation distributed 43 
t 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 al 
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 are used successfully by farmers in 
the Philippine highlands but management 
of mother plants is a problem in that area. 

YIELD REDUCTION BY VIRUSES 
Latin America. In studies on the effect 
on yields of the common viruses found in 
the highlands of Peru. no reduction in yield 
could be found in plants infected with PVS, 
PVX, APMV, or APLV, nor combina-
tions of these viruses. However, PVY and 
PLRV reduced yields significantly, as did 
combined infection with PVX and PVY. 
There was no evidence that healthy plants 

adjacent to diseased plants compensated 
for the lack of competition. Since Andean 
varieties in general have long stolons it is 
suspected that some of the tubers appar­
ently harvested 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 diseased plants was even greater (84% 
in 1986 vs. 66% in 1985). The mean yield 
of adjacent healthy and diseased plants 
was used to indicate the overall loss in 
the field; 37% in 1986 and 23% in 1985. 
Yield 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. 
CIP responded to these requests ill 1986 
by collaborating with na'ional programs 
and the Southeast Asian country network 
SAPPRAD in eight regional and in-cou­
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 seed 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 
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in TPS agronomy. I Vietnam, where there on TPS in Africa was held in Kenya and
is an increase in tL .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. 

163 



4-4 

I S­

,Fl 

RK' 



THRUST X
 

Potato and Sweet Potato in Food Systems
 

A computerized Root Crop Data 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, seed growers arc reach­
ing the limit of potato-growing land in the recommended three-year rotation 
plan. In Peru, where potatoes are the principal highland crop, fallow systems 
and fertilization methods were studied. Results from Peru could be applicable 
in other highland areas 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 varietal testing and 
maintaining genetic diversity at the flarn Applied research in Centrallevel. 
V'ru showed the feasibility of actively involving small farmers in seed 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 po.ato programs. Options have been dis­
cussed with appropriate governnental 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 ba,.k. A computerized 
bank has been established with national 
level data on production and use of pota-
toes, sweet potatoes, cassava, yams, and 
cocoyans and to lay the groundwork for 
several statistical serial publications. A 
computerized data base has been estab-
lished for statistics obtained from FAO's 
Basic Data Unit for all countries and 
regions of the world. Annual statistics arc 
included for the period 1961-1985. Var-

A. 
Index 1961/63 = 100 
310 

250 o-.-o All developed 
&..& World 

200 --a All developing 
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iables include population, GNP per cap­
ita, total food production, total cropland 
area, and the area, production, yield, and 
farm-gai prices of all root crops. Food 
balance shect statistics on the diverse 
sources and uses f each root crop have 
also been included fo, selected years. These 
include production, imports. exports, net 
change in stocks, total domestic availa­
bility, and use for feed, seed, 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. IA). 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 nearly 
60% of the developing regions' potatoes, 
whereas other Asian a-nd Middle Eastern 
countries produce about 25%, Latin 
America is just under 15c, and Africa 
less than 5% (Table I). Annual potato 
production averages 175 kg per head in 
developed countries compared to 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 production has 
remained relatively constant since the 

1960s (Fig. IB). 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 ('Fable 2). Hence, world 
trends in sweet potato production and use 
are 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
tries versus 32 kg in developing coun­
tries. 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, including 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 
changp in these variables from 1961-63 to 1983-85. 

Region 

World 
Africa 
Asia 
Europe 


Oceania 
North/Central America 
South America 

Alldeveloping countries 

All developed countries 

Percent change
Average 1983-85 1961-63 to 1983-85 

Produc-
Produc- tion/ Produc-

Area Yield tion capita Produc- tion/
(000 ha) (tlha) (000 t) (kg) Area Yield tion capita 

20,333 14.7 299,446 63 -14 31 13 -25 
741 8.3 6,185 11 159 14 194 60 

5,894 12.7 74,939 27 48 114 217 100 
5,298 20.0 106,151 216 -41 26 -25 -34 

49 25.4 1,243 51 -6 67 57 7 
744 27.7 20,639 52 -0 36 36 -4 
893 11.0 9,814 37 -7 58 47 -13 

7,421 11.8 87,324 25 48 105 203 83 

12,912 16.4 212,122 176 -31 29 -10 -26 
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A. Potato 

B. Sweet potato 

Figure 2. Ten largest potato and sweet 
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
teization and mapping, information was 
acquired ,zn programs, cartography needs, 
and types of ddta base analysis needed for 
optimal exploitation of information in the 
files. Regional studies on Yurimaguas, 
Cafiete, and Chanchamayo (San Ramon) 

Asian CPE 
(57.2 0/a1 

Africa 
(4.40/6) 

Near East 
(8.90/a) 

Latin 
America 
(12.60/a) 

Far East 
(16.80/a) 

Asian CPE 
(86.50/6) 

Near East 
(0.10/0) 
Latin America 
(2.00/a) 
Africa 
(5.30/6) 

Far East 
(6.10/6) 

potato producing countries in 

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
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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 1983-85. 

Percent change
Average 1983-85 1961.63 to 1983-85 

Produc-
Produc- tion/ Produc-Area Yield tionRegion capita Produc- tion/(000 ha) t/ha) (000 t) (kg) Area Yield tion capita 

World 7,998 14.3 114,185 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 11.1 108 0 -44 1 -44 -51 
Oceania 116 4.8 560 23 35 12 52 3
North/Central America 213 6.8 1,442 4 11 -1 10 -23
South America 153 9.0 1,371 5 -32 -7 -37 -63
 
Alldeveloping countries 7,867 
 14.2 111,979 32 -32 76 20 -27 
Alldeveloped countries 131 16.8 2,206 2 -70 -2 -70 -76 

tan and government authorities are Figure 3 illustrates the cropping patternbecoming concerned that farmers are not of the land under cultivation for Bhutan's
practicing a three-year rotation, since five main crops. It does not include land
farmrs are planting more and more of that is fallow, in pasture, or under other
their land to potato. A survey of 73 farm- crops such as maize and mustard. Pota­ers in Bhumthang District was undertaken toes, wheat, and bitter buckwheat eachto explore present cropping patterns. occupy approximately one fourth of the 

Potatoes Bitter buckwheat
(250/6) (260/o) 

~Barley 

(90/0) 

Wheat(24O/o) 
Sweet buckwheat 
(16o) 

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 no,, have in 
Bhumthang's cropping system.

The survey data were analyzed to com-
pare seed program 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-

imun land area that can be planted to 
potato under a three-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 highlandsnear Cusco 
are preparing their land for a potato crop, using an 
Andeaa foot plow (chaquitaclia). 
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Table 3. Results of soil surveys for the Marcapata Valley and Titicaca high plateau, Peru, 1981,. 

Variable 

Depth (cm) 
N0 3 NC (mg/100g) 

P205 (mg/1g00 ) 
K20 (mg/1 00 g) 
CaO (mg/100 g) 

Valley High plateauMin. level Marcapata Seriesa TiticacaSeriesa 
for growing With 

potato A B C D dungb 

0-20 0-20 0-20 0-20 0-20 
10.0 2.0 <2.0 4.0 < 1.0 25.0 
5.0 2.0 2.5 10.0 2.8 20.0 
5.0 0.0 0.0 0.0 3.0 15.0 

15.0 <70 <70 100 150 150 

aNote: 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 management 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 inother 
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 m2 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 
investi-ated 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 economy in the rural 
sector.
 

Although Peruvian farmers have access 
to a far greater number of potato varieties 
than the Bhutanese, they still put most of 
their land in two or three 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 farmers constantly seek and 
experiment with new varieties. The farm-
t.r's interest in, and aacption of, varieties 
is not always in accordan,:e with the vari-
eties being supported by t e national seed 
programs; for example, the variety being 
promoted by Bhutan's !,edprogram, Kufri 
Jyoti, is not in as much demand as the 
varieties Desirde or Maritta. 

Potato varieties in Rwanda. Two 
dozen local cultivars collected from farm-
ers and planted at the Rwandese experi-
ment station at Ruhcngeri (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-

lyzed. On the basis of this work, the fol­
lowing recommendations were presented 
to 	 the naional potato program (PNAP) 
and to the fostitute of Agronomic Sci­
ences (ISAR). 

0 It would be desirable 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). 

0 	It would be important for extension 
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. 

0 	It is necessary to give greater 
emphasis in the germplasm screen­
ing program to cultivars with shorter 
vegetativc cycles and shorter dor­
mancies. 

Peruvian highlandersmaintainseveral potato varietiesfor their preferredculinary 

qualities,storability, and adaptationto local growing conditions. 
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Table 4. Results of seed diffusion trials in the central highlands of Peru, 1985-86. 
Farmer Altitude Amount Amount 

planted harvestedlocation (m) Variety (kg) Yield
(kg) (t/ha) 

La Libertad 3700 Mariva 200 1356 17
Chiche 3760 Mariva 146 1358 20Chiche 3820 Mariva 200 1225 18Jarpa 3780 Yungay 200 1010 9Cauquian 3900 Perricholi 200 1127 16Palcomayo 3500 Tomasa Condemayta 150 1112 25
Shacamarca 3850 Tomasa Condemayta 50 71b 25Ulcumayo 3860 Perricholi 
Ulcumayo 3880 Perricholi 
Ulcumayo 3880 Mariva 
Acopalca 3660 Perricholi 
Cochambra 3350 Perricholi 

0 	It would be desirable to develop 
additional means of distributing seed 
of the new varieties 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 interest 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 

100 914 22 
140 2593 30 
100 2112 45 
200 1895 2 . 
200 1651 17 

seed and has studied possible means 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 ofexisting seed flows but for 
the shortage of seed and farmers' practice
'f 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 6of the 12 experimental sites. 
Because of high altitudes and planting 
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schedules it was not appropriate in some 
of the other sites. There is a high level of 
enthusiasm for continuing seed 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. 

It is still too early 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 
intendeu. in 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 because 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 of this total 
is in Rwanda where the area 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 

average per capita potato consumption in 
Rwanda has nearly doubled in the last ten 
years to about 50 kg. InBurundi and Zaire, 
potato consumption is more widespread 
than previously believed, although the 
average per capita consumption levels 
remain modest (about 2 kg/year inBurundi, 
and 4 kg/year in Zaire). 

Growers in Buumn'., 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 all 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 area planted expanded by 20,000 
ha. Yields increased modestly from 9.6 
t/ha 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 effective 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 
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~V/A 
In Riwanda, potatoes arc often halled orer long distances to urhan 
mnarkets in speciall ,made hasPets. 

availability of' potatoes oin a yea-ri'-r id 
basis, and a sharp decline in the relati\e 
price of' pttato versus other fOtLI s, 

Growers sell about 75(4, of the potatoes 
they produce, with a nilnlimuit.ii 01 exports. 
Instead, the bulk of the potatoes are sold 
in local, rural marketing chilannes. Despite 
the rise in current wholesale prices for 
potatoes, average niortily wholesale price.S 
in real teriis (Current prices delkclited h 
lie index of whlide salc food prices) were 

50(1 lower in 1982-84 than a decade ear-
licr. Seasonal price flhctuations havse also 
declined. Nevertheless, fhe expansion in 
cold storage capacity-by over 200.000 
tons since 198--has helped keep storage 
costs and prolit n argins nlatively low. I 
1985 growers received, onl the avcrage. 
between 50e1 and 60( of the linal retail 
price of' potatoes. 

Recomilendations tor iiprt wc future 
marketing prospects for potatoes ill Ban -
ladesh emphasize file iced to: 

0 	Reduce production costs by lower-
ing seed cost-, and improving fertil.-
izer use 

0 	 Relealse adapted varieties thiat give 
growers greater llexibility in setting 
p1lti g aMid harvCSt datCs 
Iiiprove coordination between gov­
ernment agencies i granting licen­
ses to0 Construct ne\ cold stores 

S "xpaind activities of' tile [ angladesh 
Agricultural Niarketing Departinent 
to include preparatin ofncrop situ­
ation reports, a broader dissenina 
tion of' mliarket information, and air 
expansion in postharvest extension 
work. 

ASS-SSMINT ()F IAT( lR()XRAMS 
I)urirg 1986. ('IP collaborated witl TIni­
isia's G(roiupement Interprofessioiniel des 
lcurMes (GIl. Korea's Rural Develop­
irent Adriiistration (RI)A) Korea, and 
tile Southeast Asiat Prourain for Potato 
Research arid l)evelopment (SAPPRAD) 
ill CIlmtictiirig case studies of potato pro­
grams. 

Tunisia. The ririsiarr seed potato pro­
gran has generated air 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 seed management practices have 
increased their incomes, and the seed pro-
gram has become a viable component of 
Tunisia's agricultural research and exten-
sion system. 

Several factors have contributed io 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 simuplc 
technical scheme was implemented that 
economized on scarce capital resources and 
personnel, 

Korea. Formerly, most potatoes were 
grown during the summer in South Korea's 
mountainous areas, but over time a grow-
ing share of the crop has been grown in 

the lowlands. In the 1960s and early 1970s, 
average potato yields remained low, mainh 
because farmers could 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 sec 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 seed program, 
virus disease symptoms in farmers' fields 
have been sharply reduced and yields have 
increased spectacularly-from an average 
of II t/ha in the 1970s to over 18 
t/ha at present. A conservative estimate is 

2anisia's seed program has contributed to a significant increase in potato 

yields, production, and farners' incom es. 
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A Korean scientist shows one of over 200 screenhouses in which basic
seed isgrown. South Korea's seed program has helped farmers to double 
their yield over the last ten .years. 

that the seed program's net benelit in1984 
was around US$20 million. For every 
dollar spent, the prograin generated about 
$25 in increased farm incomes. (on ­
surners also henelited fro111 a reductioni in 
potato prices, 

While the new seed prougram has been 
a technical and ecoilomic success, some 

institutional issues remain. Only 15'/4 of 
the seed potatoes that fariers use each 
year are certified; the rest come from an 
"'infformal" seed systemi which runs par 
allel to the "o(flicial-' seed pro(graill. Thle 
total benefits of the seed prograiii couIld 
perhaps he increased 1v illprov in g tile 
integration of the oflicial and informal 
systems, 

Philippines. The Philippine govern-

Incit is comiiniitted to diversi fyinj, low-
land crop production and eXpanding potato 
production as a Means o1 increasing poor 
farmers' inconres and poor corsumers" 
diets. A preliminary study ofthe potential 

'inipat . 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
pie in many rural areas for the first lime. 
It Would also reduce potato prices and 
stimilate increased c01suimption in the 
cities. These two factors together could 
allow the potato to raise nutritional 
standards in the Counltry 'srice-based diet, 
as well as to provide ali important new 
source of rural employment and income. 

The most critical harrier to expanded 
potato production in tile I 1Mlands was 
foInd to be the lack of plantinu material. 
Pest manrageIi rent prlhlenls %sill need to 
be addressed on a t 1till uing Isis through 
research and extension. Special credit and 
marketing programs may he needed in tile 
initial stages to stihitilate fiarniers to rap­

dy expand lowland piotato acreage. A dual 
system is likely to evolve inthe lowlands, 
with many small farmers producing pota­
toes for local corsu ilion in siall gal­
del plots amid a few large producers 
supplying major urban markets. 
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National Human Resource 
Development - Biotechnology 

1,4 

+>-' 

jo 

R esearchers, extensionists, 
and educators 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 
exis, in national institutions. It 
is lo 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 research 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 opportunities for personal interaction 
between CIP's scientific staff and large numbers of national collaborators. In 
1986, there was a total of 953 participants in training 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 UNOP-sponsored root and tuber crops training project also involving 
IITA. 

No. clones 

600
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77 78 79 80 81 82 83 84 85 86 
Year 

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 seed 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 national pro­
grams. This number increased to 213 clones to se:ven national programs in 
1981, and to 321 clones to 15 countries in 1986. To date, more than 1700 
clones have2 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
elimination. In the past II 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 IITA. 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 I-VI, 1986. 

Region 

Headquarters-Peru 

Visiting scientistsa 

Scholarships 
Student assistantships 
Preprofessional practiceb 

Region I
 
Bolivia 

Colombia 
Peru 

Region II
 

Argentina 
Brazil 
Chile 

Panama 
Paraguay 

Region III
 
Burundi 
Burundi 
Ethiopia 

Kenya and Rwanda 
Madagascar 
Zaire 
Zambia 

Region IV
 

Jordan 
Turkey 
Turkey 

Region V
 

Senegal 
Tunisia 

Region VI
 
Bangladesh 

India 
India 
Nepal 

Activity 

Tissue culture of potato, cassava, 
and sweet potato (CIP/CIAT 0 

Workshop on processing of potato­
based-mixes 

Nematodes of potato 

Integrated pest management 
Production with special emphasis 
on seed productionc 

Seed production and certificationc 

Production 
Productionc 

Nematodes of potato 
Production 

Production 
Production 
Storage 

Potato production from true seed 
Seed tuber production conference' 
Production 
Storage 

Production 
Serological detection of potato viruses 
Genrplasm management 

Production 
Seed production and storage 

Storage in warm climates and 
utilization workshop' 

Village-level processing 
Modern methods in potato production 
Field-level virology 

No. of No. of 
participants countries 

14 9
 

20 1
 
63 29
 
20 9
 
26 1
 
55 5
 

20 2
 

12 9
 

15 7
 

20 3
 
33 3
 
20 8
 
17 8
 
28 1
 

8 1
 
3 1
 

27 1
 
9 7
 

38 10
 
25 1
 
18 1
 

30 1
 
12 1
 
14 6
 

17 8
 
22 1
 

34 6
 
9 1
 

37 4
 
14 3
 

'35 trained at headquarters and 28 in the regions. 
b4 6 from Peru; 7 from developed countries. 
cUnited Nations Development Programme (UNDP). 
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Table 1 (cont.). CIP training actijities for CIP headquarters and Region VII and
SAPPRADd 1986. 

Region No. ofActivity No. of
participants countries 

Region VII 
Burma Seed potato production 45 1Laos Product!nc 15 1New Caledonia Potato production technology for

the Pacificc 
Philippines Nematology research planning workshop 

20 5 
9 7Philippines Potato production in the warm tropics 21 8Philippines Second international workshop on

biological control of nematodes 49Vietnam True potato seed and rapid multiplication 
11 

40 1 

SAPPRAD 
Philippines Lowland potato conference and

development workshop 35 1Philippines Marketing workshop 11 1Philippines Southeast Asia and Pacific seed 
pntato production 28 6 

cUnited Nations Development Programme (UNDP).
dSouthijast Asian Program for Potato Research and Development.
 

Follow-up and refresher training .s important in biotechnology, particu­larly as it relates to new and More efficient methods for virus detection. These
methods are fully integrated in the activiti,; oiganized for visiting scientists.
The degree to which the methods are addressed depend!; on national capacity
to make use of them. Numerous visiting scientists have received instructionon 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 research institution (INTA): to ena­ble ploidy manipulation, experience 
was provided on haploid extraction, aninheritance study was carried 'ut on 2n pollen production, and a new methodicr megasporoge. sis observation was developed. These methods will beapplied in making more efficient use of native and wild potato species for

virus resistance breeding in Argentina. 

Communications SRpport
In order for national researchers to make effective use of the latest biotech­nological research results, the findings must be converted to inforation
which should reach them ir a usable form. This communication processhinges on close cooperation betweet CIP's scientists and staff of the Training 

183 



A lthough Smile 	 national program., are using rustic -xilities and equipment 

designed on rh, principles of sophisicated equipmient, sone have demion­

strated the vih,' "biotechnology techniques to their go iernmnen ts and have 

acquired modern e,/'tipmnent to improve seed prodiction, as shown here in 

Cuba. 

Much of the successes 
enjoyed by national progranis 

, i n i ncorporatingbiotechnol­

ogy techniques into potato 
improvement efforts have 
bcen due to individualized 
instruction received under 
close supervision by CIt' 

"/ '-; 	 scientists. This tvpe of 
experience is usually given 
at CIP headqitarters ini Lima 
amid is not only intensive 
but also of sufficient dura­

tioi to permit v isiti n g 

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 collaborationre­
ceived from the UniversidadNacionalPedroRuiz Gallo in Lambayeque, Peru, 
on a cassava, potato, and sweet potato tissue culture course. The University 
permitted the use of theirfacilitiesand particepitionof their professorialstaff 
to teach partof the course. This particularcourse was conductedjointly be­
tween CIA T and CIPaspart of a special trainingproject funded by the United 
NationsDevelopment 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 produced 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 

CIPfeels the best learninglaboratoryfor applying biotechnology
techniques is one where learningconditions are similarto those
of the participants home countriesand where instructorshave 

received trainingfrom CIPand had opportunitiesto 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 their field. In 1985, 
a special project, funded by the International Development Research Center 

Trainingaway from headquartersin Peru permits CIP 
to conduct trainingin environments where conditions 
are more relevant to participants'research and 
productionactivities. 
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of Canada, was initiated to expand library services to national programs.
The project isbased 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, Phnt 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 PREVIEV, .),and CABI. 

* Selective dissemination of information has been offered 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 were placed in the library at the 
Huancayo station. 

* Direct support to national scientists visiting CIP headquarters in Peru 
has ben increased. Simultaneously, 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 ight generations, and the resulting certified seed, not significantly
better than traditional seed, was meeting less than I % 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 lar ,- planthouse was donated by the Ford Foundation. 
CIP provided in vitro pathogen-tested piantlets of three Ecuadorean varieties. 
The plantlets were multiplied to produce mother plants from which stem 
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cuttings were made and transplanted directly to the field. With this system, 
in four generations, approximately 4% of the certified seed requirements are 
being met and farmers are attributing a 25% increase in production to the 
improved seed now available. In order to promote continuity to this effort, 
an INIAP staff member is conducting re.,,earch at CIP 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 National 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 micropropagatiun 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 areas 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 are made from these to produce a lar?;er generation 
of mother plants. From all these mother plants, apical cu.tings are then taken 
and rooted in small bamboo or banana-leaf pots and solid to farmers who 
transplant them directly to the field. This material is used fo,' un to tour 
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 
field gave yields of up to 20 t/ha. By using tubers and sprouts, inv,.tment 
in seed tubers is only 15% of the costs of planting tubers alone. In 1986, 
100 ha of potatoes were grown using thi,, "stem. 

The impact that has been made using biotec'.hnological techniques 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 have gained 
experience in adapting biotechnological techniques through research with CIP 
for a Master's Degree at the University of the Philippines at Los Bafios 0 
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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 Bafios. 
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 Circuhr. Vol. 14 (Nos. 1-4). 1986. In 
English (ISSN 0256-8632) and Spanish 
(0256-8640). 

Control Integrado de Plagas de Papa [Inte-
rated Pest Management of Potato Insect 
Pests], edited by Luis Valencia. Papers
presented at the International Course on In-
tegrated Pest Management, held in Bogota, 
Colombia, June 29-July 19, in collabora-
tion with the International Potato Center 
and the Instituto Colombiano Agropecua-
rio. 1986. 200 p. In Spanish. 

Los Cultivos Transitoriosen el Peru: Andlisis 
da su Estructura y Tendencias de 1964 a 
1979 [Annual Crops in Peru: Analysis of 
Structure and Trends, 1964-19791, by Hugo 
F. Rodriguez. CIP, 1986. 76 p. ISBN 92-
9060-086-1. In Spanish. 

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. 

Systemtic Botany and Morphology of the 
Potato, by Z6simo Huam~in. 2d ed. re­
vised. Technical Information Bulctin 6. 
CIP, 1986. 22 p. In English (ISSN 0256­
8675) and Spanish (0256-8667). 

Technical Evaluation Series No. 6 (1982) and 
No. 10(1983). CIP, 1986. Now available in 
French (Nos. 6, 10) and Spanish (No. 10). 

T'issue Culture Propagationof 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 

AIai!a and A. Monares. 1986. Anilisis 
ex-aa,: del cambio tecnol6gico en lape­
quefia agricultura usando el roodelo de pro­
gramaci6n lineal. [Preliminary analysis of 
small-farming technological change using 
the !inear programming pattern.] Series: 
Essay No. 9, CIDEP, Facultad de Econo­
mfa, Universidad Nacionai Agiaria, Lima, 
Peru. 39 p. 

Aley, P., and E. R. French. 1985, Caracteris­
ticas fisiol6gicas, culturales y morfol6gicas 
de Pseudomonas solana-earum aislado de 
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papa en Yurimaguas. [Physiological, cul-
tural, and morphological characteristics of 
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Yurimaguas.] Fitopatologfr 21:1. (Abstr.) 
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ecological zones of Peru. Fitopatologia 21:3. 
(Abstr.) 
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96. 
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Research and Consultancy Contracts
 

Thrust I - Collection, Maintenance, and Utilization of Unexploited Genetic
 
Resources
 

1. Rothamsted [xpeimental Station, England - Stability/variability of potato in
 
culture and storage. Ml. G. K. Jones
 

2. 	 Instituto Nacional de Investigaciones Apropecuarias (INIAP), Ecuador­
Main'enance of the potato gerplasm in vitro collection. F. Muhoz
 

Thrust 11 - Production and Distribution of Advanced Breeding Material 

3. Cornell University, United States -- The utilization of Solanum tuberosun
 
spp. andigena germplasm in potato improvement and adaptation. R. L.
 
Plaisted, H. D. Thurston. W. M. Tingey, R. E. Anderson, B. B. Brodie, M. B. 
Harrison, anui E.E. Ewing 

4. 	 North Carolina State University, United States ---Brecding and adaptation of
 
cultivated diploid potato species. F. L. Jtavnes
 

5. 	IV.?. Agricultural University. Netherlands - A breeding program to utilize
 
the %%ildSolanumn species of Mexico. J. G. Th. Hermsen
 

6. 	 Universit. of Wisconsin, Unied States - Potato breeding mehods with
 
species. haploids, and 2n gametes. S. J. Peloquin
 

7. Ilstituto Nacional de Tecnologia Agropecuari .4TA), Argettina - Program
 
to use greater genetic variability in the potato -.,ceding plan. A. Mendiburu
 

8. 	Agii'ulture Canada - A proposal to evaluate mudern potato breeding
 
materials and thei- nutritional values. T. R. Tarn
 

9. 	 University of Tacna, Per -- Evaluation of sweet potato germplasm for
 
tolerance to certain abiotic stresses under arid conditions. R. Chve:
 

10. 	 Instituto Nacional de lnvestigaci6n Agraria (INIPA). Peru - Evaluation of 
advanced clones from CIP and the national potato program of Peru. 
D. Untiveros 

1I. Centro Naciokial de P'.squisas de Hortaligas (CNPH/EMBRAPA), Brazil -
Evaluation of potato germplasm Solanun tuberosum L.) in relation to 
resistance to Al:ernaria solani. F. J. 3. Reifschncider 

12. 	 Aegean Regional Agricultural Research lnstit,, (ARARI), Ttkey - Potato 
germplasm evaluation and multiplication. K. Teni. and B.Gonec 

13. 	 Coiisorzio "Mario Nefi" (ERSO), Italy - Selection of potato clones with 
bIigh starch content. A. Ferraresi and L. Concilio 
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Thrust III - Control of Bacterial and Fungal Diseases 

14. 	 Instituto Colombiano Agropecuario (ICA), Colombia - Evaluating the 
resistance of potato genetic material to Pseudomnonas solanacearum and 
Phytophthora infestans. F. G64ne: and J.Llanos 

15. 	 Instituto National de Investigaciones Agropecuarias (INIAP), Ecuador -

Study and control of potato diseass "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. Kehnan and L. 
Sequeira 

17. 	 Department of Agriculture, S~i Lanka - Development of resistance and
 
control of bacterial wilt for the mid and high elevations of Sri Lanka.
 
M. Velupillai 

18. 	 Universidad Nacional de I-ugnuco, Peru - Development of disease-resistant 
potato varieties with adaptation to the ecological zones of the Department of 
Huinuco. E. Torres Vera 

19. 	 National Agricultural Laboratories, Kenya - The reaction of selected potato
 
clones to two races of Pseudotnonas solanacearwn; in Kenya. A. H. Ramos
 

20. 	Institute for Potato Research, 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 antibodies for potato virus identilication. P. Gugerli
 

Thrust V - Integrated Pest Management 

22. 	 University of the Philippines, Los Bahos, Philippines - Integrated control of 
nematodes and weeds by the use of biological control agents and solarization. 
R. Davide 

23. 	 Norlh Carolina State University, United States - Evaluation of potato lines for 
resistance :o the major species and races of root-knot nematodes (Aleloidogync 
spp.). J. N. Sasser 

24. 	 Instituto Nacional de Investigaciones Agropecuarias (INIAP), Ecuador---
Evaluation of clones resistant to potato cyst neratodt (Globodera spp.) in 
Ecuador. R. Eguigurenand 1. Revelo 

25. 	 Universidad Nacional Agraria-La Molini, Peru - Consultancy on 
Pratylenchus spp. as important nematcle pest; 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. Sarniento and Colleagues 

198 



27. 	 Institute for Pesticide Research, Netherlands - Isolation, identification,
 
synthesis, and field testing of the sex 
pheromone of Ccrobipalpula absoluta, 
Symmetrischema plaeseosema (Lepidoptera: Gelechiidae). S. Voerman 

Thrust Vl - 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. S. Villagarcia 

29. 	 Universidad Nacional A-raria-La Molina, Peru - Training and consultancy 
research on the effects of soil maniagement and fertilization on flowering, fruit 
setting, and seed quality of the potato. S. Villagarcia 

30. 	 Universidad Nacional Agraria-La 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. 	 Intituto Colombiano Agropecuario (ICA), Colombia - Consultany on potatc
breeding to obtain frost-tolerant clones adapted to Andean countries. 
N. Estrada 

Thrust IX - Seed Technology 

32. 	 Victoria Department of Agriculture, Australia - Productiun 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 .1.Banse 

34. 	 Instituto di 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. Nifiez
 

Support Department 

37. 	 International 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 Agricultural Center, Netherlands - Consultancy for regional 
research and training. H. P. Beukemna 
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Financial Statement
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REPORT OF INDEPENDENr ACCOUNTANTS
 

March 6, 1987,
 

To the Board of Trastees 
International Potato Center - CIP 

In our opinion, the accompanying information, presented iii Exhibits 
1 to 6 is stated fairly in all material respects in relation to the 
basic financial statements, taken 3s a whole, of the international 
Potato Center - CIP for the year ended December 31, 1986, which are 
covered by our report dated March 6, 1987 presented in the first 
vt.tion 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
cial statements taken as a whol. This accompanying information is 
presented for purposes of additional analysis and is not a required
 
part of the basic financial statements. Such information has been 
subjected to the 
auditing procedures applied in the examination of
 
the basic financial statements.
 

Countersigned by 

- -e (partner)
 

Frang~sco J. r.eno 

Peruvian Public Accountant 
Registration No. 155
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INTERNATIONAL POTATO CENTER - CIP 
BALANCE SHEET (NOTES I AND 2) 
AS OF DECEMBER 31, 1986 AND 1985 
(Expressed in U.S. dollars) 

1986 1985 

ASSETS 

CURRENT ASSETS 

Cash and short-term deposits 3,215,983 1,224,653 

Accounts receivable 
Donors 1,609,037 1,429,498 
Advances to personnel 20,592 36,493 
Loans to executives and employees -

current portion (Note 3) 119,064 104,333 
Others (Note 4) 229,280 202,137 

1,977,973 1,772,461 

Inventories of laboratory and 
other supplies 517,495 469,613 

Prepaid expenses and other assets 81,075 102,415 

Total current assets 5,792,526 3,569,142 

RESTRICTED FUNDS (Note 3) 300,000 400,000 

LOANS TO EXECUTIVES AND EMPLOYEES -
NON-CURRENT PORTION (Note 3) 357,034 411,792 

FIXED ASSETS (Note 5) 10,487,260 9,271,377 

16,936,820 13,652,311 

The accompanyingnotes arean Integralpart 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 aid 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 5) 


Unexpended funds -

Operating funds - Unrestricted 


- Restricted 

Working funds 

Special projects 

Cooperative activities 


GRANTS PLEDGED (Note 7) 

1986 

483,071 
1,871,373 

-
197,253 

2,551,697 

283,760 

457,411 

10,487,260 

34,928 
172,643 

1,300,000 
1,637,393 

11,728 

3,156,692 

16,936,820 

1985 

105,558 
1,035,118 

643,992 
50,225 

1,834,893 

403,576 

385,512 

9,271,377 

(1,784) 
-

880,000 
807,666 

71,071 

1,756,953 

13,652,311 

The accompanying notes are an Integralpart of the financial statements. 
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INTERNATIONAL POTATO CENTER - CIP 
STATEMENT OF REVENUE, EXPENDITURES AND CHANGES 
IN UNEXPENDED FUND BALANCES (NOTES I AND 2) 
FOR THE YEARS ENDED DECEMBER 31, 1986 AND 1985 
(Expressed in U.S. dollars) 

1986 1985 

REVENUE 

Operating grants: 
Unrestricted 8,881,253 6,100,959 
Restricted 2,631,441 3,018,047 
Other restricted core 582,945 -

12,095,639 9, 19,006 

Special project grants 2,530,864 1,340,569 
Grants for fixed asset additions 837,054 627,981 
Grants for cooperative activities 251,506 274,460 
Working fund grants 350,010 51,000 
Other income, net 433,729 303,970 

16,498,792 11,716,986 

EXPENDITURES 

Operating costs: 
Potato research program 3,455,313 2,560,824 
Research services 1,489,915 1,263,528 
Research program and training 2,817,074 2,842,433 
Library, and information service 736,799 408,997 
Administration cost 1,280,125 1,054,012 
Other operating costs 2,060,486 1,344,496 

11,839,712 9,474,290 

Other restricted core 615,706 -

Special projects 1,636,624 998,609 
Grants returned 19,275 4,767 
Cooperative activities 293,466 246,685 

14,404,783 10,724,351 
Additions to fixed assets 837,054 627,981 

15,241,837 11,352,332 

Excess of revenue over expenditures 1,256,955 364,654 
Unexpended fund balance, beginning of year 1,756,953 1,392,299 
Addition )f SAPPRAD balances 142,784 -

UNEXPENDED FUND BALANCE. 
END OF YEAR 3,156,692 1,756,953 

The accompanying notes are an Integralpart of the financIal 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) 

1986 1985 

SOURCE OF FUP DS 
Excess of revenue over expenditures 1,256,955 364,654 
Jecrease in inventories - 90,797 
Decrease in other assets 21,340 9,667 
Increase in accounts payable and other liabilities 1,360,796 -
Increase in grants received in advance - 643,992 
Decrease in restricted funds 100,000 100,000 
Decrease in loans to executives and employees 

non-current portion 54,758 159,923 
Provision for severance inder.aities 113,810 101,899 
Assumption of SAPPRAD fund balance 142,784 -
Increase in funds invested in fixed assets 1,215,883 786,896 

4,266,326 2,257,828 

APPLICATION 01 FUNDS 

Purchase and replacement of property, 
plant and equipment 
- Core acquisitions 837,054 627,981 
- Special project 98,733 104,013 
- Net cost of replacement 280,096 54,902 

Increase in accounts receivable 205,512 292,338 
Increase in inventories 47,882 -
Decrease in accounts payable and other liabilities - 129,892 
Decrease in grants received in advance 643,992 -
Decrease in long-term debt 119,816 150,366 
Payment and advances of severance indemnities 41,911 10,654 

2,274,996 1,370,146 

Increase in cash and short-term deposits 1,991,330 887,682 
Cash and short-term deposits, beginning of year 1,224,653 336,971 

CASH AND SIORT-T.RM DEPOSITS, 
END OF YEAR 3,215,983 1,224,653 

The accompanying notes are an Integralpart 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) 

1. Operations 
The International 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 research programs, preparation and training of scientists, dis­
semination of research results inpul'lications, 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 Internationl 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. 

1. 	Summary cf 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 grants 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 inthe period stipulated
by the donor. Other income, net, is recorded when earned and is comprised primarily
of interest on investments, proceeds from sales of fixed assets and translation gains
and 	losses. 

c. 	 Expenditures -
Firm orders for purchases of fixed assets and services are recorded in the year of their 
commitment. Expenditures made by international programs are recurded 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
terest at current bank rates and are valued at cost. 

e. 	 Inventories of laboratory and other supplies -
Inventories of laboratory, spares and other materials are valued at estimated market 
value, which approximates cost. 
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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 related 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 iidemnities are iccounted for on an accrual basis. The amount 
accrued represents the amouint that would have to be paid to the employees if they 
were to teriinate as of the date of the financial statements. 

In 1986, the CIP began including the operations of the SAPPRAD projects as part of their 
financial statements, including 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 purposes. 

3. 	 Loans to executive and employees and long-terni 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 installments bearing inte.est at the New York prime rate plus 1.5%. 
Loan balances with executives and employees at December 31, are as follows (in US. 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
 

476,098 516,125Less current portion 	 (119,064) (104,333) 

357,034 411,792 

Amounts outstanding under the term loan at December 31, are as follows (inU.S. dollars): 

1986 1985 

Current portion (Note 6) 	 96,851 86,591
Non-current portion (maturing 1987-1990) 	 283,760 403,576 

380,6i 1 490,167 
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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4. Accounts receivable - Other
 

This balance is comprised of the following at December 31 (in U.S. dollars):
 

Advances to organizations for research wcrk 
Travel advances 
Advances to contractors and others 
Others 

5. Fixed assets 

1986 1985 
102,199 148,805 
40,564 9,131 
19,035 35,886 
67,482 8,315 

229,280 202,137 

Fixed assets at December 31, comprise the following (in U.S. dollars): 

Buildings and construction 
Research equipment 
Vehicles and aircraft 
Furniture, fixtures and office equipment 
Operating farm equipment 
Installations 
Site development 
Communication equipment and other 
Construction in progress 

1986 1985 
2,902,754 2,536,964 
1,338,529 1,154,,84 
2,219,541 1,811,483 
1,095,839 965,092 

402,482 354,726 
1,302,915 1,126,284 

667,215 607,532 
531,024 364,512 

26,961 350,M 
10,487,260 9,271,377 

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). 

6. Bank overdrafts and current portion of long-term debt 

At December 31, this balance is comprised of the following: 

1986 1985 
Bank overdrafts 386,220 18,967
Current portion of long-term debt (Note 3) 96,851 86,591 

483,071 105,558 

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. 
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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 Development 
Netherlands Government 

167,000 
120,000 

246,000 
120,000 

263,030 
-

341,000 
-

Belgian Government 
Federal German Government 

189,000 
12,000 

180,000 
-

-
-

-
-

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-
licand 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 international 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 secretariat 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. 

CIAT 
International Center for Tropical
 
Agriculture
 
Cali, Colombia
 

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 

ICRISATInternational Crops Research 
Institute for the Semi-Arid Tropics 
Hyderabad, India 
(ITA 
International Institute of Tropical 
Agriculture 
Ibadan, Nigeria 
ILCA 
International Livestock Center 
for Africa 
Addis Ababa, Ethiopia 
ILRAD 
International Laboratory for 
Research on Animal Diseases 
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 
International Food Policy Research 
Institute 
Washington, D.C., U.S.A. 

ISNAR 
International Service for National 
Agricultural Research 
The Hague, Netherlands
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