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Foreword 

Both CIP and the CGIAR system, well into their second decade, 
are taking a lock at themselves. One result is this publication by the 
International Potato Center (CIP). A comprehensive imr'act study 
for all centers of the Consultative Group on Irernational 
Agricultural Research (CGIAR) system is scheduled for publication 
in 1985. 

The question being posed is, "What have been the results of
 
research and training conducted by the International Agricultural
 
Research Centers?"
 

Agricultural research usually needs a long time for benefits to
 
show in farmers' fields or in consumers' diets. However, in taking a
 
close look at CIP after some 12 years of potato research we found
 
exciting consequences of our efforts.
 

Increases in potato production have made this vegetable the
 
most rapidly expanding major food crop in the third world - and
 
its fourth most valuable crop in monetary terms. Potato consump
tion is doubling every 10 to 15 years.
 

The story, however, is not so much about what production in
creases are taking p!ace, but how the3 are being accomplished at
 
this early date in the life of the potato Center.
 

At an early meeting of CIP's Board or Trustees, the decision was 
made to give highest. priority to assistance and collaboration with 
national programs and let institutional facilities and the research 
program at CIP develop with time. This early, close, and genuine 
peer relationship with national scientists around the world has 
been the single most important factor in CIP's success. 

A major part of CIP's philosophy is permanence. The Center's 
organizational base depends on national potato programs and the 
people within them - the driving force that provides permanence, 
flexibility to change with conditions, a reaching for new national 
attainments, and collaboration. 

As you read this study use a different measure of CIP's impact 
than such items as numbers of countries involved, amounts of 
germplasm distributed, varieties released, or yield increases. These 
are included in this study report merely to indicate the scope of CIP 
and national program collaboration. 

Gauge the impact of research and training primaiily in terms of 
institutional capacity to sustain future agricultural growth by solv
ing problems as they arise. 
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What has been the impact of the Center on national research in
stitutions?
 

What relevant technologies have been developed and trans
ferred?
 

What technology has reached farmers' fields and had an impact 
on production?
 
Do national programs view the Center as a competitor for scarce
 
rcsources?
 
Do national programs take part in Center decision making? 

You will notice this study goes beyond the usual center annual 
progress report. It covers several years' work and it emphasizes 
the means by which progress was made through involvement of na
tional programs in all Center activities. We believe many lessons 
we learned can be usefully applied to other research centers. 

We have included quotations or paraphrased statements from na
tional program personnel and government officials. Also included 
are what we term "illustrative case studies" which detail how cer
tain advances have been made and-benefit people or country pro
grams. Short statements in "boxes" describe CIP and national pro
gram activities that you would seldom find in a formal research 
report. 

All CIP personnel would like for you to study this volume. It tells 
how one International Agricultural Research Center has attained 
an enviable impact in a short time. 

RichardL. Sawyer 
DirectorGeneral 
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PART I
 

The First 12 Years 
A group of forward looking scientists, policy makers, and donors 

concerned about food production problems in the world's develop
ing countries in 1971 founded the Consultative Group on Interna
tional Agricultural Research (CGIAR). 

The potato was included in the list of commodities to be in
vestigated by international agricultural research centers because 
of its: 

" potential value as a food crop in the tropics and subtropics, 
and, 

" rapid increases in production responding to the interests of 
developing country consumers and producers. 

Today, three billion people - three-quarters of all humankind 
inhabit the 95 potato producing countries of the developing world. 
China alone produces 56 million tons of potatoes, Indiv 9 million 
tons and Turkey 3 million tons. 

'1ihe potato ha- moved into the tropics, the attraction being de
mand for a nutritious, rapid growing, and highly productive food 
crop. 

CIP was organized in 1971 to meet that demand. 
During the past 20 years, the rate of increase in potato produc

tion in developing countries has outpaced growth rates of all other 
major food crops. At present, potato coisumption is doubling every
10 to 15 years. In some areas, such i~s the Far East, consumption is 
doubling every 9 years. 

The adaptability of the potato to a wide range of growing condi
tions and dietary patterns are major reasons for the rapid increase 
in potato production in recent years. Coming originally from the 
highland tropics of South America, taken to Europe by the 
Spaniards, the potato went through a process of genetic adaptation 
to the temperate climate of Europe where it became a staple food. 
From Europe, potato production spread throughout the world. The 
crop is now grown in more countries than any other food crop ex
cept maize. 

European varieties are not specifically adapted to tropical grow
ing conditions. Only recently has potato breeding become a part of 
research in developing countries. Nevertheless, potatoes have 



already become the developing world's fourth most economically 
valuable food crop. 

CIP, in collaboration with national potato programs of develop
ing countries, is rapidly bridging the gap in research and develop
ment between tropics and subtropics and northern latitude coun
tries. CIP's objective is to fully exploit the potato's potential as a 
food crop in the developing world. 

2 The exploitation "gap" between developed and developing coun
tries is reflected in differences in levels of potato consumption. On 
the average, northern latitude consumption is more than 50 
kilograms per capita per year compared to under 20 kilos annua!ly 
in developing countries. In some developing areas the potato is 
already a staple food with consumption levels similar to those of 
developed countries. But in most developing areas potatoes are 
consumed as a high-cost vegetable. 

It is in these places that research leading to improvements in 
cultivation, post-harvest management, marketing, and agricultural 
policies will pay the greatest dividends in terms of increasing pro
duction and consumption of potatoes at ever lower cost levels. 

An international agricultural research center can take one of two 
routes to conduct its program: one is for the center to "go it 
alone," establishing its resear'h program, developing its new 
varieties and technological packages, and then "transferring" 
them to developing country programs or directly to farmers. The 
second route is for the center to work with national programs from 
the start. 

CI P has successfully followed the second route. 

Strategies 
CIP's philosophy is to involve institutions and scientists 

throughout the world in research, training, and potato improve
ment while keeping its own program modest in scope and sharply 
focused on developing country needs. Several strategies helping to 
accomplish this are discussed helow. 

Board of Trustees 
Members of the Board of Trustees represent diverse countries, 

disciplines, and experiences. The 30 individuals who have served on 
CIP's board are from 16 different nations; 14 from developing and 
16 from develope(l countries. The board has an active role in 
management, and evaluates the programs and budget annually. 

Social Science 
CIP's social science program provides management and research 

scientists with up-to-date information on potato production and use 
in developing countries. Through their participation in inter
disciplinary teams, social scientists also keep the interests of pro
ducers and consumers foremost in research and training programs. 

Internal Reviews 
Progress in all research projects and training is reviewed in a 



3 

week-long annual meeting of all CIP scientists, representatives of 

national programs, and board members. 

Planning Conferences 
Planning Conferences periodically re,. i- progress and establish 

guidelines for future research in each major research area. To date,
27 conferences have had 273 invited participants from 41 countries 
attending. 

Long-Term Plonning 
Based on planning conferences, assessments of developing

country needs and CIP's comparative advantages, a long-term
plan, "Profile 1972-2000," was issued in 1979. This plan, tile first 
developed by any center, goes to policy makers and potato scien
tists around the world. It is periodically updated to reflect research 
progress as well as changing perceptions of developing country 
needs and capabilities. 

Management Approach 
CIP management is highly decentralized, participatory and flexi

ble. It aims at solving routine problems at the level of individual 
research projects, departments, or regional programs. Senior 
management concentrates on major policy issues and formal rela
tions with donors and other institutions. Decentralized manage
ment allows CIP scientists, particularly in regional programs, to 
respond quickly to opportunities for collaborative research or train
ing activities. 

Regional Programs on Core Funding 
CIP was the first center to establish regional programs on core
 

funding. This ensures continuity of scientific contacts with country
 
programs. CIP maintains seven regional offices - two in Latin
 
America, three in Africa, and two in Asia. Regional staff members
 
collaborating with national scientists are responsible for identify
ing key production problems, testing and adaptive research,
 
multiplication and distribution of genetic materials, training, and
 
related institution-building activities.
 

CIP scientists communicate regularly with scienists and pro
gram leaders in 90 developing countries. In 1983, CIP staff 
members visited 61 developing countries, and scientists and policy
makers from 44 and 32 national programs visited CIP regional of
fices and CIP headquarters, respectively. These figures are in
dicative of the continual contacts maintaine(d worldwide. 

The "Third Dimension" Approach 
When country leaders seek external funding for a potato pro

gram, CIP attempts to link the country with a donor agency and a 
locally-based international agency which can administer the funds 
and implement the project. This strategy allows CIP to minimize 
the administrative burden of handling large numbers of special pro
jects. Three of these "Third Dimension" projects now operate in 
Bangladesh, Nepal, and Pakistan. 
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The food problem exists in the real world of the 
smallfarmers, in the real world of the imperfect 

( ( economies, and that is where the success of any 9 
researchprogramis tested. 
- Josette Murphy, U.S. Agency for International Development. 

Research Networks 
Many developing countries unable to afford a comprehensive 

potato research program solve their problem through CIP
sponsored collaborative research networks. These country pro
grams pool their resources to establish their own integrated 
research programs which investigate problems of mutual interest. 

Five collaborative networks are now functioning: two in South 
America and one each in Central America, Central Africa, and 
South East Asia. 

Collaborative Research Projects 
Direct research collaboration between scientists in CIP and na

tional programs is achieved by working jointly in research projects. 
A total of 111 such projects was underway in 30 developing coun
tries during 1983. 

Research Contracts 
Research contracts link CIP headquarters research to scientific 

expertise and research facilities throughout the world. Contracts 
motivate researchers to work on priority problems of developing 
countries, and provide operating funds for conducting needed 
research. Flexibility is provided for changing research priorities 
without incurring major changes in headquarters staff and 
facilities. 

Training 
CIP's training program is based on the philosophy that research 

and extension efforts conceived and executed collaboratively with 
national programs are more appropriate, effective, and longer 
lasting than those conceived and executed independently by CIP. 
All general production training and many specialized courses are 
conducted in regional and national programs. As a result, approx
imately 45% of the training budget is used for training activities 
away from headquarters. 

Since 1978 CIP has trained or facilitated training for more than 
2,500 researchers and extensionists from 102 countries. 

Eighty percent of respondents in a survey of former trainees in
dicated that after their CP training, they had trained 25,000 
others, including 13,000 farmers, 6,000 local researchers and ex
tentionists, 5,000 university students, and 1,500 potato workers 
from abroad. 
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Research begins and ends with
 
the farmer (below).
 

Peru.
 

"Farmer-Back-to-Farmer" Research Model 
Experiences in development and dissemination of seed storage


technology led CIP's post-harvest team to formulate the "Farmer
Back-to-Farmer" research model. Based on 
 the belief that
problem-solving agricultural research should begin and end with
the farmer, this model relies on interdisciplinary teamwork in all
phases of a continuous research/diffusion process. The model is 
now serving as guide to applied potato research in a number of
technological areas in several countries. Moreover, agricultural
policy makers and development specialists working on other crops
and problem areas have expressed great interest in the model, as a
guiding framework for applied research arid development. 

Research Results 
CIP research aims to solve priority problems of potato produc

tion and utilization in developing countries. Integration of head

iii~i . 4 



quarters and regional research programs ensures a two-way flow 
of information between national programs and CIP headquarters. 
Local evaluations of technologies and extension are primary 
responsibilities of national programs. 

The World Potato Collection 
Through sponsorship of collecting expeditions and as a 

repository of donated collections from other sources, CIP has 
6 	 assembled a reservoir of germplasm of the potato. This World 

Potato Collection includes 5,000 classified cultivated accessions 
and 1,500 wild accessions - the material used by scientists to breed 
new combinations of plants. It is the most complete and diverse col
lection of primitive potato cultivars in existence. 

Wild species in CIP's collection are used to develo) populations 
with new sources of resistance to diseases and pests. Continued 
maintenance, exploitation, and use of the germplasm collection are 
major aims of CIP's long-term plan. Research involving the World 
Potato Collection has only begun, with an estimated 90% of the 
available genetic diversity of the gene pool of tuber-bearing 
Solanuw awaiting future evaluation. 

Difficult crossability barriers between species within the germ
plasm collection have been broken through use of modern tissue 
culture techniques in combination with traditional methods. As a 
result, previously inaccessible genes of the wild potato species are 
now becoming accessible to modern breeding programs. 

Breeding Strategy 

Interbreeding produces a new array of genotypes. In initial 
screening for pest and disease resistances and agronomic 
characteristics, desirable genes are at a low frequency. Selected in
dividuals are intermated again, creating a new gene pool with an 
increased frequency of genes controlling desirable attributes. This 
process of recurrent selection is repeated several times, the selec
tion pressure increasing in each cycle leading to development of ad
vanced clones. 

CIP decided on this strategy, known as population breeding, to 
meet its objectives in producing genetic material adapted to 
developing country situations. It ensures a breeding population 
with wide genetic diversity to assure high yields and stability of 
performance and it increases the frequency of genes controlling 
adaptation, yield, and resistance or tolerance to biotic stresses. 

Seventy developing country potato programs have received 
germplasm distributed through CIP for evaluation under their con
ditions. Thirty-six selected clones have been multiplied and releas
ed to growers by 22 national programs. Eighteen of these 36 have 
been given specific names, often colorful adaptations of botanical, 
local or historical significance. 

CIP does not name varieties but encourages developing country 
programs to 	provide appropriate variety designations on material 
they evaluate and release. 



7 

This is one majorarea[distributionof advanced 
lines] where Bhutan has benefitted from its 
association with CIP. On the basis of the 

f, country's requirements, suitable germplasm has 9 
been suppliedfrom CIP and we have materialin 
advanced stages of testing. 

- Pema Wangchhuk, Bhutan. 

Results so far confirm the effectiveness of CIP's breeding
 
strategy.
 

Germplasm Distribution 
CIP has a collection of 150 pathogen-tested high'y selected clones
 

which originated either from CIP's breeding program or are in
troductions from other institutions.
 

CIP attempts to match the genetic nature and potential of its im
proved germplasm to the needs of countries requesting material.
 
The form in which genetic material is exported must also mat,-h the
 
capability of recipient countries to assure its efficient use.
 

Genetic material transfer is through CIP's regional germplasm
redistribution centers which test, multiply, and then distribute
 
selected clones to national programs. CIP provides intensive train
ing in germplasm management to increase efficiency of this
 
system.
 

Tropical Agronomy 
Highland zones have fragile ecologies and limited areas suitable 

for crop production. Consequently, policy makers in many develop
ing countries hope to expand potato production rapidly in warmer 
lowland areas. This would help alleviate pressures on fragile
ecologies as well as place more potato production nearer to con
sumers - half the world's population lives in these warmer lowland 
areas. This requires both adapted varieties and appropriate 
agronomy. 

Several national programs and CIP have collaborated since 1979 
in tropical agronomy studies to generate practical solutions to pro
blems of potato production in warm environments. Key factors for 
success are use of high quality seed tubers - to give vigorous 
emergence and early ground cover - and control of bacterial wilt 
through use of resistant varieties or appropriate agronomic prac
tices. 

Virus and Viroid Detection and Elimination 
At least one viroid and 25 different virus diseases have been iden

tified on potatoes. Potato leafroll virus (PLRV) and potato virus Y
(PVY) cause greatest yield losses .nd are the most widespread. The 
potato spindle tuber viroid (PSTV) is primarily of quarantine
significance, although in some locations it may become epidemic. 
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Control of virus and viroid diseases is based on exclusion and 
prevencion rather than cure. Hence, sensitive and reliable methods 
for detection are needed. Several detection methods have b.,en 
developed at CIP for use in the center's own breeding work, virus 
testing, an~d seed multiplication for export. 

CIP provides a Phytosanitary Statement with all export material 
assuring sanitation standards exceeding those required for com
mercial quarantine acceptance by importing countries. CIP's 
quarantine statement is unique among international agricultural 
research centers. 

Simplified serological techniques made available by CIP permit 
developing countries to use ultrasensitive methods of virus and 
viroid detection, with a consequent improvement in health of their 
crops. Since a large amount of virus antisera is needed, CIP is 
assisting some countries (Brazil, Colombia and Tunisia) to produce 
antisera for their own and other country use. In Peru, national 
potato program scientists produce their own antisera using CIP 
facilities, technology and supervision. Through seven virus training 
courses at least one member from each developing country seed 
potato program has been trained in techniques for virus detection 
and elimination. 

The wide applicability of CIP's virus detection methods is in
dicated by many requests for training personnel working with 
other crops. Requests for training in viroid detection techniques 
have also been received from developed countries. An advanced 
method for viroid detection, using genetic engineering techniques, 
was deve!oped jointly by CIP and USDA. European countries, 
Canada, and the U.S. have requested antisera samples from CIP 
for use in quarantine services for several viruses. 

Safe, Effective Pest Control 
Pest damage in field and storage is a major source of crop loss in 

the developing world. Pesticides are a costly input and overuse con
taminates the environment. 

Development of resistant varieties and management techniques 
that improve control while reducing pesticide use are emphasized 
by CIP. Regional research, consultants, and national potato pro
grams form a network of information exchange for pest identifica
tion, control, and for establishing research priorities. 

Insect Control 
Potato tuber moth currently receives major attention from CIP 

because of its heavy damage worldwide in field and in storage. 

Although barely 5 years old, CIP research on potato insects, par
ticularly potato tuber moth, has established creditability in building 
an effective pest management program. A total of 22 primitive and 
21 wild resistant potato accessions has been selected after screen
ing thousands of clones in CIP's World Potato Collection and from 
a U.S. university. They are now used in resistance breeding to pre
vent both tuber damage and successful pupation of the pest. 
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As part of an integrated control program, CIP developed a sim
ple laboratory procedure to impregnate small rubber caps with sex

pheromones (attractants), which are used in trapping male tuber
moths. These are now being evaluated in at least 23 developing

countries.
 

In collaboration with Peru's national potato program and the

Peruvian National Agrarian University, CIP has also identified
 
two potential potato tuber moth parasites which offer promise for
biological control of this insect. 

Biological Control of Nematodes 
Dependable biological control is a long-sought goal to help reduce
 

danger of using toxic nematicides.
 

CIP scientists discovered a fungus, Paecilomyccs lilacinus, infec
ting eggs of the root-knot nematode, Meloidogyne incognita, in a
 
potato field in the highlands of Peru. Early studies showed the

potential of the fungus as a consistent and efficient biological con
trol agent of root-knot nematodes, a cosmopolitan pest of many im
portant food and fiber crops.
 

CIP collaborates with the International Meloidogyne Project

(IMP) which includes more than 100 workers in nematology in 70

countries. IMP helped distribute Paecilomyces lilacivus to

nematologists in 46 countries for evaluation: 21 countries in Latin

and North America, 8 in Africa, 12 in Asia, and 5 in Europe. So far,

six countries reporting from Asia, Central and South America have
 
all indicated the fungus is effective.
 

Tissue Culture and Rapid Multiplication 
Tissue Culture. CIP is the first institution to use tissue culture


methods on a large scale for potato crop development. Tissue

culture has developed into a unit responsible for basic and applied

research plus training tissue culture specialists from national
 
potato programs. In addition to these responsibilities, the unit is in

charge of the disease-free maintenance and distribution of in vitro
 
(in glass) potato germplasm.
 

"Meristem tip culture" is now routine at CIP to free valuable
genetic material from viruses. This service is available for CIP
materials as well as those sent by national programs to be "cleaned 
up." The rapid, in vitro propagation of clonal material is another 
area wher tissue culture techniques have become routine. 

Potato germplasm stored in vitro is a source of pathogen-free
material for propagation; and, if properly handled, will remain free
from contamination by microorganisms. CIP scientists, in col
laboration with other investigators, have developed methods to
prolong the intervals between in vitro transfers, thus permitting
storage for 16 to 24 months without transfer and changing the 
growing medium. 

CIP has transferred about 250 clones to in vitro conditions. 
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These varietieshave neither indicatedsymptoms 
of breakdown of resistance over about 10 suc

( 	 cessive multiplications nor have the cultivators 
reporteddecline in yields over the 2years of thcir 
multiplication. 

- Director of Agriculture, Sri Lanka. 

These clones are in demand by many national potato programs and 
meet the strictest quarantine standards worldwide. 

Through training, at least 16 national programs now use tissue 
culture techniques and are able to receive in vitro materials from 
abroad. CIP is the major, but not the only, source of training and of 
in vitro potato germplasm for developing countries. 

Rapid Multiplication. Single node and sprout cuttings, stem 
cuttings and leaf bud cuttings have been developed over the years 
for use in screening germplasm, disease elimination, and seed pro
grams. These rapid multiplication techniques, which have been 
simplified for use in developing countries to accelerate the 
multiplication of their seed, are being used routinely by over 20 na
tional seed programs. 

True Potato Seed 
Research on true potato seed (TPS) which started at CIP in 1977 

has increased both at headquarters in Peru and with cooperating 
institutions. Use of true potato seed by developing-country farmers 
has several advantages: 

" reduces cost of planting material,
 
" minimizes spread of tuber-transmitted diseases,
 
" releases for human consumption the large volume of potatoes
 

previously used for seed, 
" reduces transport costs, 
" simplifies seed storage and makes high-quality planting 

material available at optimal planting times. 
Because of these advantages, farmers, scientists, and policy 

makers in many developing countries are eager to put true potato 
seed to practical use. Use of true potato seed began in parts of 
China in 1972 as a source of planting material in a basic seed 
system. After the first generation, conventional tuber multiplica
tion is used. 

In the last 5 years, 36 developing country programs have begun 
true potato seed research in collaboration with CIP. In seven of 
these, true potato seed is now being evaluated in on-farm trials, 
and in four countries - Sri Lanka, Western Samoa, the Philip
pines, and Rwanda - farmer use of TPS has begun. 

Post-Harvest Technology 
Traditional farm storage of seed tubers usually causes problems 



True potato seed (TPS) is 
at lower left (below): 

a seed tuber at upper right. 

of sprouting, storage losses, and poor tulber vigor and field perfbr)
male. 

Within 3 years of e. perinent station and on-farn) trials, the ef
fectiveness of natural diffused light 
was (lemonstrated in reducing
sprout elongation, increasing sl)rou t uImber, reducing total 
storage losses, and increasing total yielMds b(ecause of imprioved seed
vigor. Tile average yield increase from use of natural diffused light
in storage was found to be approximately 20% in trials both on the 
experiment station and on farms. 

Illustrative Studies 
Instead of attempting ti qtantity the production impact of' CIP

generated technologies at the farm level, we have chosen another
method: det)ict collablorative effirts with seven brief studies il
lustrating how CIP and national programs wNork together to solve
prolblems of potato pt)roduction and use. They tell how various types
of benefits have )een generated, ranging fr-om training and institu
tion building, to development of an effective model for inter

-7I
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disciplinary problem solving, to yield increases and intensification 
of cropping systems. 

The seven cases: 

1. Relations with the host country: Peru. Illustrates the 
reciprocal nature of CIP's relationship with its host country and 
the resulting mutual benefits. 

2. Farmer-Back-to-Farmer Model. Describes how inter
disciplinary research led to a model and guiding principles for 
problem-solving teamwork. 

3. Learning from a Developing Country: Tissue culture and 
rapid multiplication in Vietnam. Shows how CIP and national 
programs can learn from the experiences of innovative researchers 
and farmers in a developing country. 

4. A small, effective seed multiplication program: Tunisia. 
Demonstrates how a seed multiplication scheme can be quickly in
stitutionalized and generate substantial economic benefits. 

5. Building an effective country program: Rwanda. The case of 
PNAP in Rwanda illustrates how a simple, yet effective potato pro
gram, with breeding, seed multiplication, on-farm research, and 
training, can be established in a short time. 

6. Changing a post-harvest system: Diffused light potato 
stores in Sri Lanka. Documents how collaboration of an interna
tional agricultural research center, a national research program, 
and the extension service has led to rapid improvement in seed 
potato storage practices which are having far-reaching effects on 
cropping patterns. 

7. PRECODEPA: A collaIorative research network. 
Describes the establishment, organization, research ac
complishments, and farm-level and institutional benefits of this 
pioneering country network in Central America and the Caribbean. 
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PART 2 

Potatoes in the Developing World 
The potato, one of mankind's most valuable foods, is produced in
 

130 countries where three-fourths of the world's population live. In
 
volume of production (290 million tons annually), potatoes rank
 
fourth in the world after wheat, maize, and rice. As a crop in the
 
developing world potatoes also rank fourth in dollar value (Table 1).

Among major foodcrops, potatoes currently have the highest rate
 
of production growth in mcA-t developing countries (Figure 1).
 

Potato tubers contain high quality protein and substantial
 
amounts of essential vitamins, minerals, and trace elements. The
 
potato provides more nutritious food from less land in less time 
and often under more adverse conditions - than other crops such
 
as wheat, maize or rice.
 

The first part of this publication tells of the potato's nutritional
 
value, global distribution, trends in production and use, as well as
 
special features of growing potato in developing areas.
 

Production and Use 
Statistical data and specialized reports on major cereals and 

other cash crops, such as soybeans, sugar, and coffee, are more 

Table 1. Production and economic value of 10 leading food crops

in all developing countries.
 

Crops Production Area Yield Value
 
(million t) (million ha) (t/ha) (billion US$)
 

Rice 382.6 1:19.5 2.7 65.0
 
Wheat 162.4 112.1 1.1 24.0
 
Maize 153.9 78.3 2.0 18.3
 
Potatoes 91.1 8.7 10.5 12.9
 
Sweet Potatoes 137.0 9.3 14.7 12.2
 
Cassava 127.4 1.I.,1 8.9 8.9
 
Bananas + Plantains 61.9 no data no data 6.6
 
Sorghum 43.7 .10.1 1.1 5.4
 
Groundnuts 16.9 18.0 0.9 5.0
 
Millet 26.9 10.2 0.7 
 3.9 

Sources: Estimates of 1981 Chinese production of cassava, potatoes, aod sweet 
potatoes are from Stone, B. Notes on interpreting PRC root and tuber crop data,
The China Quarterly (forthcoming). All other production estimates are 1980/82 
averages derived from FAO. Farm-level prices for 1977 are from FAO. 
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... potato scientistsarenot given prominenceas 
for those working in rice... a situation that 

,6 must improve if more young scientists are to 
engage in potato researchand production. 

- V. Yogaratnam, Sri Lanka. 

complete than those on root crops and vegetables. This is largely 
because agencies publishing data on world crop production and use 
concentrate on commodities traded internationally, virtually 
neglecting those produced and consumed l'-cally, such as potatoes. 

Potatoes appear in routine tables of the FAO Production Year
book and a few other statistical publiations, but specialized reports 
on nutritional aspects of the potato, production systems, consump
tion patterns, and trade are lacking. 

The International Potato Center (CIP) in 1975 began assembling 
and analyzing statistics to compile information on potato produc
tion and use, especially in developing areas. Extensive literature 
reviews and research on potato consumption and nutrition, produc-

Figure 1. Percent increase in production of selected food crops 
and population in all developing countries, 1961/65 (average) to 
1981. 

0 20 40 60 80 100 120 140 

Potatoes 147J 

Wheat 127 

Sorghum 108 

Maize 106 

Bananas Iii 76 l 

Rice 661 

Cassava 66 

Beans, dry 48 1 

Sweet potatoes I 

Lentils 16 54.4 

Population 

Source: FAO data for all crops and countries except potatoes, sweet potatoes, and 
cassava in China. Stone, B. Notes on interpreting PRC root and crop tuber crop 
data, The China Quarterly (forthcoming) for potatoes, sweet potatoes, and cassava 
in China. 
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tion systems, and marketing resulted in much of the information 

presented in this publication. 

Nutritional Value 
The potato contains high quality protein and Substantial amounts 

of essential vitamins, minerals, and trace elements. 
Raw cereals and beans yield substantvdl'ly more energy than 

potatoes, but the difference is much less if comparisons are made 
on a cooked basis. 

Protein conte'nt of potato is equal to yam and is almost twice that
of sweet potato and cassava. Moreover, on a cooked basis, the 
potato compares with other major staples, such as boiled rice and 
cereals cooked as porridges. 

The average amount of potato protein require(l for maintenance 
of nitrogen balance in adults is similar to the amount in an egg, and
is less than that required by many other foods including beef, tuna 
fish, wheat flour, soybean, rice, corn, and beans. If a whole egg has 
a protein score of 100, potatoes have a score of 70. This compare.;
with 75 for sweet potatoes and rice and scores of 40 to 60 for 
wheat, maize, beans, and peas. 

Peruvian studies also show that infants md small children can 
consume up to 80% of their nitrogen requirements as potato. The
quality of potato dietary nitrogen for feeding humans is high. Even 
a small quantity (100 grams) of boiled potato supplies up to 13% of
the FAO/WHO recommnnded daily allowanc* of' protein for 
children and up to 7% of the adult allowance. 

The potato has a well-balanced proteln-to-calorie ratio. If you eat
enough potato to supply a significant amount of energy, a signifi
cant quantity of protein will also be provided. 
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The advances in recent years are direct evidence 
that Indonesiahas been ii an excellent position to 

( dernonstratethe impact of the CIP program on 
our potato prodaction. 

- Sadikin Sw., Indonesia. 

For feeding children, Llky staples such as roots, tubers, and 
cereals need an addition of energy-dense and protein-rich sup
plements. Potato requires less of these expens;ve additional sup
plements than other roots and tubers and a)out the same amount 
necessary for adding to cereals. 

Potatoes are a good source of ascorbic acid (vitamin C) and some 
B vitamins, especially thiamin, niacin, and vitamin B,;. Consumed 
as a staple on a regular basis, potatoes provide more vitamin C 
than citrus fruits, which tend to be eaten less frequently. Among
staples, potato is perhaps the richest source of total niacin. 

Minerals and trace elements in the potato provide a moderate 
source of iron, a good source of phosphorus and magnesium, and a 
rich source of potassium. Its low sodium content is useful in salt
free diets. 

Distribution, Trends in Production, Use 
Until recently, most world potato production was concentrated 

in Europe. Many people continue to view the potato as a northern
latitude crop important only in the industrial countries. In fact, the 
potato has rapidly migrated into tropical and sub-tropical areas 
where it is now grown extensively (Table 2). 

In developing regions over the last two decades potato produc
tion has increased sharply - the rate being nearly twice that of 
total food production and substantially higher than that of most 
other major food crops (Figure 2). Potato production has increased 
most rapidly in the Far Eastern countries such as China, India, and 
Indonesia. Asia now accounts for 84% of the 91 million tons of 
potatoes produced in developing countries. The five largest pro
ducers are China (56 million tons), India (9 million tons), Turkey (3
million tons), Brazil (2 million tons), and Colombia (2 million tons). 

Developing countries are expanding potato production for 
several reasons. One is that a potato crop produces more edible 
energy and protein per hectare and per unit of time than practical
ly any other crop (Table 3). This is particulaly important for small 
subsistence farmers who can fit the potato into their multiple crop
ping systems. Other reasons include strong consumer demand for 
potatoes and the high profitability of commercial crops. Rapid
technological progress with potatoes in developing countries 
reviewed below is now stimulating expansion of production in non
traditional environments. 

Developing country peopic consume 70% to 75% of annual potato 
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Table 2. Potato production, harvested area, and yield 1980/82
 
and percent change 1961/65-1980/82: World.
 

Average % Change 
1980/82 1961/65-1980/82 

Area Product. Yield 
(000 ha) (000 t) (t/ha) Area Product. Yield 

WORLD 22,007 287,793 13.9 -5 4 10 
Developed Market 

Economies 2,954 71,210 24.1 -41 -22 
 31
 
Nort, \merica 605 17,627 29.1 -10 22 35
 
Western Europe 2,111 48,052 22.8 -47 -34 : 5
 
Oceania 43 1,003 25.4 -16 36 64
 
Other 195 1,438 22.8 -26 4 41
 

Devet'oping Market
 
Economies 2,918 32,492 11.1 39 103 46
 
Africa 423 3,008 7.1 112 121 4
 
Latin Amerca 1,066 11,222 10.5 2 49 46
 
Near East 429 6,238 14.5 71 127 32
 
Far East 999 12,015 12.0 68 177 65
 
Other 1 8 7.6 217 187 
 -9 

Centrally Planned
 
Economies 16,135 184,091 11.4 0 9 9
 
Asian CPE 5,855 58,101 9.9 108 177 34
 
Eastern Europe
 

and USSR 10,280 125,990 12.3 -23 -15 10
 
All Developed
 
Countries 13,234 197,200 14.9 -28 -18 
 14 

All Developing
 
Countries 8,773 90,593 10.3 79 145 37
 

Sources: FAO data for all countries except China. Stone, B. Notes on interpreting 
PRC root anid tuber crop data, The China Quarterly (forthcoming) for China. 

Figure 2. Trends in potato production and total food production 
in all developing countries. 

Index 1961/65 average - 100.
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Potatoes 
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Source: FAO data for all crops and countries except potatoes in China. Stone, B. 
Notes on interpreting PRC root and tuber crop data, The China Qu,,rcrly 
(forthcoming) for potatoes in China. 
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Actually, [collaboration with CIP] peritsus to 
enter into the world network of investigationbe-,, 
ing done in potatoes. 

- Eduardo Ortega, Venezuela. 

18 

Table 3. Top food crops of developing market economies in 
megajoules of edible energy and kilograms of protein per hec
tare per day. 

Energy production Protein production 

Crop MJ Crop Kg 

Potatoes 216 Cabbages 2.0 
Yams 182 Dry broad beans 1.6 
Carrots 162 Potatoes 1.4 
Maize 159 Dry peas 1.4 
Cabbages 156 Eggplants 1.4 

Sweet potatoes 152 Wheat 1.3 
Rice 151 Lentils 1.3 
W'ieat 135 Tomatoes 1.2 

Cassava 121 Chickpeas 1.1 
Eggplants 120 Carrots 1.0 

Source: Horton, D., and Fano, H. "Potato Atlas," International Potato Center, 
Lima (in press). 

production in their countries, percentage figures that are con
siderably higher than for developed countries or central economy 
countries (Figure 3). An additional point to note in this figure is the 
waste category. Developing countries waste an estimated 12% of 
potato production. This is due largely to poor storage and distribu
tion systems. National potato programs collaborating with CIP 
have recorded remarkable progress in farm storage of seed 
potatoes. Methods for improving storage of consumer potatoes are 
also being sought by CIP and several developing countries. 

Annual per capita consumption differs widely among regions. 
Estimated annual human consumption: 

Eastern Europe and USSR ........................... 94 kilograms.
 
Western Europe, North America, and Oceania ........... 65 kilograms.
 
Latin America ...................................... 23 kilograms.
 
Other Developing Areas .............................. 16 kilograms.
 

Put in a graphic form, anrual consumption patterns appear as in 
Figure 4. The substantial gap between present consumption levels 
in the developed countries (65-95 kilograms) and developing coun
tries (15-25 kilograms) reflects the potential for future expansion of 
potato consumption iii developing areas of the world where 
millions of hungry people reside. 
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In contrast to Europe and North America, in most developing 
areas potatoes are expensive relative to other foods. This is mainly
because of high production and marketing costs. In response tohigh prices, many households limit their potato consumption to
special, festive occasions. In many developing areas consumption 

Figure 3. Use of potatoes in developing and developed market
economies and centrally planned economies. 

Developing 

Developed 

Centrally Planned 

JFood 72% 
D Feed 2% 

D Seed 14% 

SMfg. 0%/ 

Waste 12% 

D-1 Food 61% 

D Feed 14%/


W Seed 9%b
 

Mfg. 9% 

p Waste 7% 

Food 30% 

380/lFeed 

Seed 16%/
 

SMfg. 7%/
 

Waste 9% 

Source: FAO 
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Figure 4. Per capita consumption of potati (kilogram/year). 
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Source: FAO data and Stone, B. Notes on interpreting PRC root and tuber crops 
data, The China Quatoferl (forthcoming). 

levels are highest among well-to-do urban groups and rural potato 
producers. Many poor urban and rural households not producing 
potatoes can seldom afford them. 

The potato, which generally plays the dietary role of a staple food 
in most developed countries, is consumed as a vegetable in most 
developing countries. 

Consumers in developing countries respond quickly to changing 
potato prices. Hence, if potato prices can be reduced the potato can 
be expected to play an even greater role in third world diets. 

Technology Needs of Developing Areas 
It is often assumed that farmers in developing countries could 

significantly improve their yields and incomes by adopting modern 
technologies available in the developed countries. This assumption, 
the cornerstone of most technical assistance in the 1950s and 
1960s, continues to influence much development thinking today. 
The resulting extension-oriented programs often fail because the 
physical environment (soils, climate, pests and diseases) and the 
socioeconomic environment (land tenure, market prices, credit, 
capacity of research and extension agencies) in which agricultural 
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activities take place in most developing areas - and hence their
 
technology needs  differ markedly from those in developed coun
tries. For this reason, rapid and sustained production im
provements in developing areas require an understanding of local

conditions and development of technologies which are tailored to
 
them.
 

Collaborative studies organized by developing country scientists

and CIP staff have provided the necessary information to identify

the major technology needs of potato producers in developing 

areas.
 

Potato Growing in Developing Areas 
Production Systems. Small highland farmers in the potato's


traditional mountain-side environment generally cultivate 1 to 
2
hectares of this crop on several distinct parcels of land. The crop is
typically rainfed and subject to hazards, including drought, ex
cessive rain, frost, and hail, depending upon the location and
 
season. Highland farmers generally retain a substantial part of
 
their harvest as seed for the next season. 

Where potatoes are a relatively inexpensive food (the Andes,

Central Africa, and the Himalayas) most farmers store a large

share of production for home consumption. Where potatoes are

relatively expensive (Central America and South East Asia)

farme:'s usually consume less of their own 
 potatoes, sell the
 
harvest, and purchase other, cheaper foods.
 

In recent years potato production in developing countries has
spread gradually out of its traditional, mountainous environment 
into warmer, generally drier, areas. Introduction of new varieties 
and improvements in seed systems, storage, and pest control are
speeding the movement of the potato crop into such non-traditional 
cultivation areas as Peru's coastal valleys; the plains of India,
Bangladesh, and Pakistan; and the irrigated oases of North Africa. 

Potatoes have become a commercially attractive winter crop in 
many irrigated, arid areas. But harvesting in these areas at the
beginning of summer results in storage and marketing problems
for this perishable crop. 

Expansion of potato production into relatively warm, humid 
zones brings more pest and disease problems than in traditional 

TAC particularlyconomends CIP's achieemnents in terms oJ'out
put and inhlueince on institutionbuilding, throtigh its iniaginatie

interaction with nat(ioin! progr mines. Another aispect oJ the Centre's operation. . . is the flexibility rind os- /'O/ictivenessOfisuse
 
0o contrricts, Juitid 
specialized reseurch reqiuiremnents. TA,- considers that soine
 
aspects (f CIP'soperationalstrate ! ijht wiell he adopted to other
 
parts ojfthe system.
 

o froloe reson rvs to /fll many of its 9 

- Guy Camus, Technical Advisory Committee report, CGIAR. 
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[the most relevant, most successful thing] that 
CIP has done in Venezuela is supply valuable 
materialsthat have permittedus to approcchthe 

6 6 future by producing our own varieties, and 
reducing our dependence on costly importations 
of potato seed. 

- Eduardo Ortega, Venezuela. 

areas of production. For this reason, farmers are eager to obtain 
varieties resistant or tolerant to pests and diseases. Potato produc
tion in warm, humid areas is generally on a small scale, forming 
part of complex multiple cropping systems. Low-input, low
yielding slash-and-burn systems are found where land is abundant. 
Intensive horticulture systems employing high levels of fertilizers 
and pesticides are more common where land is scarce. 

In i-nost areas, average returns to commercial potato growers are 
high, but returns are highly variable. For this reason, few farmers 
specialize in potato production, and those who do tend to be large, 
and financially well-off. Most developing country farmers who 
grow potatoes are diversified and plant a small proportion of their 
land to potatoes with a dual purpose: home consumption and 
market sale. 

Costs and Inputs. Current potato production technology is cost
ly in most developing areas. Studies in numerous developing coun
tries indicate that variable production costs for potatoes are 
generally more than US $1,000 per hectare. 

The potato crop's single most costly production input in most 
developing areas is planting material - seed tubers. In South 
America and tropical Africa, seed tubers generally account for 
about 30% of the total variable cost of production; in Asia an(' Cen
tral America they account for 40% to 50% of the total. Even where 
growers do not purchase seed but retain it from the previous 
harvest, seed has a high "cost," since potatoes could have been 
eaten or sold if it had not been necessary to plant them. 

Other important production costs for potatoes are labor, fer
tilizers, and pesticides. Where these inputs are beyond the reach of 
farmers, actual farm yields are generally a fraction of potential 
yields. 

Priority Areas for Technological Improvement 
Future production and use of potatoes will be strongly influenced 

by potato prices, which reflect production and marketing costs. Ap
plied research is needed to reduce production and marketing costs 
on a per-kilogram basis to make potatoes more profitable for 
farmers and more attractive to consumers with limited household 
budgets. 

Based on physical and socioeconomic environments in which 
potatoes are produced and used as well as technologies currently 
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Seed stocks locally produced will be availablein
the rightphysiologicalconditionat plantingtime 
and at much cheaperrate than the importedseed. 

- Kazi Badruddoza, Bangladesh. 

employed in developing countries, national decision makers and

scientists emphasize four key areas for technological improvement:
 

" varieties,

" seed systems, 
" pest control, 
" post-harvest technology. 
In each of these areas production problems in developing coun

tries differ markedly from those in developed countries.
 
New Varieties. A highly effective way to redLce unit costs of 

potato production is to obtain new varieties through plant
breeding. These varieties must: 

" yield more than current varieties with the same inputs.
" be adapted to tropical and subtropical conditions,
" have some degree of resistance to major pests and diseases,
" be acceptable to consumers 
Seed Systems. Seed tubers available to most developing-country


farmers are costly and poor in quality. Improvements are needed in

seed systems 
-- both in use of tuber seed and in true potato seed
 
(TPS) to increase yields and reduce unit production costs.
 

New Approaches to Pest Control. Use of pheromones (attrac
tants) and biological control techniques help improve the quantity
and quality of output with presently used varieties and at reduced 
costs. Better pest control helps raise and stabilize yields in tradi
tional areas and facilitates introduction of potatoes into non
traditional, warm environments. 

Appropriate Post-Harvest Technology. Post-harvest losses
reduce food supplies to consumers, reduce the quality of seed
tubers and yields of subsequent crops, and inflate potato prices.
Most northern hemisphere potato storage and processing
technologies are of little use in developing countries because of dif
ferences in climate, scale of operation, availability and relative
prices of labor, materials, and energy. Farmers and market agents
quickly adopt post-harvest techniques which are more appropriate
for their conditions. 

Priority Area for Socioeconomic Research. Rapid progress in 
crop improvement requires not only technical but socioeconomic
research. This is particularly true for potatoes because of the com
plexity and scarcity of information on potato growing, marketing,
and use in developing countries. Improving the quality of seed 
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available to small farmers, for example, requires improved virus 
elimination techniques as well as new institutional models for seed 
programs. Most seed programs established with external funding 
in developing countries have failed. This is because they used the 
wrong technology rather than poor technology - it was inap
propriate for solving local problems within the existing institu
tional setup (which differed from those "back home" in Europe or 
the United States). 

Given the extremely small amount of literature on potatoes in the 
developing world, socioeconomic research is needed to understand 
where, how, and why potatoes are grown, marketed, and consum
ed. Information is also needed on trends in potato production and 
use, the major problems confronted by farmers, and the process of 
technological change. 

Social scientists can also contribute significantly on inter
disciplinary teams working to solve specific technological pro
blems, such as those identified in the preceding section. A model 
for interdisciplinary teamwork, involving biologists, social scien
tists, and farmers - known as "Farmer-Back-to-Farmer" - is 
briefly described in the next chapter and discussed at greater 
length in an illustrated study. 
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Findings of survys uader atuspices of (IP
scientists in potato In(urketiurJ a, consump
lion.., (i're seovi,,ij (is ee-oteners'.for /alun' 
d(elopment work on potatoes. 

-- Pema WangchhuX , Bhutan. 

Below, interviewing in Peru. 
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Potato production 
area near Baguio, 
Philippines. 
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PART 3 

The International Potato Center
 
CIP within the CGIAR
 

The CGIAR 
The International Potato Center, known in Spanish as Centro In

ternacional de la Papa (CIP), is one of 13 International Agricultural
Research Centers (IARC) sponsored by the Consultative Group on 
International Agricultural Research (CGIAR). 

The CGIAR goal is to improve agricultural technology, increase 
food production, and better the welfare of poor people in develop
ing countries. The system of internationally funded agricultural
research centers originated with a joint crop-improvement pro
gram undertaken by the Rockefeller Foundation and the Mexican 
government in 1941, and the International Rice Research Institute 
(IRRI) established by the Ford and Rockefeller Foundations and 
the government of the Philippines in 1959. 

By the late 1960s, it was apparent the system must expand to
 
cover other food crops, farming systems, and agroclimatic zones of
 
the deviloping world. It was also evident that the Rockefeller and
 
Ford Foundations would be unable to carry the financial burden of 
an expanded system. 

The CGIAR was established in 1971 under the joint sponsorship
of the World Bank, the United Nations Development Programme
(UNDP), and the UN's Food and Agriculture Organization (FAO).
The CGIAR is an informal association of governments, interna
tional and regional organizations, and private foundations. The 
World Bank provides the CGIAR chairman and secretariat; the
FAO provides a separate secretariat for the group's Technical Ad
visory Committee (TAC). The TAC, consisting of agricultural and 
social scientists, regularly reviews scientific and technical aspects
of each center's programs and advises the Consultative Group on 
research needs, opportunities, and priorities. The CGJAR meets 
once or twice yearly to consider program and budget proposals and 
policy issues. Decisions are reached by consensus. 

Donations are on a voluntary, blateral basis between individual 
members and the centers. While the CGIAR is active in coor
dinating and stimulating financial support for the system, it does 
not grant funds. 
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The 13 research centers in the CGIAR system employ nearly 600 
senior scientists and have an annual budget of approximately 
US$180 million. Programs of 10 commodity-oriented centers cover 
a range of crops, livestock and farming systems that provide three
fourths of the developing world's total food 3upply. The remaining 
three centers are concerned with problems of food policy, national 
agriculturai research, and plant genetic resources. 

Consultative Group on International Agricultural Research 

FPR I 
ISA 

IBG 

CIMMYT 

CIATWARDA 

CIP 

/ILRAD 

1T 

CGIAR-Supported Centers 
Centro Internacional de Agricultura 
Tropical (CIAT) 

Cali, Colombia 
Centro Internaci(((l de la Papa (CIP) 

Lima, Peru 

Centro Internacional (I 
Mejorarniento de Maiz y Trigo 
(c ImmY'r)(CIMxico 6InternationalMexico 6, l).F., Mexico 

International Board for Plant 
Genetic Resources (lB PG R) 

Rome, Italy 

International Center for Agricultural 
Research in the Dry Areas (ICARI)A) 

Beirut, Lebanon 

International Crops Research 
Institute for the Semi-Arid 
Tropics (ICRISAT) 

Andhra Pradesh, India 

International Food Policy Research
Institute (IFPRI) 

Washington, D.C., U.S.A. 

International Institute of Tropical 
Agriculture (i[HA) 

Ihadan, Nigeria 
International Laboratory for 
Research on Animal Diseases 
(ILRA) 

Nairobi, Kenya 
Nioi eyLivestock Centre forfic ILA 

Africa (ILCA) 
Addis Ababa, Ethiopia 

Internatioral Rice Research 
Institute (IRRI) 

Manila, Philippines 
International Service for National 
Agricultural Research (ISNAR) 

The Hague, The Netherlands 
West Africa Rice )evelopment 
Association (WARDA) 

Monrovia, Liberia 
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CIP is seen as a permanent sourcefor consulta
6tion. 
 99 

- Carlos Crisci and Francisco Vilaro, Uruguay. 

The International Agricultural Research Center model is based
 
on five basic principles:
 

(1) Increased food production and welfare betterment in develop
ing countries require research, not merely "transfer of
 
technology" directiy from industrialized nations.
 

(2) 	Centers search for generalized solutions to agricultural pro
duction problems, not just location-specific solutions for a cer
tain region or country within it.
 

(3) 	Centers are based in developing countries, but are indepen
dent, autonomous, and internatioral in character, responsible
 
to Boards of Trustees consisting of leading agricultural scien
tists and policy makers selected on a worldwide basis.
 

(4) 	Long-term fur~ding permit . stability of employment and pur
suit of long-range research goals with minimal staffing and
 
funding constraints and political pressures.
 

(5) 	Maintaining the practical mandate of the CGIAR, centers cut 
across traditional academic lines to form multi-disciplinary,
 
problem-oriented research teams.
 

CIP Mandate 
CIP's agreement with the host Peruvian Government is for 

research on root and tuber crops. As a member of the CGIAR 
system of centers, however, CIP is funded only for research on 
potatoes. CIP is a single-crop institute focusing on expanded use of 
the tuber-bearing species of Solanurn in the developing world. 

The base for CIP was established in the late 1960s with a potato 
program in Peru funded by USAID and run jointly by the Govern
ment of Peru and North Carolina State University. CIP was for
mally established in 1971 through agreement with the government
of Peru. First funding was in 1972 when financing of CGIAR
sponsored Centers commenced. A joint Mexican Government-
Rockefeller Foundation international potato program concen
trating on late blight and associated with Centro Internacional de 
Mejoramiento de Maiz y Trigo (CIMMYT) became part of CIP in 
1974. 
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CIP collaborates with research and development agencies
throughout the world to achieve two basic objectives: 

" Increase the potato's yielding ability, stability and efficiency of 
production in developing areas where it is now grown, and,

" Improve the potato's adaptability to grow more extensively
and efficiently in cold, high regions, as well as in warm, low 
trcpical regions. 

CIP's program has as a focal point the exploitation of genetic 
resources still available in the potato's center of origin, and to use 
them for potato improvement worldwide. 

CIP Program and Budget 
Headquarters Research 

CIP research develops technologies to solve major problems of 
potato production in developing countries. Results are further 
evaluated under a range of developing country conditions in col
laboration with national research institutions. This enables both 
CIP and national program scientists to quickly determine if the 
technology is applicable to growing conditions in specific regions. 

Research at CIP headquarters is organized into 7 Departments,
10 Thrusts, and 69 Projects. For administrative purposes, CIP 
scientists are assigned to Departments according to their 
discipline. The Departments of Taxonomy, Breeding and Genetics,
Pathology, Entomology and Nematology, and Physiology are head
ed by a senior scientist responsible to the Director of Research. The 
Social Science and Training and Communications Departments are 
within the Regional Research and Training Program. 

Research Thrusts No. of 

Projects 
I Maintenance and Utilization of Unexploited 

Genetic Resources 7 
II Production and Distribution of Advanced 

Breeding Material 10 
III Research on Bacterial and Fungal Diseases 6 
IV Potato Virus Research 8 
V Integrated Pcst Management 9 
VI Warm Climate Potato Production 6 
VII Cool Climate Potato Production 4 
VIII Postharvest Technology 4 
IX Seed Research 10 
X Potatoes in Developing Country Food Systems 5 

Total number of research projects 69 

Maximum interaction of teams of experts in various scientific 
disciplines is gained by grouping research projects into specific 
areas of research concentration (thrusts). Each thrust has a coor



ExternalProgramReview. CIP was describeda.a tightly
run, cost-effective center of scientijic excellence, with a
 
dynamic and effective researchprogram a nd a complex of
 
linkages with developing and developed countries. CIP'sin
novative regionalprogramswere pra.ised,ais were its use of 
core-funded research contracts with potato scientists in

6 developingand developed countrips, and its use ojfplanning
conferences to refine and adjust its programs.CIP'sdecen
tralized approachwas seen to be a major strength, as was 31 
its emphasis on utilization oJ the world potato germplasm
collection. CIP was praisedfor its good management, in
novations in research plan~ling, relations with national 
programs, cost effectiveness, and zero growth policy. 

- Guy Camus, Technical Advisory Committee report, CGIAR. 

dinator responsible for projects in that particular area of research
 
concentration.
 

CIP scientists may work simultaneously on several projects

within different thrusts as a leader or as a cooperator to provide

essential interdisciplinary input. Project leaders are responsible for 
direction of a project and for annual progress reports. Funding for 
a project is an administrative activity managed by the project
leader's department. 

Before a project begins at CIP, several factors are considered.
 
Advantage is taken of the built-in, two-way communication be
tween national programs and Lima headquarters through regional

offices to determine specific problems. Also considered is ac
cumulated documentation on the problem and whether CIP has the
 
expertise and facilities to do the- necessary research and the
 
amount of work expected from the scientists who would be involv
ed.
 

A research project develops cooperatively through discussions in
volving a thrust coordinator, a department head, and scientists.
 
The end result is a formal research Project Outline, which is sub
mitted to the Director of Research for authorization. In the
 
development of a project, a department head may sometimes have 
a dual role: to provide expert advice, and to administer project
funding if he is head of the project leader's department. 

This organization plan permits flexibility for changes in priorities
without major shifts in staffing. Additional commodities - sweet 
potatoes, for example - or thrusts could be added without a major
increase in funding for staff and facilities. Departments would re
main the same. 

Regional Programs 
Regional research is guided by priorities developed through

headquarters and regional scientists and their national counter
parts. A workplan, developed at the annual internal review during
detailed discussions with regional staff, is followed closely during 
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The governmclt Of I wanda suggesls theIt other 
cornmmodity ) P'og mmeslo the ,samet' i in ingf 
straifegy (is the CIP/PNAP Icaim uses for techni
ciauns <and~fili-Iers. 

- M. Ilicamumpaka. Rwanda. 

Farmers attending training session (below). Africa. 

the subse'quent year. Reporting follows the same program lines as 
in headquarters research and results are compiled in Progress 
Reports. lriority areas for regional research are currently: 
regional germplasm evaluation, adaptation of potato to tropical 
conditions, strengtheiing national seed systems, developing 
technology for potato production from true seed, improving post
harvest technology, and agronomic management. 

The Regional Research and Training Program works directly 
with national scientists to con(uct production-oriented research 
and exploit techno'ogy available from CIP and elsewhere. Host 
countries ard boundaries for CIP's seven regional programs shift 
occasionally in response to emerging national capabilities and 
political de-ielopments. Current regional organization is shown on 
the accompanying map. 

Regional staff members collaborating with national scientists are 
responsibie for identifying key production problems, testing and 
adaptive research, multiplication and distribution of genetic 
materials, training, and related activities that strengthen national 
potato research and extension programs. CIP has few physical 

Amt-i 

'A, 
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facilities at its regional stations and relies on a national institute or 
another center for office space and logistical support. 

Short-term consultants are not a substitute for permanent per
sonnel in regional programs. Effectiveness in a region depends on 
detailed knowledge of the individual countries, insights that can 
only be built up over time by regional scientists in the field. Short
term consultancies generally can be filled by headquarters scien
tists in routine travels. Consultants from Europe, North America, 
and Australia are sometimes used but local consultants are prefer
red. 

CIP concentrates research and training efforts of regional teams 
in priority countries according to the following criteria: 

" Capabilities of national potato program, human resources, 
research facilities, and transportation. 

" Importance of potato and potential for improvement. 
" Commitment of host government to improve potato production 

from national funds. 
" Existence of national expertise for cooperative research pro

jects related to priority research areas. 
" Location of CIP regional research staff. 

Socioeconomic Research 
CIP is unique among the International Agricultural Research 

Centers in the manner and extent to which it involves social scien
tists in its program. As members of interdisciplinary teams, 
anthropologists, economists, and sociologists make several con
tributions to research: 

* Through provision of data and insights on household decision 
making, farming systems and institutions, they help establish 
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reseatch priorities which are in keeping with the needs and 
resources of developing countries. 

" Through involvement in farm-level testing of potential new 
technologies, they help evaluate research progress and pin
point areas for needed adaptations to local conditions. 

" Through studies of farmer adoption, rejection, and adaptation 
of new practices, they contribute to the understanding of 
technological change and its consequences. 

Social scientists also conduct specialized studies on world pat
terns and trends in potato production and use; farming systems in 
which potatoes are, or may be, grown; marketing problems; and 
potato consumption and nutritional contributions to the human 
diet. 

Budget and Staffing 
CIP operates under the smallest budget of the CGIAR-sponsored 

commodity research centers with global mandates. Yet, employing 
strategies described later in this publication, CIP's contacts with 
country programs and the delivery system for research and train
ing are the most thorough of any Center's. From the initial plan
ning grant of $50,000 in 1970, CIP's operating budget has grown to 
approximately $10 million in 1984. 

The CGIAR system's 1984 total core operating budget (approx
imately $180 million) is smaller than the budget of some individual 
developing country agricultural research systems. This illustrates 
that International Agricultural Research Centers in general, and 
CIP in particular, constitute only a small, yet strategic, part of the 
global agricultural research system. 

Of CIP's total budget, approximately 60% is allocated to 
research at headquarters and contract research at other institu
tions and 40% to Regional Research and Training. 

A large portion of the budget has been for regional programs 
since CIP's inception. This has led to firsthand knowledge of 
developing country conditions and interaction with national pro
gram leaders to help CIP develop programs that respond directly 
to the priority needs of clients. Strengthening national programs 
and positive impacts on potato production and use began early in 
CIP's life - long before the first CIP crosses had resulted in new 
varieties used by farmers. Examples include assistance with plan
ning for national programs, training, distribution of germplasm 
originating in other breeding programs and dissemination of new 
techniques for seed multiplication, storage, and agronomic 
management. 

CIP employs a relatively small staff of biological and social scien
tists - currently 77 internationally-recruited staff members from 
11 developing and 10 developed countries. Fifty-four of these scien
tists are based at CIP headquarters and 23 at regional sites, work
ing in close collaboration with national programs. The research 
program is fortified by senior staff contribution through contracts 
and collaborative associations at a relatively low cost to CIP. 
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PART 4 

Collaborative Research and
 
Development Strategies
 

CIP's research and development philosophy is to involve as,,Iany
 
other institutions and scientists as possible in research, tra:ning,
 
and potato improvement while keeping its own program modest in
 
scope. Part 4 briefly overviews strategies CIP employes in pro
gram planning and review, interdisciplinary team research, institu
tional linkages, and training. How these strategies are used is il
lustrated by examples in tile latter part of the publication.
 

Program Planning and Review 
CIP uses a wide range of external resources and inputs from its 

many regular contacts to provide continuous, active planning and 
review of its programs. 

The Board of Trustees 
CIP's Board of Trustees, consisting of 10 internationally known 

scientists and research managers, has been innovative in several 
respects. To date, 30 individuals from 16 nations have served as 
board members - 14 from developing and 16 from developed coun
tries. The Board's 8-member Program Committee participates ac
tively in CIP's annual Internal Review. The Executive-Finance 
Committee developes the program and budget document prior to 
final approval by the full board. 

Individual trustees participate actively in CIP's research and 
training in areas related to their scientific discipline and research 
management experience - for example in planning conferences, 
workshops, and training activities. 

Over the years, the Program Committee's report, circulated to 
all CIP scientists, has provided comments, questions, and sugges
tions that have substantially influenced work priorities. Specific
"position papers" on key research areas are requested each year 
by the board and have stimulated re-thinking of research needs and 
strategies. A board request for an updated series of "country pro
files" on potato production and use resulted in 75 documents for 
use as information sources for shaping CIP's research and training 
priorities in relation to specific country situations and needs. 
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I would ike to see development of more and 
stronger linkage in the field of agricultural 

( ( economics and social science research between 
BARC and CIP. 

- Ekramul Ahsan, Bangladesh. 

CIP was the first center to elect a woman as chairperson of its 
Board of Trustees. This individual - a sociologist from the Philip
pines - has provided invaluable guidance for the social science pro
gram. 

Involvement of Social Scientists 
Social scientists are well integrated into CIP's research planning 

and review. 
When CIP was established, little was known about potato 

agriculture in developing countries. A team of social scientists 
anthropologists, economists, and sociologists - assembled and 
analyzed needed information on key topics including production 
trends, technologies employed, marketing, and consumption. This 
information, much of which has been published in bibliographies, 
statistical handbooks, journal articles, and book-length 
monographs, is intensively used by CIP management, the Board of 
Trustees, regional scientists, review teams, and national program 
leaders. 

Social science publications are distributed to a mailing list of 
nearly 700 idividuals and institutions from 77 countries around 
the world. 

Internal Reviews 
A unique method for program evaluation and change is an annual 

week-long internal review in December. Scientists present 10- to 
15-minute verbal reports on their research before the entire scien
tific staff, national program leaders, the Program Committee of 
the board, and contract research scientists. After presentations on 
each major area of research, transfer, and training, lively and con
structively critical discussions ensue. Trustees participate as part 
of the CIP team and not as external reviewers. However, observa
tions and recommendations of the Program Committee become an 
input into management decision-making. 

While in Lima for the internal review, regional staff members 
meet with each headquarters-based thrust representative to plan 
regional research, travel, and training activities for the coming 
year. 

Planning Conferences 
Institutions and scientists from throughout the world participate 

in evaluating and planning for each of CIP's priority research areas 
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Both. CIP and our contract scientists would
 
benefit from more extensive interchangewith the
 

'' broad range of CIP staff.
 
- Robert L. Plaisted, Cornell University. 

in periodic planning conferences. To date, 273 scientists from 41
 
countries have participated in 27 planning conferences. The con
ferences, which review progress and recommend future research,
 
have three functions:
 

" Provide CIP with an objective external review and guidance by
 
international experts.
 

" Establish informal networks of scientists which function for
 
years after the conference, providing a useful mechanism for
 
exchange of research information.
 

" Stimulate participating scientists to re-orient their own
 
research to help solve key problems identified at the con
ference.
 

Distribution of Planning Conference proceedings helps
 
familiarize scientists and policy makers in both developing and
 
developed countries with CIP's principal research areas, progress
 
to date, and future priorities.
 

Brain Picking as a Research Aid 
Lima, Peru - Planning Con- with scientists presenting papers on
 

ferences are a unique way used by current research activities. An at
the International Potato Center tempt is made to have a Planning
 
(CIP) to keep its research activities Conference on each of CIP's priori
before the world's scientific com- ty research areas about every 3
 
munity, and receive advice and sug- years.
 
gestions from top scientists in The 273 scientists attending Plan
specialized research areas. ning Conferences over the last 11
 

Planning Conferences give pro- years have been fron, these 41 coun
fessionals the opportunity to mingle tries: Argentina, Bangladesh,
 
over potatoes and exchange ideas. Brazil, Chile, Colombia, Costa Rica,

In addition to making recommenda- Denmark, Ecuador, Egypt,
 
tions for future research (a part of England, France, Guatemala, Hon
each conference agenda), every duras, India, Ireland, Israel, Italy,

planning conference results in Japan, Kenya, Korea, Mexico,
 
worthwhile spinoffs. For example, Netherlands, New Zealand,

in a recent conference on integrated Nigeria, Norway, Pakistan,
 
pest management two groups got Panama, Philippines, Peru, Poland,
 
together on possible manufacture of Republic of China, Scotland, Sri
 
a sex pheromone for controlling the Lanka, Sweden, Switzerland,
 
potato tuber moth. Taiwan, Tunisia, Turkey, Trinidad,
 

Each conference is for a week USA, and West Germany.
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Long-Term Planning 
In 1979, based on results of planning conlferences and assessment 

of developing-country needs and CIP's comparative advantages, 
the first edition of CIP's "'rofile 1972-2000" was issued. This long
term plan, the first developed by any center in the CGIAR system, 
is updated periodically to reflect research progress and changing 
circumstances. rTime frames for completion of specific activities are 
identified, as well as shifts in research priorities. The Profile, wide
ly distributed to policy makers and scientists in both developing 
and developed countries, is a bench mnurk to measure progress and 
determine funding"and staffing needs. 

Management 
The management philosophy at CIP has been to spread decision 

making among a large number of senior staff who take responsibili
ty and are given authority once the budget and funding has been 

Potatoes and bananas and beans and kids. Rwanda. 
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established for a given year. Four essential points in CIP's
 
management approach are:
 

1.An organizational structure permitting maximum involvement
 
of scientists in decision making.
 

2. Executive management training for scientists moving into or
 
occupying management positions.
 

3.A 	 flexible management approach that permits routine pro
blems to be resolved at the project level. 


4.Senior management concentrated mainly on policy issues, rela
tions with donors, and contracts and agreements with other in
stitutions and national programs.
 

With two scientists attending concentrated executive manage
ment courses each year, management expertise has been establish
ed at CIP so that scientists feel comfortable performing financial
 
and personnel management responsibilities along with their scien
tific duties. Hence, the transition from a scientific to a manage
ment role at CIP is smooth and without trauma.
 

Thrust requirements determine the manpower facilities and 
operational funds which must be built into departmental budgets.
Departmental and Regional Research budgets result from discus
sions among thrust coordinators, department heads and regional

leaders with the directors of Research, Regional Research and
 
Training, and the Controller present. A final budget document
 
goes first to the Executive-Finance Committee which includes the
 
chairman of the Board, secretary of the Board, chairman of the
 
Program Committee and I)irector General before going to the full
 
board for approval.
 

Once the budget has been approved and funded, the authority
and responsibility goes to thrust coordinators, department heads 
and regional leaders for follow-through with operational program
details for a given year. 

Institutional Linkages 
Several strategies link CIP to other research, transfer, and train

ing programs.
 
CIP regional staff members corresponded with scientists from 89 

developing countries during 1983: 17 countries in Latin America,
19 in Central and East Africa, 30 in North and West Africa and the 
Middle East, and 23 in South and South East Asia. In the same 
year, CIP staff members visited 61 de-eloping countries and scien
tists from 44 national programs visited CIP regional offices. Scien
tists and policymakers from 32 countries visited CIP headquarters 
in Peru. 

CIP's 54 internationally recruited headquarters-based scientists 
spent 1,040 man-days in 1983 outside Peru in 179 visits to other 
developing countries. These visits were to familiarize CIP staff 
with local problems, interact with national leaders, and scientists, 
and participate in training courses and workshops. 
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I am highly impressed with this collaboration 
[with CIP]which has not only helped in building 
a strong potato program but has given national 9 
pride. 

- Ayulur Rahman, Bangladesh. 

Specific linkage strategies are described in this section and il
lustrated in greater detail in the illustrative studies Ihter in this 
book: 

" Special projects 
" The "Third Dimension" approach 
" Collaborative research networks 
" Regional research projects 
" Research contracts 

Special Projects 
CIP was the first Center to establish regional programs on core 

funding, thus ensuring continuity of relations with country pro
grams and minimizing dependence on special project funding. 

CIP has formal written memoranda of understanding with 44 in
stitutions in 33 developing countries, but prefers to backstop na
tional programs through collaborative research projects and con
tracts rather than directly manage and staff special country pro
jects. The few special projects which CIP administers generally 
provide short-term funding for specific national or regional needs. 

Special project funding allows CIP to post staff in countries to 
work full-time with local scientists in identifying production con
straints and strengthening research and extension capacity. Cur
rently, CIP has four special country projects in Bhutan, Burundi, 
Peru, and Rwanda. All involve seed improvement programs. 
Previously, special country projects were in Nepal and Tunisia. The 
Rwanda and Tunisia studies later in this publication document the 
high rates of return to investment in effective local seed improve
ment programs. 

The "Third Dimension" Approach 
When country leaders seek external funding for a potato pro

gram, CIP attempts to link the country program with a donor 
agency and a locally based international agency capable of ad
ministering the funds and implementing the project. In most cases, 
drawing on its extensive contacts with potato specialists around 
the world, CIP also helps identify qualified project staff. This 
strategy allows CIP to minimize the number of special projects. 
CIP backstops these potato projects managed by others. Their 
staff members are invited to participate in the annual Internal 
Review and aretreated as CIP staff for all but payroll purposes. 
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Technology transJer alone is not sufjicient to 
assure food security and increased Jod
 
availabilityper capita. The LDCs 'need an effec
tive network of regional, national, and interna

' ( 	tional institutionsand must be willing and able
 
to revise their policies to encou'rageincreasesin
 
food production.
 
- Josette Murphy, U.S. Agency for International I)evelopment. 

Three Third Dimension projects presently active inare 
Bangladesh, Nepal, and Pakistan. A somewhat similar approach
 
was taken with a bilateral project in Bolivia, discontinued in 1981
 
and expected to be re-activated in 1984.
 

Collaborative Research Networks 
Many developing countries cannot afford a comprehensive
 

potato research program. For this reason CIP fosters collaborative
 
research networks in which country programs pool their resources
 
to establish their own integrated research programs. CIP par
ticipates as member these networks nota in but does manage

them. These are not be be confused with the "nursery networks"
 
established by mary international centers for evaluating germ
plasm.
 

In initial development of a collaborative network, country

leaders assess capabilities of their own and other country research
 
institutes for solving priority problems in the reglon. Projects are
 
assigned within the network in accordance with each country's
needs, interests, and facilities. This type of network builds national 
program capabilities and a spirit of confideice and cooperation for 
mutual benefit. This strategy is particularly useful in small coun
tries with few scientists and limited research facilities. 

This type of cooperation makes it unnecessary for each country
to mount an extensive potato research program, particularly
where the crop is of secondary importance. For CIP the advantage
is that for each problem area, CIP scientists can concentrate sup
port in the country which has been assigned a leadership role. 
Subsequent diffusion of information through training and con
sultancies is the responsibility of the countries themselves. 

The Third Dimension approach of locating in
terested donor countries and needy recipient

countries, matching their interests in for

, 	 mulating and implementing national potato 9
 
development programs, is very productive.Reci
pient countries immediately benefit ...
 

- Pema Wangchhuk, Bhutan. 



Two factors are essential for success of this strategy: 
1. strong coordination, particularly through the formative years of the 

organization; and 
2. additional external funding to start individual research projects and 

finance regional activities beyond the scope of national budgets. 

Five collaborative networks now functioning: 

Member 	 External Initiated 
42 	 Countries )onor 

PRECOI)E PA 	 Mexico, o)ominican Iepullic, Switzerland 1978 
Guatemala, Costa Rica, 
IHond!uras, Panama. 
El Salvador, (uba 

SAPPRAI) Philippines, PNG, Indonesia. Australia 1982 
Thailaad, Sri Lanka 

PRACIPA Venezuela, Colombia, Canada (1l)RC) 1984 
Ecuador, Perui, Bolivia 

PROCIPA Brazil, IUruguay, Argentina, (1)I' 1983 
Chile 

PRAPAC Rwanda, Burundi, U.S.A. 1982 
Zaire (IJSA I)) 

PRECODEPA = Programa Regional Cooperativo de Papa 
SAPPRAD = Southeast Asia Potato Program for Research 

and 1evelopment 
PRACIPA = Programa Regional Andino Cooperativo de Papa 
PROCIPA = Programa Cooperativo de Investigaciones 

en Papa 
PRAPAC = Programme Regional 'Amelioration ie la 

Ponime de Terre en Afrique Centrale 
*Proposal in PrlearatioI. 

Impressive performance of PRECODEPA, one regional network 
established in 	Central America in 1978, is illustrated in the final 
part of this publication. 

Twenty-five persons from 13 dijffrent countries 
have been trainedat Cornell Universitywith CIP 
contractfunds. We are enthusiasticabout CIP's 
contract research philosophy. It allows CIP to tap 

(( 	 into existing programs and get a lot jbr its 
money... we are able to give students from 
developing countries thesis topics relevant to the 
needs of their countries. 

- Robert L. Plaisted, Cornell University. 
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Collaborative Research Projects 
Just as research projects are the building blocks of CI1P's head

quarters research program, collaborative projects are 'he building
 
bllcks of Regional Research. I)irect collahoration of (AP and na
tional program scientists ensures that lproject objectives are in line
 
with priorities off oth institutions, and that results are immediate
ly available to both. Each year project results are sent to C! P head
quarters on a staldardizel project prolgress report f'orm. In 1983 a 
total of, 111 collaborat ive resea rch projects were implemented in 30 
developing countries, making a substa.tial contril)ution to 
research programls of Iboth (l) and the national programs involv
ed. 

Quick Solution to a Storage Problem 
Santo I)om ingo, )hniinican .jeet leader t'or storage research -


Repubdlic - 'IRE(( )I)'!'A, the to learn about construction of sim-

Regi mnal Cooperative 'rogram for ple storage. UIpon returning to the
 
I'otat I )evelopment ill Central lDominican Republic, they recoin-

Araeri,., and the Carihbean, helped 0) ended (Iesign s an (I wit Ii
 
s:vw "t--k tpi1tially seriou, potato INES! RE technicians selected (-oi
storage p'odlen in the )ominican struction sites for the stores. A
 
RepUbliC. total of five stores was built for
 

Due to a rice def icit, in 1983, the "'isultr- po)tatoes, using local
 
(overnment of the )ominican materials - sugar cane stalks and
 
Republic pIronoted potato prodluc, pine poles. Cost of each warehouse
 
tion through radio and television, was 1r1,)u1)( 2,5)00 pesos (U.;
 
offering credit, and guaranteeing I
 
purchase (of the harvest by the In- To ensure better storage of' the
 
stituto le Estalbilizavi(In (e PreCi)s potates, it was decided to use
 
(INESPRE). The result was almost growth inhibitors. Technical
 
too successful. assistance and training were sought


POItit g rs esponding to from l'Iumanian scientists, based

these incentives p roduced a surpls on their experience with consumer

theseotatti yes. fcr))meellgucd sur 10
of' more potatoes than INESPRE lotato) storage in th- country.
 
coull store in existing facilities. First (' the 1,200 tons of surplus
 
Additional storage Calp)acity was plotatoes went into the rustic stores
 
urgently needed. just 4 weeks after INESPREIR and
 

Originally, INES!RE dletidIto the national llotat) pr(gram learn
c(Instruct costly sophisticated ohl col oI* the problem - fast time ainy
 
storages. But then, technical staff pae. Results were highly suc
of the )ominican Rep ublic's potato eessful: potatoes were stored for 6
 
program were consulted by the Imlonths with less than 2% loss.
 
executive directolr of INESPIRE. I'RIC()I)EI'A is a network of
 
Based on technical storage publica- eiglht Central American countries
 
tions they had received from the which have p) oledI their humna and
 
International Potato Center (CIP), phy. ical resources to pr(vide potatoI
 
headquartered in Lima, 'eru, and research on "loca! problems. The
 
from Guatemala they convinced organizati( has (operatd-( since
 
INESPRE's executive director to 1978 with these countries par
construct low-cost rustic storages ticipating: Costa Rica, Cuba,
 
instead. Dominican Repullic, El Salvador,
 

Two technicians were immediate- (;uatemala, Honduras, Mexico and
 
ly sent to Guatemala - the lana (Cluba and El Salvadorjoin-

PRECODEPA organization's pro- ed in 1983).
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The project [bilateralwith CIP backstopping]is 
one oJ the successjul and frufijhl collaborations 
with the network oj" the international centres 

' ' under the CGIAN system and could serve as a 
valuable model.1br other countries. 

- M. M. llahman, Bangladesh. 

Research Contracts 
Research contracts provide (AP with low-cost access to available 

scientific expertise and research facilities throughout the world. 
Contracts motivate researchers to work on priority problems of 
developing countries, and provide operating fun(ds necessary to 
conduct needed resealch. Contracts allow CII' staff members to 
estaolish persono working relationshilps with leading scientists 
around the world, and permit flexibility for changing research 
priorities without incurring major changes in headquarters staff 
and facilities. 

Research contracts provide operating funds for labor, ex
pendable supplies, and travel but not for salaries for scientific staff. 

In the early year.i, contracts with breeding programs in North 
America quickly gave (AIP access to world class breeding programs 
and genetic material to distribute to developing countries. Over 
time, an increasing number of coni racts are with developing coun
try institutions. In 1983 CI1 had 21 active research contracts with 
research institutions in nine developing countries and 14 contracts 
in seven developed countries. 

Training and Communications 
CIP's long-range plan calls for development of a global com

m,:nications network to reach third world potato researchers, ex
tensionusts, and educators through national programs. Such a net
work depends on an effective training program supported by com
munications and library services. 

CIP's training program is based on the philosophy that research 
and extension efforts conceived and executed collaboratively with 
national programs are more appropriate, effective, and longer 
lasting than those conceived and executed independently by CIP. A 
fundamental concept is that national programs have a comparative 
advantage to reach their producer/farmers more efficiently in addi
tion to analyzing governmental policies, growing conditions, 
research, and training needs. CIP's role is to assure that all involv
ed contribute their part to benefit a third world country where the 
potato can become a major factor in alleviating hunger. 

CIP's training goal is to strengthen national capabilities to 
develop and transfer improved technology. Specifically, training 
activities seek to improve national abilities to: 



* identify research needs and priorities for improving produc
tion;
 

" identify existing technology relevant to the country's needs;
 
" conduct research in the most inportant problem areas;
 
" adapt research results from other sources under home country
 

production conditions;
 
" participate in transfer of appropriate technology within their 

countries and surrounding countries; and, 45 
" train others to identify existing technology and research needs,
 

conduct research, adapt results, and participate in the transfer
 
process.
 

Plans for collaborative research and training emerge from con
tinuing dialogue between CIP regional staff and national leaders.
 
These plans address real-world pro blems and, more i' portantly, 
reflect the contribution of current national research and extension 
capabilities in the transfer process. 

Essentialiy CIP is involved in two types of training: )roduction
oriented and specialized. 

Production-oriented training stresses general principles of 
potato production directed at researchers and extensionists, enabl
ing them to I)etter respond to farmer-level production situations. It 
is conducted away from headquarters in collaboration With national 
programs. 

In production training, advanced national l)rograim with greater 
technical and administrative expertise take more direct respon
sibility for training than less advanced programs where expertise is 

Contracts for Specific Research 
Lima, Peru - The International year at arn annual cost of $437,500.
 

Potato Center (CIP) employs a Aspects 'seed tube IrOdit tion,
 
strategy of "contract research". to including storage, virus detection,
 
augmint its headquarters research and tissue culture, involved eight

base in a low-cost and flexible nian- contracts. Four contracts, all with
 
ner. The advantage is to use person- levehljong cioun try institutions.
 
nel and facilities of other instito- were f r researth on true itato
 
tions when needed and not availahle er1.
 
at CIP for special research Irojects.
 

C 4 financed 35 research (o Other research areas were refini
racts with diferetisth ing techniques
5 n- electrolhoresis fortracts with 26 different institutions clonal itlentification, statistics,

worldwide in 1983. Of these, 21 fl'ndaillental reseaLrch on hacterial
 
were with universities and research j)ilthtgens of thet, potatto, and train
institutes in developing countries, ing.
 
14 were in developed countries. lll
Co(ntr'acts were with institutions
 

Most research contracts were or in) Argentina, Australia, Brazil,

breeding or evaluation (It' germn- Canada, Clhili, (Colonli ia, Ecuador,
 
plasm - 11 in developing countries, Germany, lland, Kenya, Korea,
 
seven in developed countries. The Peru, Scotland, Sri Lanka,
average for the past 7 years haus Switzerland, and the U.S.A.
 
been 30 research contracts each 
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CIP has played a significant role in training 
technical manpower in Pakistan... during 
workshops 61 researchers,extension workers and 

6 ftrtners have been trained... prior to CIP col
laborativeactivities there was a dearthoftrained 
personnel. 

- Amir Muhammed, Pakistan. 

still in the development stage and where it is necessary for CIP to 
take more responsibility. CIP's involvement - providing trainers 
or financial resources - may not even be needed for advanced pro
grams, such as Chile and Colombia. 

Specialized training concentrates on areas of research for which 
CIP is the principal source of information and experience. It is 
directed at enabling researchers to conduct research. 

Specialized training is similar to production-oriented training in 
that more advanced programs provide a greater input than the less 
advanced. However, where programs are non-existent, no direct 
CIP input is made until the countries have determined their 
research and training priorities and some advancement has been 
made. Personnel capable of producing potatoes must be available 
before training in specialized areas is advantageous. As programs 
improve, the need for CIP direct input diminishes. In advanced 
programs CIP continues to provide specialized training in areas 
where national expertise is not available and for new technologies. 

Do-It-Themselves Training 
Lima, Peru - Three international rustic store to obtain basic 

agricultural research centers in knowledge before teaching that 
mid-1981 joined a unique training particular subject. 
project funded by the United Na- The idea went deeper, however. 
tions Development Programme Participants did their own course 
(UNDP). planning and preparation and 

Taking part were CIAT, Cali, Col- presentation. Often it was the first 
ombia; IITA, Ibadan, Nigeria; and time they had the opportunity to 
CIP, the International Potato "be on their own." They learned 
Center headquartered in Linma, and practiced the fundamentals by 
Peru. CIP, for example, uses funds doing. Successes were theirs, as 
received under the program to train were errors. 
the trainers - to give national )uring CIP's 31'/, years of UNDP
potato program scientists, exten- funded training a total of 473 na
sionists, and educators experience tional program personnel took part 
to train others within Peru and and they represented 45 different 
from other countries, countries. The 18 courses were on 

It is called "horizontal" transfer seed production, storage, and on
of technology and has been a farm research. Countries in which 
singular success. In 12 potato the courses were held included Col
storage courses many of the 261 ombia, Chile, Rwanda, Zambia, 
participants, for instance, found Tunisia, Sri Lanka, Bangladesh, the 
themselves actually constructing a Philippines, and Peru. 



Mid-Career Scientist Training 
Simla, India - One of the first disease, may cause field and storage
 

mid-career scientists to study at the losses as high as 75% in some parts
 
International Potato Center (CIP) of India. Losses have also been
 
headquartered in Lima, Peru was a reported in the Middle East and in
 
veteran of 27 years of agricultural Texas in the United States.
 
research in India. All of the 22 immune clones were
 

S. K. I3hattacharyya, a plant from the breeding population that is 
pathologist in the Central Potato also, used in root knot nematode 47 
Research Institute (CPRI), used resistance research. lie reported 
ClP's World Potato CIlection in that all clontes fron the promising 
research, inainly at lnancayo, source of charcoal rot resistance -
Peru, to otain plant material resis- and root knot nematode resistance, 
tant to charcoal rot, cautsed by the too - possess a wiltt potato, 
fungus Mijwrop lml /tI Solon um rhtocnse, in their parenil phlsi',ilil0 
(Tassi.) (oid. tage, a fact confirnming 	studies
 

earlier.
)r. Bhattacharyya returned to beginning nearly 20 years 

India in Augtst of 1980 after IIe also pointetd tt ti that the (tO

screening thousands of clones in the igm clhe )CII 6112 is of in-

World Collection ati selecting 22 terest as it is also resistant to soft
 

rot, another serious proilen in theclones that were immune to char 

coal rot, 11 that were resistanit, and plains of India. The clone ()CII 6112
 

44 that were nmterately suscepti- was discovered in1975 during one
 

ile. Charcoal rot, a warm clii ate ofIs plant e(x1iisratiil eei
tionls.
 

As a result of interaction with national programs across all
 
regions a plan for all of CIP's training is prepared. The current
 
plan looks ahead to the next 5 years. It is updated annually and
 
reflects national needs as we!l as national involvement.
 

Training Accomplishments 
Since 1978 CIP has trained or facilitated training for more than 

2,500 national potato researchers and extensionists (Table 4). 
These potato workers from 102 developing countries received 
training in seven major areas of CIP's research: germplasm 
management, production of potatoes from true potato seed, potato 
production in warm climates, post harvest technology, oin-farm 

Table 4. Evoluti,)n of training activities: 

trainingGeneral Specialized 
'roduction Research
 

Year Courses Courses Individualized asaistantships Total
 

1978 145 107 5 37 294 
1979 221 100 18 48 387
 
1980 117 65 27 43 252
 
1981 94 390 10 4 542
 
1982 146 246 19 48 459
 
1983 355 128 46 62 591
 

TOTAL 1,078 1,036 125 286 2,525 

NOTE: Research assistantships, which often extend beyond one year, may be 
reported in two or three consecutive years. 



research, seed production, and general production techniques 
(Table 5). 

Table 5. Trainees by country of origin and course topic 
1978-1983. 

Germ- Post
plasm Tropical Seed Harvest On-Farm (eneral 

Country Mngemnt Agronomy Prod. TPS Tech. Research Prod. Total 

48 Algeria 1 24 25 
Afghanistan 1 3 4 
Argentina 3 21 2 17 43 
Australia 1 1 2 
Bahamas 2 2 
Bangladesh 4 62 1 27 1 11 106 
Benin 1 1 2 
Bhutan 1 11 1 46 59 
Bolivia 3 17 5 2 27 
Brazil 5 62 6 19 92 
Brunei 1 1 2 
Burma 3 2 1 1 7 
Burundi 2 17 6 16 41 
Cameroon 2 2 2 2 8 
Cape Verde 1 1 2 
Chile 3 26 1 8 2 1 41 
China 1 1 2 
Colombia 6 1 40 28 1 3 79 
Congo 1 1 
Costa Rica 1 11 1 2 13 6 34 
Cuba 2 1 2 5 
Cyprus 2 1 1 3 7 
Dominican 

Republic 1 7 2 2 5 17 
Ecuador 4 15 5 2 10 36 
Egypt 5 1 1 1 2 3 13 
El Salvador 1 2 1 4 
Ethiopia 2 4 7 13 
Fiji 1 1 2 
France 1 1 
Ghana 1 1 
Guam 1 1 
Guatemala 1 2 1 5 1 2 12 
Guinea 1 1 
Haiti 2 2 
Holland 2 2 4 
Honduras 2 3 1 2 8 
India 1 2 9 2 1 15 
Indonesia 6 25 3 1 1 1 37 
Iran 2 2 4 
Iraq 4 4 
Ivory Coast 1 1 1 3 
Japan 1 1 
Jordan 3 13 16 



Cerm- Post

plasm Tropical Seed Ilarvest ton-Farm General 

Country Mhgen. Agronomy Prod. TPS Tech. Research iProd. Total 

Kenya 2 15 2 9 22 50 
Liberia 1 1 2 
Libya 5 5 
Madagascar 5 50 55 
Malawi 1 4 1 6 - 49 

Malaysia 2 3 2 7 
Mauritania 1 1 2 
Mauritius 1 1 15 17 
Mexico 4 14 9 3 3 1 34 
Morocco 2 1 27 30 
Nepal 1 2 5 2 2 12 
New 

Caledonia 1 1 
Nicaragua 2 2 
Nigeria 6 2 8 
Pakistan 1 35 15 34 39 124 
Panama 7 2 10 19 
Papua New 

Guinea 1 1 1 3 
Peru 24 116 22 51 25 5 243 
Philippines 18 37 62 2 13 9 25 166 
Poland 1 1 
Rwanda 1 4[ 1 2 14 107 129 
Senegal 1 1 3 5 
Sierra Leone 1 2 3 
South Korea 3 4 4 2 2 2 17 
Spain 2 2 
Sri Lanka 3 6 7 2 232 4 254 
Sudan 1 2 1 4 
Swaziland 2 2 
Switzerland 1 1 
Syria 3 1 1 2 7 
Taiwan 1 2 3 
Tanzania 4 2 2 8 
Thailand 6 2 6 1 4 2 21 
Togo 1 1 1 3 6 
Tonga 1 1 
Tunisia 4 4 5 7 44 64 
Turkey 18 17 1 12 7 55 
Uganda 2 2 4 
United 

Kingdom 1 1 
Upper Volta 1 1 1 3 
Uruguay 2 1 2 5 
USA 3 3 
Vanuatu 2 2 
Venezuela 5 32 4 41 
Vietnam 6 3 1 1 11 



Germ- Vost

plasm 'rrupical Secd IHammest IOn-Farm G;eneral 
Country Ningemnt Agmmnomo"I'rod. 1'1's Tech. fewearch Irod. Total 

West 
Germany I I 

Yugoslavia 2 2 
Zaire 2 5 5 42 54 
Zambia 4 1 2 7 

50 Zimbabwe 1 I 1 :, 
T'I'OTAL 188 101 681 54 478 169 621 2,292 

NOTE: Pest managemCent aWd tissu, pro(ducLion.cul ue' are iml uded if)Seed(I 

Results of training are difficult to measure. InI an ongoing study 
of former trainees, CIP uses these criteria for evaluation: 

(1) The number and types of research projects started after the 
training. 

(2) 	 The extent to which former trainees are training others on 
topics covered during training. 

(3) 	 The extent to which trainees are interacting with farmers on 
topics related to the training received. 

Based on 300 initial responses the following was found: 

* The largest percentage (33%) indicated their profession was 
general agronomy. 

" More than half (56%) the respondents indicated they had begun 
new research projects following training. A total of 344 new 
projects were listed. The major problem areas covered are: 
seed production, germplasm management, post harvest 
technology, and agronomy. 

" Eighty percent of respondents indicated they had trained 
25,500 others including 12,900 farmers; 6,100 researchers, ex
tensionists, and technicians; 5,1CO university students, and 
1,500 potato workers from other countries. That is an average 
of 85 other persons trained by each of 225 respondents. 

These findings also indicate that about half of CIP trainees have 
research responsibilities, but there is little research specialization 
in national programs. This is particularly evident in countries with 
recently established national programs. 

As a result of training, more time is spent on potatoes and a large 
number of research projects have started. This new research is be
ing focused on major problem areas limiting potato production in 
the third world. 

The multiplier effect of training is impressive. Clearly, those 
trained are training others, not only farmers, but other re
searchers, extensionists and university students. This is further 
evidenced in CIP's training. In 1983, 109 of the 138 instructors in 
CIP-sponsored production courses were either national program 
staff or CIP technicians - only 29 were CIP scientists. Also, of the 
122 instructors in specialized training, less than half (57) were CIP 
scientists. 
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the 'nei,' lechologies I.lenerled try CIP 
ye'lleic l/Uerials, i)rtnl/elion-, virus S/uies,
 

66 lrurit //!l, ind Wvhers - h.l c bet prov' ided nv- 9
 
iolia0/ progfraisSon /(,). /'I/('Jre solii/ed.
( hvy 

- Carlos ('risci and Iranc'isco Vilaro, UIruiguay. 

The falt that 300irespolndellts report, havilig trained Ilearly 
13,000 ftl"*'llrs indicates that inl'rmliat o on niew technologies is 
rea(hlug Ilarge titunlhbers (, fiarmners. 

Training Effects - Two Examples 
Ecuador Seed Production Program. Sitne 1980, ('11) has pro

v'iel research funds to the Ecuadlorian potato prograinl through
INI APl. The national leader reported the following Ieg~aldiig training oil rapid mlultiplicationl I,,hnliques: 

"Although ours is a si1al ('iountry, we have heen afle to
 
use these techniques and in 2i/2 years get tots il'seed. In
 
1981 we rec eived lour test tuIes if varnietics free i if virus
 
o'ron
CIP. From what was in one of, these tulbes 3 

Trainee concentration. 

1 7
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Multiplier Effect of a Single Publication 
Quito, Ecuador - A single copy storage of 120 quintales capacity. 

of a publication provided the im- Bins inside the structures contain 
pulse to help campesinos improve the potatoes. Some stoies were 
their seed potato storage in a screened to reduce insect damage. 
remote region of Ecuador. Each store cost about US$120 to 

It started when a missionary build with the communities paying 
agronomist of the Luke Society saw $20 and the remainder paid from 
a booklet on potato storage pu)lish- donated mission funds. 
ed by the 1)International Potato Says the missionary-
Center (C11), Lima, Peru, and ayst 
distributed through offices of a a- agronomist: 
tional potato program in Ecuador. "We have constructed 55 of 
The publication described small, these storage structures in 50 
rustic low-cost stores constructed of communities. Some corn
local materials using the known munities are beginning to fill 
principle of diffused light as a way them for the second year. 
to prevent tubers from sprouting. Three farmers built their own 

storages using some of ours 
Tle missionary took suggestions 

-i models.from the publication and comlained 
them into a project for the Quechua "To build a storage, we would 
Christian Indian Association of send an agricultural 
Chimborazo Province in Eucador. It facilitator from our program 
was an entirely new idea; previously to show the community how. 
local farmers stored their potato But the community had to do 
tuber seed in dark corners of their the actual construction - we 
homes, hoped in this way to leave 

behind something of the con-Eucalyptus lumbher for'sidles andl str'u ct ion techn (logy fori 

bins plus a corrugated metal roof others.' h 

were the basic materials for a 

months ago, we harvested 22 metric tons of virus free 
basic seed. This is important as it has caught the atten
tion of many people. Before we even harvested we were 
getting inquiries from seed producers. This means we 
will now be able to get some producers to multiply this 
seed under contract with us to ultimately make it 
available to commercial producers. This would be of in
calculable value. 
"None of this would have been possible without CIP's 
assistance. We received training from CIP on tissue 
culture methods, rapid multiplication techniques, and 
virus indexing, and each person who has received train
ing has trained others. We work in the field and in the 
greenhouse. The clean germplasm, of course, has been 
the key, but we would not have been able to use it 
without the training." 

(F. Munoz, 1983) 

Philippines Seed Production. In 1981 a Filipino technician 
working with the Philippine-German Potato Research and Seed 
Program, headquartered at the Bureau of Plant Industry in 
Baguio, received 4 months training on rapid multiplication techni
ques. During a later tissue culture and rapid multiplication techni
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Through on-farm trialsa mutual cooperativeat
mosphere between researchers, extension
 

6 workers, technical disseminators, and farmers 9 9
 
was Jbmed.
 

- K. K. Kim, South Korea. 

ques course in Vietnam, this technician reported that in the Philip
pines they are currently using a combined system of four 
multiplication techniques. Present output is 2,000 plantlets for 
planting per week. These are multiplied at the Baguio Seed Farm 
on tht Mountain Trail in the potato growing area of the highlands 
in Luzon. Sixteen hectares are designated for seed production at 

Missing Elements in Training 
Lima, Peru - Usually two key laboratory and field work, organiza

missing elements hinder interna- tion of field trips, and logistics.
 
tional agricultural training and suc- Each 4-week course provided 200
 
cess is harder to attain. National hours of supervised training on
 
agricultural program personnel in potatoes with special reference to
 
the third world usually have the seed programs. Differences in
 
ability to conduct training - at the potato production systems were all
 
national or even the regional level studied in visits to Peru's three
 
- hut lack experience and funding main ecological zones: coast, jungle,
 
to organize courses. and highlands.
 

The United Nations I)evelopment Results were entirely satisfac-

Programme (UNDP) is helping to tory according to all concerned. A
 
resolve one of these needs (funding) total of 48 professionals were train
which almost automatically solves ed, 32 for the host country and
 
the other. It is (lone under a global Ecuador (2), Venezuela (4), Bolivia
 
project on technology transfer on (4), Chile (2), and one each from
 
root and tuber crops. CdAr, IITA, Brazil, Argentina, Costa Rica, and
 
and CIP, three International Colombia.
 
Agricultural Research Centers, are
 
project participants. Follow-up of one course showed
 

90% of I)articipants had appliedPoNDP providedPotato Programfunding ofto tions their institu-Research their learningor withinthethe organizations, 600/ 

Universidad Nacional Agraria reported attempts to modify farmer
 
(UNA) in La Molina, Lima, Peru for" pra tte90mtsrd th er
 
training courses in 1982, 1983, and practices, 90% shared their new
 
1984. The International Potato learning with technicians and
 

farmers and through universityCenter (CIP) sponsoed the courses classes, all surveyed said they had
 
- andi assumed a hack-up role, used training materials furnished
 
when requested. (mainly publications) after the
 

UNA's training program was en- course.
 
tirely "on its own" for all phases of UNDP support included round
the courses - it took the kudos and trip transportation, lodging, and
 
the raps. UNA prepared course pro- meals at CIP, pocket money, 
grams and budgets well in advance materials, in-country logistical sup
which included selection of can- port, honoraria to instructors and
 
didates, preparation of lectures, for back-up technicians.
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... training material to national programs, 
bulletins, lecture notes, circulars, books, pro
ceedings oj'workshops and planningconferences, 

6 ( 	 and slide sets on dijferent aspects.., serves as a 9 
valuable source of infbrnation to the national 
potato scientists with inadequate libraries. 

- Kazi Badruddoza, Bangladesh. 

the farm. This seed is further multiplied by selected farmers under 
contract on a total of 80 hectares. There is now enough seed to pro
duce consumption potatoes on 2,000 hectares. According to the 
technician all this was possible because of training she and others 
received from CIP. 

Distribution of Publications. Communications support has 
always been an integral part of CIP's development strategy. This 
unit produces publications and visual aids in support of ad
ministrative and research tasks as well as providing major support 
of the training program. 

CIP regularly sends publications, including Annual Reports, CIP 
Circulars, Technical In formation Bulletins, and Social Science 
Reports, to in(lividuals and institutions in 136 countries: 29 in Latin 
America, 39 in Africa, 42 in Asia, and Oceania, and 26 in Europe 
and North America. 

Technical Information Bulletins (TI3s) are now in English, 
Spanish, Hindi (India), and Bengali. Translations into French and 
Fari (Iran) are in progress. 

TIBs synthesize generally available information and CIP
generated technologies important to researchers and exten
sionists. They are written for intermediate level professionals so 
they can be readily adapted for use by constituents and clientele. 
TIBs can be used for individualized study, support information in 
lectui es on potato production, and disseminating information to 
farmers. 

Nineteen topics have been covered by TIBs. They have been 
distributed to more than 60 national programs. 

The 	CIP library contains 4,600 items in its book collection and 
loans to CIP staff and training programs total iiore 5,000 annual
ly. The exchange agreement includes 320 libraries in 68 countries. 

Client-Oriented Research. 
The Farmer-Back-to-Farmer Model 

Agricultural research conducted in isolation from its potential 
clients often produces results that meet professional scientific stan
dards of excellence but the results are of little practical value for 
application by farmers. CIP avoids this common pitfall by using a 
client-oriented interdisciplinary team research approach which also 
assures that new information actually teaches the farmer. 
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Based on experiences in development and dissemination of seed 

storage technology in the Mantaro Valley of Peru and elsewhere, 
CIP's post-harvest team folrmulated the "Farmer-Back-to-
Farmer" research model. '['his nm((del is based on the assumption
that, to he effecti,,e, agricultural research should begin and end 
with the farner, and involve interdisciplinary teamwork it] all 
phases of a Continuous research/diffusion process.

The Farmer-Bactk-to-Farner nmo(del is now being used by ClIl in 
collaboration with national programs to solve problems related to 
potato storage, seed systems, pest management an(f true potato
seed. See the final part of this publication for additional details on 
development and use of the model. 
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Exploring for wild potatoes 
to add to World Collection 

(below). Southern Peru. 

#P,.s
 



57 

PART 5 

Research Program and Results 
CIP's research aims to solve priority problems of potato produc

tion and use in developing countries. Headquarters and Regional
Research Programs are integrated to ensure a flow of information 
on production problems from national programs to CIP head
quarters, and evaluation of headquarters research results under 
developing country conditions. Local evaluations of technologies
and extension are primary responsibilities of national programs.
 

This section briefly describes CIP's major research areas and ac
complishments to date.
 

The World Potato Collection 
Future increases in world agricultural production to feed a grow

ing global population will require new plant varieties with
 
resistances to diseases, pests and environmental stress. Breeding

for such resistances depends on access to gene pools with sufficient
 
variability to permit new recombinations of genes.
 

"Centers of diversity" are areas where wild crop ancestors have 
been first cultivated as native cultivars. Plant extinction is a threat 
in many diversity centers, including that of the potato - the An
dean region of South America for tuber-bearing Solanum. This
 
genetic erosion, or loss of genetic diversity, is of internatioalal con
cern.
 

Through its sponsorship of collecting expeditions and as a 
repository of donated collections from other sources, CIP has 
assembled the World Potato Collection, which includes 5,000
classified cultivated accessions and 1,500 wild accessions. CIP's 
reservoir of germplasm - the material used by scientists to breed 
new combinations of plants - is the most complete and diverse col
lection of primitive potato cultivars in existence. Older collections 
are in thc Soviet Union, the United Kingdom, Germany, and the 
United States. Thirty-one developing countries also have potato
collections. 

There are about 160 wild tuber-bearing Solanum species. More 
than 90 living species have been collected by CIP expeditions since 
1976 and represent the most diverse collection of wild species in 
any gene bank. About 35 of the wild potato species collected during
the past 150 years existed only as dried herbarium specimens and 
were considered extinct. However, during the past 8 years, 20 of 
these wild "extinct" species have been rediscovered. For example, 



in 1981 a CI1P scientist rediscovered specimens of Solnum buuesii 
and Sohiii1 ,imihile, both previ(usly believed to have been ex
tinct. Additionally, explorations since 1976 have discovered more 
than 12 entirely new spevies tor science. 

This World I'otato Collection is at the heart of ClI's b)reeding 
research. It is availahle on a worldwile basis for developing new 
genetic coml)inati(ns. ()nly an estimiated tenth of' the total known 
genetic varial)ility of the tuber-hearing Sol, in Species had heen 

58 	 used in world potato breeding prior to CP's establishment. In 
other words, potato varieties long grown in temperature zone 
developed countries have a narrow genetic Ibackground with 
limited disease and pest resistance. It was this narrow genetic 
backgr)und which permitted the rampant spread of disease in the 
Irish potato, crop in 1846 with the ensuing famine. 

Management and Evaluation of the Collection 
Efficient use of the World I'()tato Collectiol as a genetic resource 

in breeding programs re(luires its proper maintenance, evaluation 
to know its genetic characteristics, and do(Cumentation. Several 
thousand clhines are )lantedt in the field each year to) screen for 
disease and pest resistance andl to ilenti fy duplicates (Table 6). 
Samples of see(ds of' dupllicate accessions are sent to the USDA 
See(l Storage Laboratory in Fort Collins, Colorado to insure long
term specialized maintenance. Samlles of seeds of wild species are 
sent to the I R- I pro ject at the Sturgeon Bay facility (f thc Univer
sity )f Wisconsin. 

All available data related to the World Potato Collection are ac
cessible through a computerize(d data management system. It 
facilitates lata retrieval to meet the needs of scientists. Efficiency 
in comp)uterized information retrieval is maintained through a 
standardized descripto r system developed through a conference 
sponsorel by CIP. 

This system, and especially the electrophoretic verification of 
duplicates which is unique among germplasm collections, has 
helped re(luce number of accessions in the cultivated collection 
from the original 13,000 accessions. Reduction in quantity of acces
sions improves qualily of the collection by facilitating evaluation 
for desirable attributes in a smaller but more representative germ
plasm collection. It also makes long-term in vitro maintenance of 
the collection more feasible by eliminating many phytosanitary pro
blems which ,ccumulate when the collection is planted in the field 
every year. 

In the potato's center of diversity it is also likely that more ag
gressive strains of pathogens and pests of the potato will occur. 
This provides unique opportunities to more fully evaluate the 
breeding potential of these potato genetic resources. Accessions 
are systematically screened against important nematodes, insects, 
fungi, bacteria, and viruses as well as against some environmental 
stresses such as frost, heat, hail, drought. For most traits the fre
quency of genotypes with some resistance ranges from 2% to 10%. 
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The research.p rogtlmine(14(111s to inprovepota1toyields ....from ,!hnslhechare to 85 hons/hctare 
lhrouJh breedingl, (igroonty and new product ion
tD(
echnology. These broadgoa/,s are grmtdual/y being 9 9 
rea lized largely through our close cooperation 

- J. M. Liwenga. Tanzania. 

That is, out of'5,0t00 different clones, only 10 to 50 may have some 
degree of a desired attlri[ute. 

Some accessiins have multiple resistances to certain pests and/or 
pathogens. One ('1) accession has five different resistance traits, 
seven accessions f wur, 71 accssi(11s three, a1.nd 1, accessins two 
resistance traits. 

Primitive Andean cultivars as well as wihl species may also 
possess undesirablc characteristics. 'To overcome the "genetic 

Table 6. Evaluations conducted in accessions of the World 
Potato Collection. 

Traits evaluated No. of accessions 
evaluated
 

Fungi
lPhyto,,,!itr Might t,
 
lPh~ltohd horin Pink Rot..."','
 

St ri-pt Scab 927ow!l/'s 
S.10'h!rium Wart 1,i22
 
A ? ll!osorms S1nt1t 329
 
Slli'rtqi/iInin( Charcoal Rot 2,383
 

Bacteria
 
Erwii Soft Rot 226
'ii 

Psviiml,,itins Wilt 28
 

Viruses
 
I'VX 697
 
PVY 601
 
PlRYl\" 1,112
 

Nematodes
 
(;Iobodera pa/ idi 5,264
 
(;lobdh "i rostorh iensis 1,252

A11h1(id11)yyl11 in'oln itlt 3,938(writif 


Insects
 
Plhori .mtt Tuber Moth 2,871 

Environmental Stress
 
Frost 3,11
 
Hail 3,932
 

Other Desirable Traits
 
2n pollen prodUctiol 806
 
Nutritive quality 840
 

31,101 



Our major collaborationwith CIP is utilization 
and adaptationof advanced genetic materials. 

(
6Dependenceof ourpotatoresearchprogrammeon 9 
CIPfor such materialswill continue. 

- Gebremariam Shekour, Ethiopia. 

60 
distance" between primitive cultivars and advanced clones, CIP 
develops "back-up populations." These populations permit wider 
use of genetic resources by concentrating genes for desirable at
tributes and reducing the frequency of undesirable traits. 
Use of the World Collection 

In CIP's early years, the breeding program drew heavily on other 
collections. For example, all bacterial wilt resistant clones 
distributed by CIP in its first 10 years either originated from a 
University of Wisconsin breeding program, or Wisconsin clones 
were used as parents in CIP's own breeding program. Every
breeding program at CIP has used genetic material from other 
germplasm sources. Genetic material has been used from 22 
developed country programs to make advanced clones quickly
available to developing countries. However, CIP's World Collec
tion is the primary source of breeding populations to develop im
proved clones with resistance to the potato cyst nematode, frost 
tolerance, adaptation to the lowland tropics, and virus resistance. 

Wild species in CIP's collection are used to develop populations
with new sources of resistance to bacterial wilt, the poLato tuber 
moth and root knot and cyst nematodes. A source of resistance to 
potato spindle tuber viroid (PSTV), a virus-like pathogen of special
quarantine significance in the international export of potatoes, has 
also been identified. Several sources of resistance to potato leafroll 
and X viruses have also been detected in the wild species. 
Future Plans 

Continued maintenance, exploitation, and utilization of the world 
germplasm collection is one major area in CIP's long-term plan.
Research involving the World Potato Collection has only begun
with an estimated 90% of the available genetic diversity of the gene
pool of tuber-bearing Solanum awaiting future evaluation. 

During the past 5 years difficult crossability barriers have been 
broken between species within the germplasm collection through 
use of modern tissue culture techniques (such as embryo culture) in 
combination with traditional methods (such as use of bridging
species). This research has made previously inaccessible parts of 
the wild potato species gene pool available to modern breeding pro
grams. 

Advanced Lines and New Varieties 
Most sub-tropical countries of the developing world that cultivate 

potatoes have depended largely upon imported varieties and cer
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One aspect of 
plant breeding 

(below). 

tified seed from Europe and North America. These count ries had 
no potato breedin~g programs of their own to devClop disease and 
pest resistant varieties specifically suited to their agricultural con
ditions. In accordance with its mandate, ('1I) selected a breediig 
strategy to meet the specific requirements ,of client larmers in 
developing countries arond the world. This strategy also makes 
efficient use of the Worhl lotato(ollection, a nra1,or resource of its 
breeding irogram. 

Recurrent Selection 
Various ;spccts of* basic and applicii bre,-ding research are hand

led through (IP's nine projects and six research contracts with 
scientific institutionMs in Europ e, North and South America. By us
ing all of these resources, CIP brings together genetic materials 
combined on a scale never beflore attempted. 

Interbreeding produces a new array of' genotypes. In initial 
screening for pest and disease resistances and agronomic
characteristics, desirable genes are at a low frequency. Selected in

! 



dividuals are intermated again, creating a new gene pool with an 
increased frequency of genes controlling desirable attributes. This 
process of recurrent selection is repeated several times, the selec
tion pressure increasing in each cycle leading to the (evelopment of 
advanced clones. 

The Population Breeding Strategy 
The cycles of intermating selected parents, testing progenies and 

62 selecting a new population with a higher frequency of desired 
genes is known as population breeding. C IP decided on this 
strategy to meet its obligations to developing countries. It ensures 
that a breeding population maintains wide genetic (liversity to 
assure high yields and stability of l)er'()rmance and it increases the 
frequency of genes controlling alaptation, yi(d, and resistance or 
tolerance to biotic stresses. 

Seventy develOl)ing country Ipotato programs have received 
germplasm (listribute(l through CI P for evaluation un(er their con
ditions. Thirty-six selected clones have been multiplied and releas
e(l by 22 national programs to growers. Eighteen are designated by 
specific names, often colorful adaptations of botanical, local or 

Which Cultivated Potatoes Do You Prefer? 
Lima, Peru - Seven difierent ly 15 degrces iouth. There 

species of potatoes have been daylength varies from 13 to 11 
cultivated in the Andes since hours. A ndigyel is a "short (lay" 
priliitive tin cs. plant growing at an altitu(de of 

One of these species, ,'(I num 3,000 to 4,000 meters, CI) scien
f14vros In. exists as two Lists explain. 
subspecies, SI hr n III lbelrr sm A 1digelm potatoes generally hiave 
spp. tubei-osum and Solol(tim highly fertile flowers prodlucing 
Inbcerosu sp). at(ien(i. The many berries containing seed. In 
subspeciesSi num hlwu'rsum spl. appearance this highland potato is 

She'rosum is the potato of com- an upright plant of variable growth 
merce in North America, Europe habit produciing tubers of irregiilar 
and Asia and, as such, is the fourth size with (feep eyes. 
most important food crop grown in Tuh'rosum potatoes normally 
the temperature ','ones. flower less profusely, are less fer-

The subspecies tibeiNrsum potato tile, lower growing an( more 
originated in the Chiloe archipe'ago spread out in growth habit than An
off the coast of Chile at a latitude of difl(n'o plants. 7I'u rosuMNtuberizes 
approximately 43 degrees South. under long (lays, producing more 
Daylength there varies from 15 to () uniform shallow-eyed tubers that 
hours on the longest day (December are closer together than those of its 
22) to the shortest day (,June 22). It more northern relative around 
is a "long day" plant growing near Lake Titicaca. 
sea level, say scientists at the Int-r- Thus in Dublin, the hrish (line or, 
national Potato Center, an their favorite variety of Solanum 
agricultural research organization hiberosum sppp. tubirosUin grown 
headquartered at Lima, Peru. under long summer lays, while in 

In contrast, the subspecies (in- Lima, Peruvians love the undig(elil 
digena originated near Lake "papas" common to northern South
 
Titicaca in wha is now Peru and America.
 
Bolivia at a latitude of approximate- Make mine french fries.
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The release of these varieties effiects a saving in
 
per acre input costs to farrners as under local
 

6 ( conditions they do not require any f/ungicide 9
 
spray during their growth.
 

- Director of Agriculture, Sri Ianka. 

historical significance. CI P does not name varieties but encourages
 
developing country programs to provide appropriate variety
 
designations on material they evaluate and release.
 

Years of careful planning are represented in each of'scores of ad-
Vafced selections going to national programs for evaluation. A 
total of 88 countries are now testing nearly 34(0 clones in advanced 
selection and variety trials. These clones have resistance or 
tolerance to frost, cyst nematodes, leafroll and X and Y viruses, 
late blight, bacterial wilt and heat. 

From the outset, CIP scientists have assessed developing coun
try potato troblems and determined yield restraints to better
 
orient their hreeding programs. Such orientation is not easy con
sidering the potato is vulnerable to some 265 diseases and pests as
 
well as climatic stresses and soil nutrient deficiencies and tox
icities.
 

Results so far have confirmed CIP's breeding strategy. It nor
mally takes 10 to 15 years from the first cross to get a variety into 
farmer's fields. Now, after 12 years, useful material *s being
distributed by CIP at an accelerated rate. New sources of pest and 
disease resistances from the World Potato Collection should be in a 
useable form within the next 3 years. 
The gene pool of wild species is being evaluated to find new 

sources of resistances to biotic and abiotic stresses. 

Germplasm Di' ","',utionand 
National Programs 

Germplasm Distribution 
CIP attempts to fit the genetic nature and potential of its improv

ed germplasm to the needs of the countries re(questing material. 
The form in which genetic material is exported must also match the 
management capability of the recipient country to assure its effi
cient use. 

CIP's unique quarantine system and procedures are briefly 
described in the sections on viruses and tissue culture. 

Regional Germplasm Redistribution Centers provide the basic 
system for testing, multiplying, and distributing selected genetic 
materials to national programs. Selected clones have a greater
possibility of being well adapted to the environmental conditions of 



Out of CIP's tropicalizedgermplasm some new 
varietiesaregoing to be addedto ourrecommend

6 , ed list soon. The b.Lsic seed potatoes have already 
reached the seed Tultiplicationprogramme. 

- Kamal Uddin Ahinad, Bangladesh. 

64 
neighboring countries than materials selected under completely 
different environmental conditions. 

Two Regional Germplasm Redistribution Centers are now opera
tional, one at the Quarantine Station of the Kenya Agricultural 
Research Institute (KARL), at Muguga, outside Nairobi, and the 
other at Santa Lucia, near Los BaThs in the Philippines. 

National programs capable of carrying out the various phases of 
germplasm management can also receive directly from CIP's 
breeding program larger samples of segregating populations and 
advanced clones fo' testing and selection. A Regional Redistribu
tion Center also sends clones selected in the regions to CIP head
quarters for use in breeding subpopulations with greater adapta
tion to the environments in which they were selected. 

To increase efficiency of this system, CIP offers intensive train
ing courses in germplasm management to scientists from national 
potato programs. A total of 187 scientists has been trained in 
germplasm management. 

CIP yearly distributes large amounts of improved germplasm 
produced under stringent export quarantine conditions. In 1983, 
for example, germplasm was sent to 53 developing and 17 
developed countries. Before distribution, these materials are con
stantly checked for viruses and a viroid which might be the result of 
accidental contamination. Indicator plants, serology, elec
trophoresis, and electron microscopy are used to check for viruses 
and the potato spindle tuber viroid (PSTV). 

Two principal types of genetic materials are distributed by CIP's 
breeding program: 

1. 	Heterogeneous advanced populations as true seed or as tuber 
families. They are genetically variable and segregate for en
vironmental adaptation, pest, disease and stress resistances or 
tolerance, earliness, and tuber quality factors. Tuber families 
are produced from hybrid true potato seed and in most in
stances are prescreened in early stages of their production for 
resistance factors. 

2. 	 Clones selected for specific adaptation to certain stresses or 
for their disease or pest resistance as pathogen-tested tuber 
samples or as in vitro plantlets. 

CIP has a collection of 150 pathogen-tested selected varieties and 
advanced clones which originated either from CIP's breeding pro
gram or are introductions from other breeding programs subject to 
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CIP's scheme for seed production, testing and distribution. Some
 
have resistance or tolerance to two or more biotic or abiotic
 
stresses. Of the 160 selected clones, 16 carry combined resistance
 
to late blight and bacterial wilt, 81 are late blight resistant, and 11
 
are heat tolerant and early maturing.
 

National Programs 
Seventy developing and 18 developed countries are using CIP's 

improved germplasm, evaluating its performance in advanced 
clone and variety trials or using it as parental stocks for their own 
breeding programs. In 1983, a total of 43,000 tubers of clones and 
tuber families and 379,000 true potato seeds were airfreighted to 
70 countries (Table 7). 

Eighteen developing countries now have potato breeding pro
grams capable of making their own crosses. More than 30 countries 
have identified promising clones and 22 have released new 
varieties from material received from CIP. Initially most of these 
originated from other breeding programs linked to CIP through
research contracts. Increasingly, however, they originate from 
CIP's breeding program. Principal characteristics of these new 
varieties are resistance to late blight and bacterial wilt, adaptation 
to warm environments, and earliness (Table 8). 
Late Blight Resistance 

Late blight, caused by the fungus Phytophthorainfetans, is the 
most damaging disease of the potato worldwide. Its control with 
chemicals is possible but costly. Several developing countries can 
plant potatoes only during the dry season or in colder climates 

Table 7. Germplasm distribution 1983 

Countries in CIP regions 
Latin Sub- Other 
Amer. Africa Asia Total Count. Total 

Countries receiving

germplasm from CIP 15 16 22 53 17 70
 
Clones distributed
 

Tubers 404 373 248 1,025 32 1,057

In vitro clones 9 18 50 77 167 244
 

Tuber families distributed
 
Number 382 366 160 908 42 
 950 
Genotypes (000) 18 9 10 36 6 42 

True seed distributed (a)

Samples 170 0 27 197 60 
 257 
Genotypes (000) 17 0 15 32 7 39 

True seed progedies distyibuted (b)

Samples 13 10 35 58 10 
 68 
No. seeds (000) 42 34 280 356 23 379 

a. True seed for selection of potential varieties. 
b. True seed for agronomic and adaptation studies. 
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The biggest arm of CIP is perhaps the regional 
researchand trainingprogrammewhich appears 

( ( to be extremely importantfor activitiesof the na
tional level. 

- Kamal Uddin Ahmad, Bangladesh. 

because of late blight. Prior to CIP, breeding for resistance to late 
blight was mainly in developed countries in collaboration with a 
Mexican screening program. So/anum dentissum was the principal 
source of resistance but unfortunately includes resistance genes 
liable to be overcome by mutants of the patnogens. 

CIP is developing new clones based on late blight resistance from 

Table 8. CIP germplasm introductions and source of clones 
released or named by 22 developing countries to 1984. 

Clones released Major 
Countries or named* characteristics 

Latin America 
Bolivia Mariva (lPeru) CQ 
Colombia ICA Sirena (7.10, Wisconsin) L13 
Costa Rica BR (3.65 (Wisconsin) LB,BW,PLRV 

1-71-2,10.2 (Argentina) LB,PLRV 
EIcluadorl INIAP-Bastidas (377520:1, CI11) LB 

El Salvador India 830 (India) LB 
Peru 	 Molinera (BR 63.65, Wisconsin) LB,BW,IPIRV 

Caxamarca (BR 63.74, Wisconsin) LB,BW,PI ,RV 

Amapola (BR ?, Wisconsin) LB,BW 
lerricholi (IP-3, CII') LB 

Africa 
Burundi Sangema (Mexico) LB 

Kinigi (378699.2, (IP') LB 

Ethiopia Anita (Mexico) LB 
Malagasy Zariva (Peru) CQ 

CFK-609.1 (Mexico) LIB 
BR 63.76 (Wisconsin) LB,BW 

Malawi 	 Rosita (Mexico) LB 
CFK{-(9.1 (Mexico) LB 
BR 63.76 (Wisconsin) LB,BW 

Mozambique i)TO-28 (Wisconsin) liT,Early 
Nigeria BR (13.76 (Wisconsin) LB,BW 
Kenya BR 63.70 (Wisconsin) LB,BW,PVY 

1-1035 (Indial 	 LB 
CGN-69.1 (Sweden) LB 
ASN-69.1 (Mexico) LB 
America (MS ?, \Visconsin) LB,BW 
Mariva (Peru) CQ 
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Solainum phureja and Solanuin (ndigeal that is expected to be
 
durable. Because late blight is universal, resistance is incorporated
 
into all breeding populations. Screening for long lasting resistance
 
requires that seedlings be exposed to a wide variation of fungus
 
strains. Thus, thousands of seedlings produced at CIP in Peru are
 
screened initially under quarantine at CIP's highland facility.
 
Selections are then sent to Rionegro, Colombia, where a CIP scien
tist in collaboration with Instituto Colombiano Agropecuario scien
tists subjects clones to field selection pressures. The best clones are 

then sent to Mexico for final screening.
 

Thirty-six varieties have already been selected by national pro
grams for blight resistance (Table 8). For example, in Peru, Cax
anarca, Molinera and Amapola are now widely grown in an area
 
where severe late blight has been a limiting factor. As a result
 
potatoes are now displacing other crops, pasture and forest, and
 
for the first time what was essentially a subsistence farming region
 

Clones released 	 Major 
Couptries or named* 	 characteristics 

Rwanda 	 Gahina (NMurca, Mexico) Ii
 
Kinigi (378699.2, CII') LII
 
Nseko (65-ZA-5, Mexico) Li
 
(;asor ((raso-28, lcitgiun) I.I
 
Montsac a (Mexico) L,',Early
 
Sangema, Mexico I B
 

Senegal Naatuange (I)T().33, Wisconsin) liT'I,Early

Tanzaniat (C(N-69.1 (Sweden) lIB
 

Mariva (Peru) CQ 
liR 63.76 (Wisconsin) LIIBW 

Zaire 	 Sangenm (Mexico) [Il
 
Molh sania (Mexico) Il,Early
 
Kinigi (378699.2, CII') LIB
 

Atziinha (Nexico) 	 11B 

Nseko (65-ZA-.5, Mexico) LI3 
ilR i3.76 (Visc.) 1III3XW 

Asia 
Fiji I)omoni (lif (9.84, Wisconsin) LII,1W,I'LIRV
 
Nepal CF,1-69.1 (Mexico) LBiWart
 

F 9!.1I LIIWart
(Mexico) 
NPl- 106 (Gerniany) LII, Wart,I LIV,PWY 

NPI-108 (Germany) LB.Wart,IPLRV,P'VY 

Sri Lanka Sita (.1085, India) LI, 1I'T'
 
Krush1i (1-822, India) LII,ITI
 

Turkey Zeyhek (378702.3, CIP) I'LRVI'VY
 

Yayla Kizi (3805,13.2, CII') I'L.V,PIVY
 

Vietnam 	 Dalat 001 (CFK-9i9.I. Mexico) Li
 
L)alat [100 (1-71-2,10.1, Argentina) LIB,I'IX'lV
 

l)alat 012 (Atzimba, Mexico) I,1l
 

Abreviations: CQ = cooking quality. L1 = late blight resi::tance. BW = bacterial 
wilt resistance. PLRV = resistance to potato leaf roll virus. PVY = resistance to 
potato virus Y. Er = heat tolerance. Wart = resistant to wart. 
*Only 36 of the 54 chnes listed are different. 

http:I)T().33
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... support in the study of nematodes is con
siderablein that this is one of the main pests en

, countered in potatoes in all of the mountainous 9 
areaof the country. 

- Eduardo Ortega, Venezuela. 

is now supplying the cities of coastal Peru. The highly late blight
resistant variety Perricholi recently released outyields other 
varieties. 

In Rwanda, the blight resistant varieties permit earlier potato
planting during the rainy season, thus increasing yields. Fiji has 
selected Domoni while Sri Lanka has named Krushi and Sita. 
Three more clones are being considered for release in Peru, one in 
Kenya and several in Rwanda. 

Bacterial Wilt Resistance 
Bacterial wilt caused by Pseudomonas solanacearumis the se

cond most important limiting factor to potato production in the 
world's tropical belt. No chemical control is available. The first 
breeding program started at the University of Wisconsin, with 
which CIP early became associated. 

Resistance to bacterial wilt is influenced by a complex pathogen
host-environment interaction, so CIP's breeding populations in
clude wide variation which must be tested for final selection in each 
region or country. The initial source of resistance, Solanum 
phureja, performs well in cooler climates such as the tropical 
highlands. Additional sources of resistance for higher temperature
conditions combined with resistance to root knot nematodes are 
under development. 

Bacterial wilt prevented potato cultivation in Fiji until the 
release in 1983 of the dual resistant variety Domoni permitting r3
establishment of this agricultural activity. In Huanuco, Peru, CIP 
clone 800942 developed for wilt resistance has also shown heat 
tolerance and leafroll virus resistance, thus permitting expansion
of potato production into a new area. CIP clones have also shown 
resistance to bacterial wilt in Sri Lanka, Nigeria, Nepal, Indonesia, 
Kenya, Egypt, and Brazil. 

Resistance to Cyst Nematode 
Yield loss due to cyst nematode is correlated with levels of in

festation. Two tons of potatoes are lost for every additional 10 lar
vae/gram of soil above a threshold of 10 larvae per gram at 
planting time. When field equilibrium is reached yields are 
minimal. In general more frequent potato cultivation means 
greater loss from cyst nematode. 

Plant-host resistance is one of the most effective and economic 
means to control cyst nematode. 
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Cornell got into this areaof research[root-knot

nematode resistance]solely because of CIP con

6 tract and interest in adapting the potato for 9 9
 
lowland tropics.
 

- Robert L. Plaisted. Cornell University. 

Breeding for cyst nematode (Globodera rostochiensis)resistance 
in Europe began aft' r discovery of resistance in Solanum 
tuberosum spp. andigama and Solanrum vernei. Breeding programs 
are now in Europe, L.K., Russia, and the U.S. However, resistance 
incorporated into varieties in Europe is ineffective in the Andean
 
region. Unfortunately, no third world country has a breeding pro
gram for nematode resistance.
 

One of the first programs CIP established was to search for 
sources of resistance to the species and race spectrum of cyst
nematodes in the Andes where Globodera pallida predominates,
and. for which there were no resistant varieties. A second impor
tant cyst nematode species is Globoderarostochiensis,especially its 
common European race which occurs in countries where European
potatoes were subsequently introduced - Chile, Venezuela,
Panama, Japan, India, the Philippines, Morocco, and South Africa. 

CIP is optimistic that with new resistance sources now identified 
in wild species and with the breeding procedures in place, the use of 
resistant varieties will dramatically raise yields. 
Resistance to Virus and Viroid Diseases 

Virus diseases have been documented to cause up to 80% loss in
 
yield. Virus breeding at CIP seeks resistance to viruses that are
 
most damaging to potato crops in developing countries. Because
 
potatoes are propagated vegetatively, seed tuber production usual
ly cannot be isolated from consumer production areas and the con
trol of virus transmission is lacking or erratic.
 

The most important viruses are potato leafroll virus (PLRV) and 
potato viruses X and Y (PVX, PVY). PLRV and PVY, which 
generally occur together, are the most serious, being transmitted 
easily by aphids even with low aphid populations. 

It has been possible to select PLRV resistant materials that are 
also immune to PVY by graft test. Many clones are also immune to 
PVX. An increasing emphasis is being placed on early maturity. In 
addition, at three field sites in Peru - coastal desert, temperate
alpine, and high jungle - several clones have shown good adapta
tion over all sites. These are of special interest for exportation to 
national programs. 

Clones showing good agronomic performance as well as verified 
virus resistance are submitted to the pathogen tested clone pro
gram where they are passed through shoot-tip culture and 
multiplied in a pathogen-free state for export to national programs. 
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Since 1977 segregating progenies have been sent to the Turkish 
National Potato Program for exposure to virus and subsequent 
selection. A number of clones have reached the stage of Turkish 
regional testing where several clones yielded significantly more 
than the standard test cultivar Isola. In Eastern Turkey, near 
Erzururn, an (lndigefa x tuberosum hybrid has been the highest 
performer. The Turkish National Potato Program has named two 
varieties from CIP's virus resistance breeding program. Virus 

resistance selection progrtms are active in 10 other countries. 
A collection of PVY immune clones has been assembled by CIP. 

These are highly variable in genetic background and show a range 
of maturities an(d a(aptations. In certain cases other resistances 
have been com;ined with PVY immunity. 

Evaluation of selected clones for PLRV resistance has led to an 
increase of mean resistance from 30% to 64%, an increase of 114%. 
New stronger types of resistance to PLRV have been discovered in 
Solanum acaule and Solnim ,tuberosum. 

Resistance to the potato spindle tuber viroid from Solanrum 
acaule has been incorporated into synthetic hexaploids that are fer
tile and crossable with cultivated / uberosum. 

Breeding Potatoes for Warm Environments 
From its beginning, the International Potato Center recognized 

the potential of the world's warm tropical areas to increase potato 
production. A breeding program to develop genetic material 

National Program "Matures" in 7 Years 
Izmir, Tu rkey - lv long does it Selection of T'u rkey as the germ

take for a national odatoiirogram plastn prescreen ing center for the 
of an internation alricultural region maIde it necessary to rapidly 
research ceniter to beClome fu lly build1p earpabilities of national pro
operational? gramii personnel. This was done 

after 1975 through graduate degree 
Thele is 11 set sChtiile but in tile IWOigram s, Cxten ded training at 

case of, the Turkish national potato potato research institutes in 
lnogra in it was less than 7 years. developed countries, short coilurses 

;b0road;, id huinre11. Is particiljating 
The program began il colltah'I- li ill-ciIuntrV couri'ses. 

tion with the International lotlato 
Center (CI[') in 1975 when a The first regional gerilplasni 
Regional office was established course ivi 1982 was attended y 10 
with a resident CIP scientist at Turlkish agrono mists along with 1(C
'Turklcy's Men eniev le Ieital frin other countries.EXexei Iarticipants 
Station near IZillir ol the Mediter- By thi:; time CIP's regional staff 
rean seacoiast. hld ill rCase(I to 1o1tn'. Gerl las111 

was heing iitroducC ilon an annual 
Turkey, the region's largest 1ro- Ibasis as tubler families and clones, 

ducer of potatoes was considered and a large germplasm ewaliation 
logical hieadquarters for the Middilie program had emerged, covering a 
East and North Africa. Potato total of about 5 hectares at two ex
disease and stress problems there periment stations. 
were similar to those elsewhere in 
the region. National program personnel plac



adapted to warm tropical conditions started early at CIP with 
about 6,000 commercial varieties and breeding lines from 
throughout the world tested at the mid-elevation ixperimental site 
in 	San Ramon. Only 34 of those were selected as tolerant and were 
taken to CIP's Yurimaguas experimental site in the warm tropics 
of tile Amazon. 

In Yurimaguas only four clones survived the test: the only 
character they had been selected for was adaptation to warm and 
humid conditions. These four genotypes, however, were not resis- 71 
tant to bacterial wilt and other important diseases common in 
Yurimaguas. 

The next steps were to increase the frequency of clones adap
tated to warm conditions and combine them with resistance to im
portant diseases of that zone. 

Experience accumulated from this blreeding program indicates 
that selection for warm climates must be combined with selection 
for the following attributes: 

* 	 Earliness: 60- to 75-day growing period.
 

H
high yield: This must be considered in relation to earliness of the
 
material; stability of performance is sought.
 

* 	Resistance to bacterial wilt, root knot nematode, PVY, and PVX.
 
Experience has shown that resistance to late blight, originally of
 
high priority, is not a problem in warm climates. Selection for
 
resistance to potato tuber moth has now been
 
added to the breeding program.
 

* 	Acceptable tuber quality, especially dry matter content, which is
 
lowered by heat and excess humidity.
 

ed highest breeling priority on An indication of progress: yields 
selection of new varieties resistant of two new virus resistant Turkish 
to two of the otato's nIost Ian iag- varieties selected tf'ri1 CIIl tuler 
ing diseases: potato viruis "Y" famiies surpass tho se if Isola and 
(PVY) and potato leaf roll virus Resy, two popular local cultivars 
(PLIRV). They started an aggressive 1'rmn (;ermany and the Netherlands 
screening program under heavy il- gr-,Wn in western Turkey. ()ne nlew 
fection pressure which led to rapid variety, Iianed Yoyla Kizi, yielded 
rctuetions in nol n bers oi' gemItyI es 65 toils per fectIre (OlareId with 
left over. A small amiount (f Isola's 47 tols and Resy's 25 tois. 
material continued to, be healthy In anither trial in 1983, the new 
and yield well after several in fectiin Zeyhek v;riety ki GO tons Ier 
trials hectare, Isola 37 t(ins, an d1R'sy 24 

When it was decided in 1982 to tolls. 

move CIP's regional office 'rimi The relationship between C l md 

Menenlen, 'i'Tirkey to Cairo, Egypt, the 'Turkish National potato pro
the Turkish national potato pro- gra in has changed since 1982. Now 
gram had a system in place with CI contracts the Turkish prograi11 
trained people to iitrodLce germ- to Cevalunate gem11plasin for the 
plasm and select new varieties. In region. This research contract in
1983 the Turkish National Potato eludes the use of, shoot tip culture 
Program sent a scientist for train- and patf1igel cradicatio n techni
ing in crossing techniques at CIIP ques to provide pathigen-I'-ce 
headquarters. Upon his retui-n, stocks of promising clones that can 
crossing was successfully hegun at be accelpted by quarantine services 
the Eskisihir Station. of other countries in the region. 
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Vender in a 
local market. 
(Nepal) 

Maintenance of a wide genetic base was probably the major fac
tor in obtaining populations adapted to warm climates. Sufficient 
genetic variability in a wide genetic base led to improvement of 
earliness, a highly desirable character for growing potatoes under 
stress conditions, especially heat. 

The current stage of the breeding program for adaptation to 
warm conditions is a measure of rapid progress, with hundreds of 
adapted genotypes ready for testing plus large populations now be
ing evaluated in several national programs. 

Frost Resistance 
Low freez)i-g temperatures are primary factors controlling

distribution and productivity of plants. In Colombia, Ecuador,
Peru, Venezuela, and Bolivia approximately 308,000 of 563,000 
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hectares of potatoes are grown at altitudes higher than 3,000 
meters where freezing temperatures occur frequently. Countries 
other than the Andean zone where frost may be critical during a 
growing season, particularly in high elevations or because of early 
or late planting, include southern Brazil, Turkey, Bhutan, 
Pakistan, Nepal, and Papua New Guinea. 

Generally, potatoes do not survive temperatures lower than - I OC 
for several hours. If cultivars can be obtained to survive 
temperatures of' 30 C to 40 C (luring 2 to 3 hours, losses to frost 
can be greatly minimized. Two breeding populations are being
developed. One, for the Andean highland tropics, has resistance to 
major diseases and frost stress. A subpopulation meets needs of 
non-Andean highland tropics and sub-tropical cool environments 
where tuberosum-type potatoes have caused the adoption of crop 
standards different f'row those of Andean countries. 

Teamwork in potato transport. Sri Lanka. 

"INS! 
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Efforts to cultivatepotato locallyearlierwere not 
successful due to bacterial wilt ... commercial 
cultivation of potato ceased several years ago. 
With wilt resistant/tolerantvarietiesfrom CIP, '' 
researchhas been revived... 

- N. P. Patel, Fiji. 

For the Andean highland tropics an advanced breeding popula
tion has been developed with frost resistance, good ability to thrive 
under low temperatures, and tolerance to nail. 

Since 1980, non-Andean tropical highlands and sub-tropical cool 
environment areas have been studied for early maturity and frost 
resistance. A frost-resistant sub-population was screened for 
potential earliness and adaptation to longer daylength (15 hours) 
by a rapid leaf-node cutting technique. Long day segregants 
tuberized under long day conditions in the greenhouse while short 
day segregants formed shoots and roots. Field tests at Osorno, 
Chile (latitude 400 south) confirmed the efficiency of the screening 
method. Selected high-yielding clones of good agronomic type are 
undergoing further regional testing in Chile. Similar frost and 
blight resistant material has been sent to Turkey (latitude 350 
north) for additional testing. 

National programs of four Andean countries - Peru, Bolivia, 
Ecuador and Colombia - are involved in testing frost resistant 
genetic material as segregating tuber families for final on-site 
selection. Other non-Andean countries such as Bhutan, Nepal, 
Kenya, Pakistan, Papua New Guinea have also received frost resis
tant material from CIP during the past 8 years. The Peruvian 
Potato Program, at its request, is relying on CIP for breeding 
material developed for the highlands with resistance to frost and 
specific disease. The final testing for frost resistance is performed 
in collaboration with Peru's National Program at a farm station at 
3,900 meters altitude. Selection of frost resistant clones is followed 
by national regional network trials. Selected frost resistant clones 
are entered into a new recombination cycle by CIP. 

Agronomy for Warmer Climates 
Highland zones have fragile ecologies and limited areas suitable 

for crop production. Consequently, policy makers in many develop
ing countries hope to expand potato production rapidly in warmer 
lowland areas where approximately half the world's population 
lives. This requires not only adapted varieties but appropriate 
agronomy. 

Local production has been limited mainly due to lack of varieties 
adapted to heat stress, resistance to bacterial wilt, and guidance on 
how to cultivate the crop. Because the areas were not typical for 
potato production, agricultural extension services and individual 
farmers lacked knowledge on the production of potatoes. In 1979 
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The influence of CIP in providingnew methods of 
virus detection has been important for Argen- ,'9 

tina. 
- Americo Mendiburu, Argentina. 

CIP's tropical agronomy program began with the major objective
 
to generate practical agronomic information as quickly as possible.
 
Experiments were set up at three of CIP's experiment stations in
 
Peru typifying distinct low and mid-elevation tropical climates.
 

An important factor for satisfactory yields in any warm climate
 
in which research has been conducted is use of high quality seed
 
tubers in the correct physiological state that permit vigorous
 
emergence and early ground cover. Tuber yield may be reduced by
 
up to 30% when lowland seed is used instead of highland seed.
 
Good seed quality ensures a satisfactory number of stems at
 
emergence, quick emergence of leaves and branches and a rapid
 
cover over the soil by the foliage. Adequate ground cover reduces
 
radiation reaching the soil surface to heat the soil and allows the
 
plant to intercept all incoming radiation for conversion to dry mat
ter.
 

Emergence and crop cover is improved by correct planting depth 
and shading by intercrops such as maize. Closer than traditional 
spacing hastens crop cover over the soil surface. Mulch effects on 
tuber yield are beneficial especially during dry seasons. Mulching 
improves efficiency of conversion of radiant energy to dry matter, 
an important consideration in warm climates. Intercropping 
studies have generated information on controlling insect damage. 
Certain rotations with pasture grasses reduced the incidence of 
bacterial wilt as also does non-hilling. 

In developing country programs much of what has been research
ed at CIP is now being evaluated, initially in areas free of bacterial 
wilt. Results generally confirm those from Peru. Close contact with 
trainees in national programs help in quick information exchange 
on effectiveness of genotypes and agronomic techniques suitable 
for local conditions. 

Virus and Viroid Detection and Elimination 
At least one viroid and 25 different virus diseases have been iden

tified on potatoes. Undoubtedly, potato leafroll virus (PLRV) and 
potato virus Y (PVY) cause the greatest yield losses and are the 
most widespread of all viruses. The potato spindle tuber viroid 
(PSTV) is primarily of quarantine significance, although in some 
locations it may become epidemic. 

Control of virus and viroid diseases is based on exclusion and 
prevention rather than cure, necessitating sensitive and reliable 
methods for detection. Elimination of viruses from infected 



CIP virus detection methods... have permitted 
us to rapidly check a large amount of samples
and permits us to confidently preserve health of 9 
materialCIP has sent to us. 

- Eduardo Ortega, Venezuela. 
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cultivars provides the means of starting healthy nuclear seed 
stocks. Incorporation of resistance genes reduces or prevents in
fection. Any successful virus-elimination program depends on sen
sitive diagnostic tests. 

The Latex test. 
A serological method that uses antibody-sensitized latex particles 

wa3 modified at CIP to better suit the test to routine virus detec

Low-Cost Virus
 
Testing Kit
 

Lima, Peru - Scientists have Potato Center (CIP). The kits are 
developed a truly mobile virus not for sale commercially, being
testing laboratory, small enough to available only through the Lima,
be carried in one hand, and costing Peru-based agricultural research 
only $250. organization or its regional offices 

The "ELISA Kit," named for worldwide. 
enzyme-linked immunosorbent So far 39 ELISA Kits have been 
assay, is effective in detection of distributed to 13 developing coun
potato leaf roll virus (PLRV) and tries requesting them: Venezuela,
potato virus "Y" (PVY), which Brazil, Uruguay, Argentina, Burun
cause severe losses in potato yields di, Egypt, Tunisia, Bangladesh,
in most producing areas. Viruses India, Philippines, Mexico, Cuba, 
are disease agents so small they can and China. 
he seen only with the aid of an elec
tron microscope. The minilaboratory - designed

The kit developed by for use almost any- placeallows for acwas table can be set up a small 
virologists at International curate virus detectione othe tbecnb p-alw even cwhere 

sophisticated laboratory facilities 
are not available. 

Virus detection is necessary in 
seed potato programs being set up 
in developing countries attempting 
to enhance food supplies. CIP's 
ELISA kit was designed to help 
these programs succeed. 

National programs in some in
stances are "cleaning" up old seed 
supplies by various methods learned 
through collaborative research with 
CIP. In most cases they want to 
multiply virus-free potato tubers of 
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The value of these virus detectingmethods... is
 
that in four local cultivars preferred by con

4 6 sumers because ofsmall size and otherattributes, 9
 
viruses have been eliminated...
 

- Kazi Badruddoza, Bangladesh. 

tion. The test is at least 1,000 times more sensitive than
 
microprecipitation tests, is easier to apply and does not require a
 
microscope.
 

Enzyme-linked immunosorbent assay (ELISA) 
Development of ELISA to detect plant viruses was first describ

ed in 1977, the same year it was applied at CIP. In comparative 
studies with other serological tests ELISA supersedes the sen-

ELISA kit and mailing cr.'ten (facing page). Most items are color coded. 
Microtiter plate (below) placed over numbered sheet to help identify samples. 

new, adapted varieties. Having a more economical, a system to wash 
low-cost "laboratory" available to and re-use the plate has been 
detect viruses and then to apply developed. 
methods to eliminate diseased Every item needed for virus 
plants enables national potato pro- testing is supplied with the kit from 
grams to make positive, more rapid color-coded glass pipetLfes, to plastic 
advances in potato seed improve- bags over which an ordinary pencil 
ment. is rolled to mash plant parts, to 

The small laboratory or kit took small bottles containing chemicals. 
about a year of research and The instructions contemplate use 
development. Of the more than 60 of the kit undera wide range of con
individual experiments it took, oft i tFor a e n e f 
some were to find out effects of ditions. For example, they note, "If 
water type, incubation at room distilled, dc-ionized, or rain water is 
temperature, capability of with- rot avilable, tap or well water can 
standing delayed transport, and lbe used.' Then certain precautions 
adverse storage conditions. In other are listed. 
words, the kit was designed to 
stand up in less-than-ideal condi
tions frequently encountered in 
developing countries. Of major im
portance was to make the kit simple 
to use, because only in the past 5 M 
years has virology training been 
readily available at C IP for develop
ing country scientists. 

The most expensive single item in 
the kit is the plastic microtiter plate 
containing small "wells" into which 
drops of chemicals and ground-up 
plant parts are placed. The cost of -: 

this item has been reduced to rock i.4 ., 
bottom, and to make its use even 
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... internationalorganizationsand commercial 
firms have a particularrole to play in setting 
andmaintainingexactinghealth standardsof the 

6 	type now enforced by the InternationalCentrefor 
potato research when distributing breeding 
stocks around the world. 

-	 J. N1. Thresh, Applied Biology, 1980. 

sitivity of other methods. E LISA detects viruses in tuber tissues, is 
a quantitative test readily automated and can be used for field 
detection of viruses. ELISA "kits" for use in developing countries 
have been designed at CIP headquarters. 

Electrophoresis. 
Lack of a protein coat on viroids such as PSTV prec'udes the use 

of serology. However, because PSTV is a small nucleic acid, it can 
be detected by electrophoresis. The most important recent develop
ment by CIP is use of a silver-based color staining of nucleic acid 
bands in gels following electrophoresis. This procedure increases 
sensitivity of detection of PSTV by electrophoresis by 32-fold. 

Nucleic Acid Spot Hybridization Test. 
The test required development of DNA complementary to the 

potato spindle tuber viroid (PSTV) sequence. The technique is 
highly sensitive and allows detection of PSTV at levels of one 
trillionth of a gram. 

Such a sophisticated test is not directly applicable for developing 
country use, but it is essential for CIP to ensure the pathogen-free 
status of its material for international export. For this, CIP pro
vides a Phytosanitary Statement with all export material assuring 
sanitation standards exceeding those required foi commercial 
quarantine acceptance by an importing country. CIP's Quarantine 
Statement is unique among international agricultural research 
centers. 

Importance of Undescribed Viruses 
Eight novel viruses have been identified at CIP. Because their ef

fects on the potato outside the Andean region is uncertain, elirnina
tion of these viruses from material for export is important. 
Elimination would have been impossible without identification of 
these previously unknown viruses. 

At CIP the development of improved methodologies for virus and 
viroid detection and elimination has increased reliability of the 
health status allowing more rapid production of materials in the 
pathogen tested seed program. Production of an antiserum specific 
for routine diagnosis of the bacterial wilt organism, Pseudomonas 
solanacearunz, has also been made possible through expertise 
developed in virology. 

Simplified serological techniques permit developing countries to 
make use of ultrasensitive methods for virus and viroid detection 



The policy of CIP to stimulate improvement of 
potato production in developing countries land] 

6 also influencing activitiesin industrializedcoun- , 
tries where potato research and training is im
portant, has proved to be very successful. 

- I). E. van der Zaag and ltenk Beukema, The Netherlands. 
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with a consequent improvement in health of their crops. For exam
ple, Brazil, Colombia and Tunisia are now producing their antisera 
with CIP help. In Peru national potato program scientists produce 
their own antisera using CIP facilities, technoiogy and supervision. 
Supplying antisera and direct training of scientists and technicians 
from developing countries on methods for virus detection and 
elimination has been conducted by CIP since 1972. Thrcugh seven 
virus training courses at least one member from each developing 
potato program has been trained in techniques for virus detection 
and elimination. The wide applicability of CIP's virus technology is 
indicated by requests for training scientists and technicians work
ing with other crops. 

During the past 5 years CIP has supplied developing countries 
with sufficient antisera for more than a half million virus tests 
(Table 9). 

European countries, Canada, and the U.S. have requested 
antisera samples from CIP for use in quarantine services for 
several viruses including APLV, APMV, PBRV, and PVT. The 
training of scientists from developed countries in techniques for 
viroid detection reflects interriatiohal recognition. Through im
proved technology for virus and viroid detection and elimination, 
acceptance of CIP gerniplasm by quarantine units with no or little 
virus testing is de facto recognition of high sanitation standards. 
The value of this germplasm for improvement of potato cultivars is 
evident. The application of CIP's technology for eradicating PSTV 

Table 9. Distribution and antibody sensitized latex for virus 
detection tests in developing countries. 

No. No. test i x 1000
 
Year Countries P1VX PVY PVS APLV APVM*
 

1979 15 6.3 6.8 5.5 3.0 3.0 

1980 16 12.2 12.2 12.2 4.3 4.3 

1981 14 20.3 19.8 19.3 2.0 1.5 

1982 22 99.0 92.1 92.0 10.6 10.6 

1983 16 46.2 43.1 17.6 8.5 11.4 

TOTAL 184.0 174.0 176.6 28.4 30.8 

*PVX, PVY, PVS = Potato viruses X, Y, and S, respectively; APLV = Andean 
potato latent virus; APMV = Andean potato mottle virus. 
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from infected materials is now being attempted in other countries. 
Its applicability to eliminate viroid diseases in other crops is also 
being explored. 

Safe, Effective Insect and Nematode Control 
Insect Control 

Pest damage to potatoes in field and in storage is a major con
straint for potato production in the developing world. Pesticides 
are a costly input and overuse contaminates the environment. 

Control of potato pests at CIP emphasizes resistant varieties and 
management techniques that improve control while reducing insec
ticide use. CIP's regional research, consultants, and national 
potato programs form a natwork of information exchange for in
sect identification, control, and for establishing research priorities. 

Potato tuber moth (PTM) currently receives major attention 
from CIP because of its heavy damage worldwide in field and in 
storage. Potato tuber moth (Phthorimruea operculella) several 
years ago was a pest mainly in warm enviro-oments but severe in
festations have now been reported in cooler areas, such as in 
highland Peru, Colombia, Kenya, and Nepal. PTM is now found in 
every developing country where potatoes are grown. Detailed 
reports on the pest's biological and damage potential come from 
every CIP region. The insect has high reproductive potential, insec
ticides often fail to directly prevent tuber infestation, it shows in
creased resistance to insecticides, and commercially-grown 
cultivars are highly susceptible. 

Although barely 5 years old, CIP research on potato insects, par
ticularly potato tuber moth, has established creditability in building 
an effective pest management program. A total of 22 primitive and 
21 wild resistant potato accessions, has been selected after screen
ing thousands of clones in CIP's World Potato Collection and from 
a U.S. university. They are now used in breeding resistance to pre
vent both tuber damage and successful pupation of the pest. 

As part of an integrated control program CIP has developed a 
simple laboratory procedure to impregnate small rubber caps with 
potato tuber moth sex pheromone. The rubber caps are used with 
either funnel, water or sticky traps to monitor and detect first oc
currence of potato tuber moth, facilitate proper use of insecticides 
if necessary, and in direct control. Tuber damage by potato tuber 
moth is significantly reduced in both field and storage by 
pheromone traps. Two CIP experimental stations regularly use sex 
pheromones to monitor and mass trap potato tuber moth to reduce 
inr.ccticidle use and obtain better pest control. 

In collaboration with Peru's national potato program and the 
Peruvian National Agrarian University, CIP has identified two 
potential potato tuber moth parasites. Populations of one parasite 
collected in Peru, are being reared for testing in other countries. 
Cyprus and Zambia are two countries roporting good results in 
biological control use of Copidosoma koehleri, collected in ,uuth 
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Sex pheromones (at
tractants) of the 
potato tuber moth are 
impregnated on small 
rubber caps (right) 
which are attached to 
traps. (Photo below) a
"sticky" type trap us
ed for capturing as 
well as monitoring in
sects. 

America. Mixed cropping has consistently reduced potato tuber 
moth damage when compared with monoculture. Onion and maize 
are suitable for growing with potatoes. 

Covering tubers with chopped dry foliage of certain locally 
available weedy material provides a physical barrier and repellent 
action against potato tuber moth in stores. Weeds offering such 
protection are Laana sp., often used in decorative hedges in 
tropical countries; Eucalyplus si)., many tropical counfound in 
tries, and Mult (41inthostachys sp.), a weed of the high Andes. A 

9k.k 
.~'. P 
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Biological control of nematodes has enormous
 
potential in Burundi where Meloidogyne spp.
 
are ubiquitous but chemical products are
 

Sunavailable, beyond the financial reach of 99
 
farmers and use up scarce foreign exchange.
 
Other crops would also benefit: sweet potato,
 
beans, peas, and maize. - Mr. Kafurera, Burundi.
 

single pre-storage application of a bacterial-based insecticide dust 
(Bacillus thuringiensis) also controls PTM in scorage. 

Inputs of national programs, usually through CIP-trained per
sonnel, are already evident in potato insect control. Methods 

Moth Traps with Sex Appeal 
Lima, Peru - Developing country A CIP trainee in Mexico produces 

national potato programs col- synthetic tuber moth pheromones in 
laborating in research with the In- a rustic laboratory and then im
ternational Potato Center (CIP) are pregnates them on special rubber 
interested in using sex pheromones caps for use 1i traps on farms - at 
(attractants) as components of low- a considerable sav>ig in cost. 
cost, integrated pest management Farmers in Costa Rica, Mexico, and 
programs. Guatemala have participited in his 

Female sex pheromones ap- field tosts. 
propriately placed in a growing crop Peruvian scientists are preparing 
or storage structure attract male to synthesize pheromones that 
potato tuber moths. Suitable low- would meet anticipated demand by 
cost, easy-to-make traps placed farmers learning of integrated in
nea. by capture males by the hun- sect control methods through per
dreds, helping to reduce both cur- sonnel of the national program. 
rent and future populations. It also The "different" tuber moth in 
helps pinpoint where and when Costa Rica (Scrobipalpopsis 
flights of the insect are occurring so solanivora Polovny) has caused 
that other control methods can be more than $2 million in damage in 
used more effectively, only a small potato growing area. 

Potato tuber moths cause damage Sex pheromones for the species 
worldwide to potatoes in storage have been identified, tested and are 
and in field. Four species are involv- being used by farmers in spveral 
ed. One is especially damaging in countries of PRZOCODEPA, the 
South America and other locations Central American network of 
in the world, another is a major pest cooperating countries. 
in Central America, and the remain- An aggregation pheromone 
ing two are mainly in South one that attracts both sexes - of 
America. the Andean potato weevil needs to 

Sex pheromones that can be syn- be identified and a firm in London 
thesized and manufactured cheaply has expressed interest in 
in relatively large amounts are be- cooperating with CIP in this 
ing tested in Chile, Colombia, Peru, research. Entomologists say the 
Mexico, Costa Rica, Guatemala, In- Andean weevil is especially destruc
dia, Nepal, Sri Lanka, Thailand, tive in Colombia where annually 
Kenya, Rwanda, Tunisia, and more than $22 million is spent on in-
Egypt in collaboration with CIP secticides for control. 
research.
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... with discovery of effectiveness of
 
Paeciloniycs lilacinus against nematodes, our
 

6 6 biological control stvdies seem to be paying
 
dividends...
 

- It.Davide, Philippines. 

developed at CIP for control of tuber moth are now being evaluated
 
on experimental stations in 23 countries and in farm-level trials in
 
nine.
 

In collaboration with a private company in the U.K. a microern. 
capsulated spray has been formulated with a potato tuber moth 
pheromone for use in mating disruption for controlling potato 
tuber moth. This type of formulation can be readily prepared on a 
large scale and easily applied with conventional ground equipment. 
Success in developing insect controls lies in low cost methods en
vironmentally accepfble, and within reach of the small farmer 
served by national pocato programs. 

Biological Control of Nematodes 
Dependable biological control as an alternative to chemical con

trol of nematodes is a long-sought goal. It would help reduce
 
danger of using toxic nematicides, pro, ide a control during lengthy
 
development of resistant cultivars, ease pressure on land use when
 
attempting control by rotation and other cultural methods.
 

CIP first discovered a fungus, Paecilomyces liiacinus, infecting 
eggs of the root-knot nematode, Meloidogyne incognita, in a potato 
field in the highlands of Peru. Early studies showed the potential of 
the fungus as a consistent and efficient biological control agent of 
root-knot nematodes, a cosmopolitan pest of many important food 
and fiber crops. 

Once in contact with the egg masses, the fungus grows rapidly 
and eventually parasitizes all eggs in early embryonic development 
stages. A simple method, requiring minimal equipment, was 
developed for culturing and multiplying the fungus. Additionally, a 
simple procedure was devised for inoculation and evalultion to pro
vide uniformity in the type of data collected. 

CIP collaborates with the International Meloidogyne Project 
(IMP) which includes more than 100 workers in nematology in 70 
countries. IMP helped distribute Paecilomyces lihiciwus to 
nematologists in 46 countries for evaluation: 21 countries in Latin 
and North America, 8 in Africa, 12 in Asia, and 5 in Europe. So far, 
six countries reporting from Asia, Central and South America have 
all said the fungus is effective. 

Following intensive greenhouse studies, field tests showed 
significantly lower root galling of potatoes in fungus-treated than 
in nematicide-treated plots. Seven on-farm trials gave consistent 
results further indicating the potential of Paecilomyceslilacinusas 
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Duringstudies of biological control of nematodes 
S(in Panamaafungus wasfound that was more ef

fective than the one discovered in Peru. 
- Franklin Atencio, Panama. 

an alternative control measure to that of nematicides. Yield of 
marketable potatoes was significantly higher in fungus-treated 
plots than in either control or nematicide-treated plots. 

Three consecutive years of field experiments showed consistent 
reduction of Meloidogyne incognita populations as expressed by
tuber galling. The fungus spread rapidly within experimental plots, 
a desirable characteristic of a successful and competitive biological
control agent. In the field where this fungus was originally 
isolated, after 3 years of cropping of Meloidogyne incognita
susceptible hosts, no nematode could be found infecting the root 
system. 

In an experiment with corn as a rotation crop, nematodes were 
reduced and tuber quality improved in fungus-treated plots while 
the corn doubled in yield compared with control plots. Potato yields 
were highest in fungus-treated plots. 

In on-farm trials the fungus is being tested against other 
nematode species in potato and other crops in different countries. 
In Panama, for example, root-knot nematodes were controlled bet
ter with the fungus and yields were higher than with a nematicide 
in a large-scale trial with tomatoes. Similar results were obtained 
in another Panama trial to control potato cyst nematodes, 
Globodera rostochiensis. In other trials in Peru about half of 
Globodera pallida eggs were either infected or damaged by
Paecilomyces lilacinus during two experimental periods. In an 
orange grove infested with citrus root nematode (Tylenchulus 
semipenetrans)fruit diameter was significantly greater from trees 
in soil that had been inoculated with the fungus. 

In the Philippines the fungus grew abundantly in sterilized mash
ed potato, chopped water hyacinthe plants, ipil ipil (Leucaenasp.)
leaves, and corn grit,;. With these readily-available substrates the 
University of the Philippines is recommending their use for in
troducing the fungus into soil for nematode control. 

Reduction of tuber root galling in fungus-treated plots in farmer 
fields has been the first evidence of a practical biological agent for 
controlling nematodes. Farmers who have participated in the study 
are eager to use biological control against nematodes in crops other 
than potato including tomatoes, beans, and cotton. In the United 
States studies are underway to improve mass production and field 
application of the fungus. 
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Figure 5. 
Tubers (below) in test 

tubes (in vitro) for export. 
Styrofoam shipping boxes 

are used for protection. 

Tissue Culture 
CIP is the first institution to use tissue culture methods on a 

large scale for potato crop development. From modest beginnings,
tissue culture at CIP has developed into a unit responsible for basic 
and applied research plus training tissue culture specialists from 
national potato programs. In addition to these responsibilities, the 
unit is in charge of the disease-free maintenance and distribution of 
in vitro (in glass) potato germplasm. 

A new tissue culture laboratory will be primarily dedicated to 
conservation of the World Potato Collection by tissue culture 
methods. Construction of this laboratory was made possible by a 
grant from the government of Japan. 

•?ii :{ : 
" S 
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... direct involvement particularlyin research 
- basic seed production,tropicalizedgermplasm 

, and TPS - was initiatedonly after the collabora
tion that took place between CIP andBangladesh. 

-	 Kamal Uddin Abmad, Bangladesh. 

Application of Tissue Culture Techniques 
"Meristem (tip) culture" has become a routine procedure for ob

taining pathogen-free material from a long list of ornamental and 
crop plants, including the potato. Meristem culture is a routine 
method at CIP to free valuable genetic material from viruses. This 
is essential for CIP's own work, and is also a useful service for na
tional programs wishing to "clean up" their own materials. 

The rapid, in vitro propagation of clonal material is another area 
where tissue culture techniques have become routine. Advantages 
of in vitro propagation: 

" 	Newly selected hybrid plants with specific characteristics can be in
creased in number in a hort time. 

" 	A constant flow of pathogen-free plants can be obtained by going 
back to the original in vitro stock that was started from a pathogen 
free source. 

" 	Propagation can be year-round and specifically scheduled when man
power is available. 

Several methods of in vitro propagation have been developed of 
which two - accelerated formation of axillary buds and production 
of adventitious buds - are already widely used. A third method, 
somatic embryogenesis, is showing excellent potential for in vitro 
propagation. 

Long Term, Pathogen-Free Storage. Potato germplasm stored 
in vitro represents a constant and valuable source of pathogen-free 
material for propagation; and, if properly handled, will remain free 
from contamination by microorganisms. Germplasm stored in 
vitro, however, must be transferred to a fresh culture medium 
when the plantlets reach a certain stage of development. CIP scien
tists, in collaboration with other investigators, have found methods 
to prolong the transfer intervals enabling cultures to be stored for 
16 to 24 months without transfer. 

In Vitro Tuber Production and Distribution. CIP has transfer
red about Z50 clones to in vitro conditions. These clones are in de
mand by many national potato programs ar '1are ready for export 
to meet the strictest quarantine standards around the world. 

As a result of training in recent years, a rapidly growing number 
of national programs - 16 in 1983 - in developing countries are 
now able to apply tissue culture techniques and receive in vitro 
genetic materials from abroad. CIP is the major source of training 
as well as in vitro potato germplasm for developing countries. 
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With assistance of CIP, a sound base for basic
 
6 seed productionhas been established.
 

- Pema Wangchhuk, Bhutan. 

Twice a year, in vitro shipments of plantlets are prepared and 
dispatched. In 1983, 244 in vitro clones were distributed by CIP 
worldwide. These shipments, however, can be handled only by in
stitutions that have adequate facilities and trained personnel for 
transferring plantlets from the test tube to the field. This process is 
much more complex than handling tubers. 

In vitro tuber production has these advantages: tubers can be
 
produced in large quantities regardless of season, they need not be
 
transferred to fresh media, they can be stored for several months
 
for local use or for export, and national programs can handle them
 
more easily than in vitro plantlets.
 

Trial shipments were first sent to the Plant Quarantine Station
 
in Nairobi, Kenya, where CIP has a collaborative Regional Germ
plasm Center for Africa. Samples arrived in good condition for fur
ther in vitro propagation. Another important advantage is that na
tional programs receiving in vitro tubers can now receive CIP
 
germplasm any time and it can be stored until the growing season
 
in their countries.
 

Embryo and Endosperm Culture. Tissue culture methods have, 
in unexpected ways, become useful methods in plant breeding.
Potato breeders at CIP are resorting more and more to wild 
species for resistance and tolerance to biotic and abiotic stresses. It 
has been possible to use embryo culture to overcome crossability
barriers - a new application of a known technique. Another unex
pected benefit of this technique was a sig,)fi,.ant shortening of 
time intervals between the various generations of hybridizations.
Also, it has been possible to culture endosperm on an artificial 
medium. The endcsperm is also a hybrid tissue like the embryo, but 
its ploidy level is different from that of the embryo. This fact might
become important when breeders try to overcome crossability bar
riers in wide crosses. 

Protoplast Fusion. The fusion of protoplasts of Solanum species
that are so distantly related that a cc :iventional type cross will not 
succeed, is another possibility for use of tissue culture. Scientists 
are already investigating incorporating genes or pieces of foreign
chromosomes into the potato genome. Potato genotypes with com
pletely new and economicaxly useful characteristics could be obtain
ed through this type of genetic engineering, which may lead to 
potato varieties that combine new characteristics. 

Research on use of tissue culture as an efficient method for ob
taining haploid plants from anthers is already in progress at CIP. 
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Research shows sprout cutting(rapidmultiplica
tion) works best in Rwanda. The technique is
 

6 routine in increasing seed stocks of varieties 9 9
 
about to be named. 

- M. Bicamumpaka, Rwanda. 

Modern potato breeding programs depend increasingly on the use 
of haploid genotypes, obtained from tetraploid clones, for 
hybridization at the diploid level. The tissue culture ability of 
anthers, however, has been found to be strongly genotype
dependent. Research at CIP is concentrating on transferring this 
ability from one genotype to another. 

Rapid Multiplication 
Over the years, techniques, such as single node and sprcut cut

tings, stem cuttings and !eaf bud cuttings [ave been developed for 
use in screening germplasm, disease elimination, and seed pro
grams. These techniques have been adapted for rapid production, 
using local materials available in developing countries in need of in
novative techniques to shorten the multiplication cycle. 

At present, rapid multiplication techniques are being used 
routinely by more than 20 national seed programs. Some promi
nent examples follow: 

Colombia. Long-time use of stem cuttings is presently producing 
the quantity of "basic seed" necessary for the ICA program. ICA 
produces about 30 tons of basic seed each year multiplied from 
stem cuttings; stem cuttings are also used to increase some poten
tial new varieties. 

Ecuador. In vitro plantlets to produce stem cuttings are now in 
massive use. The combined methods enable Ecuador to produce 
slightly more certified seed in four generations than was being pro
duced in the clonal selection program in seven multiplications. The 
resulting certified seed is reported to be giving growers up to 25% 
yield increases. 

Peru. Following extensive training of personnel, the INIPA-
CIP-COTESU program is producing large numbers of cuttings of 
many varieties. Smaller units are also beginning to produce high 
quality pre-basic seed. Peru's program is the largest in the develop
ing world using rapid multiplication techniques. 

Chile. Rapid multiplication techniques are used to increase 
genetic materials on a limited basis. 

Brazil. In vitro derived mother plants are used to produce tubers 
directly and tuberlets from leaf-bud cuttings. A 200% increase in 
first generation material was measured with less problems with 
virus. Full scale use is pending an increase in personnel to handle 
the expanding program. 
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Rapid multiplication techniques introduced
 
66through CIP are being used to speed up produc

tion of advanced germplasm material.
 
- Mr. Kafurera, Burundi. 

Rwanda. Sprout and stem cuttings are used routinely to in
crease new genetic material. In Burundi cuttings are being used to 
increase new introductions to levels sufficient for variety testing. 

Philippines. The German/Philippine seed program is using an in
tegrated rapid multiplication program. It combines use of sprout,
single-node and stem cuttings to produce large numbers of cuttings
transplanted to the field for further multiplication. Practically all 

Molinera - Earliness and Multiple Resistance-
Cajamarca, Peru - The values of noted that Molinera did have one 

interintitutional collaboration and main drawback: susceptibility to 
breeding for multiple traits are il- "hollow heart." 
lustrated by the rapid development
and farmer adoption of a new Molinera is the product of 
potato variety in Peru. dedicated scientists working in 

many institutions - in Peru, Colom-The variety is "Molinera." After bia, and the U.S.A. 
its release in 1977 by the Peruvian 
national potato program it was Peruvian scientists, observing
readily accepted by farmers. Since late blight and bacterial wilt in Ca
its release it has become the most jamarca, and aware of the need for 
widely-grown variety in Cajamarca, a fast-maturing (early) variety to fit 
a department in northern Peru. No into the area's cropping system, re
formal seed program was operating quested that the North Carolina 
in the area - spread ol' Molinera State University Mission to Peru in
was spontaneous, from farmer t() troduce early genetic material resis
farmer as they saw its favorable at- taut to bacterial wilt and late blight
tributes. from the University of Wisconsin. 

A 1984 fiel study in Cajamarca The Wisconsin materials were theprovince indicated that Molinera result of a breeding program, par
provincefuindicbtedhthatcMofellra 

now covers about 40% of th( area tially funded by the Rockefeller 
seeded to potatoes. More than 80% Foundation, which used Solu onuphu,'*jo a wild species from Colom
of farmers surveyed said they bia's Central Potato Collection. 
cultivated Molinera mainly because 
of its earliness. Other reasons were The National Program, backstop
its resistance to late blight, good ped by the NCSU Mission and later 
yield, and short period of dormancy by CI!', evaluated 950 clones under 
in storage. Earliness and short dor- field conditions. From these, two 
mancy are valuhible traits in this clones which were early and showed 
area where climate permits year- field resistance to bacterial wilt and 
round cultivation of potatoes and lat, blight were released by the Na
other crops. Blight resistance is tional Program as new varieties in 
essential for potato cultivation in 1976 and 1977: Caxamarca and 
the rainy, winter months. Farmers Molinera. 
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A few farmershave accepted the TPS technology 
6(andhave raisedsuccessful crops on their lands. 

- Director of Agriculture, Sri Lanka. 

Philippine certified seed is now derived from cuttings. All work is 
done by CIP-trained scientists. 

The CIP Regional Germplasm and Redistribution Center in the 
Philippines uses combinations of rapid multiplication techniques 
with emphasis on combined in vitro, single-node cuttings pioneered 
in Dalat, Vietnam. 

In Mindanao, the CIP associate expert is producing creditable 
amounts of pre-basic material using sprout and single-node cut
tings. Yields are double normal and farmers are beginning to adopt 
the technology. 

Vietnam,,. The Dalat area in southern Vietnam has made impor
tant and innovative use of rapid multiplication techniques. Five 
hundred hectares are planted with material derived from in vitro 
single-node cuttings of CIP-introduced varieties. The impact on 
plant health and improved varieties has resulted in doubled yield. 
The system involves farmer production of large numbers of 
transplants giving an increase of several thousand to one. The 
lessons CIP and national programs are learning from the Vietnam 
experience are detailed in a study in the last part of this book. 

Korea. In vitro derived mother plants are producing 50,000 stem 
cuttings which are transplanted to 22 screenhouses and yield about 
22 tons of basic seed for further field multiplication. 

Sri Lanka. Two large screenhouses are being constructed for 
rapid multiplication use. 

Panama. New decree by Government to decrease seed importa
tion has given new demand and need to use rapid multiplication in a 
new seed program. 

True Potato Seed 
Research on true potato seed which started at CIP in 1977 has 

since increased through research both at CIP and with cooperating 
institutions. Use of true potato seed could offer developing-country 
farmers several advantages: 

" Cost of planting material could be reduced sharply. A handful 
of it can replace up to 2 tons of perishable, bulky, and costly 
seed tubers required to plant one hectare. 

" The amount of edible potatoes used for seed could be reduced. 
An estimated 11 million tons of potato seed tubers are required 
annually in developing countries, equivalent to nearly twice the 
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TPS technology wil.., revitalize the potato pro
gramme in this country. Even ijfit does not com
pletely replace the cultivationoj'potatowith seed a
 
Stbers, it will offer u. cheap source o/ seed tubers
 
.br the entire prograninte.
 

- Director of Agriculture. Sri Lanka. 

total yearly production of potatoes in Africa. Use of true potato
 
seed instead of seed tubers would make these poratoes
 
available for human consumption.
 
Spread of tuber-transmitted diseases could be-mnimized. Only
 
PVT and PSTV are known to be transmitted by true seed. For
 
subsistence growers in tropical areas who do not have access to
 
good quality seed, true potato seed could be a low-cost source
 
of high quality planting material.
 

* True potato seed is much easier to store than seed tubers. 
Hence, farmers using true potato seed could have it available 
for planting any time. This would allow them to fit potatoes in-

Desprouting potatoes. 
Peru. 

V 5 

9, . . 
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True potato seeds are 
obtained from berries (below)
that grow on the top portion
of the plant. 

to cropping systems where seed tubers of correct"physiological age" are not available. Problems of tuber seedstorage are discussed later in this part of the book. The SriLanka study, in the next part, illustrates how seed storage pro
blems affect cropping systems. 

True potato seed research at CIP is directed to development of aviable alternative to vegetative propagation of potatoes. Abreeding program selects genetic materials to ensure tuber uniformity, earliness and ability uo grow and yield well under diverse en
vironments. 

Breeding for TPS 
Evaluations of progenies from CIP's breeding program showthat hybrids have a higher potential than open and self-pollinatedprogenies. Highest yields extrapolated from experimental plots are 

'AM
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This project (rusticseed storage)is consideredan
 
example of rapid transferof technology from ex
periment stations to the farmer - it only began
 
in 1981 and within 2 years more than 60 small
 
growers had constructed storages.
 

- Fernando Gomez Moncayo, Colombia. 

84 and 41 tons per hectare for hybrid and open-pollinated true 
potato seed progenies, respectively. Yields of up to 2.0 kg per plant 
are common in experimental fields. 

Agronomy for TPS 
True potato seed is obtained from berries growing on the top por

tion of the plant. Thirty or forty berries may be produced on a 
single plant while a single berry may contain up to several hundred 
seeds. Seed is, as a rule, dormant immediately after extraction 
from the fruit, depending on genotype and conditions of seed pro
duction. If seed is dried to about 5% moisture content it can be 
stored for years with little loss in ability to germinate. 

Transplanting potato seedlings from nursery to field is a conve
nient method of potato production from TPS, particularly under 
warm tropical conditions. Advantages over direct sowing of true 
potato seed is that in nurseries careful management helps to pro
duce vigorous seedlings for transplanting. In addition, seedling 
transplants are commonly used by small farmers in the tropics for 
many vegetable crops. Yields are comparable to production from 
potato tuber seed in a range of tropical environments. 

Seed tuber production by true potato seed seedlings can provide 
potato growers with a simple method of producing healthy seed 
tubers in their own environment. One method is to produce seed
ling tubers in nursery beds densely sown with true potato seed (100 
plants per square meter). Production of seed tubers from true 
potato seed in proximity to consumer potato production areas over
comes problems related to transport of seed tubers. Prolon'ged 
seed tuber storage is avoided when seed tubers from true potato 
seed are produced off-season. 

Use of TPS in Developing Countries 
In parts of China, true potato seed teuhnology substitutes for 

basic seed tubers. After the first generation, conventional tuber 
multiplication is used. Since use of true seed began in China in 
1972, there has been a significant increase in production of 
potatoes originating from true seed. It is estimated that an area of 
15,000 to 20,000 hectares is annually planted with seed tubers pro
duced from true potato seed. 

Sri Lanka has been designated lead country for true potato seed
 
concenresearch in Southeast Asia. True potato seed research 


trates on breeding and evaluation of improved true potato seed
 
materials, seed production techniques, and development of
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management practices. Farmers in Sri Lanka are interested in 
true potato seed partly because of increasing scarcity and cost of 
seed tubers. The true potato seed program in Sri Lanka is receiv
ing substantial governmental support. 

Increasing scarcity of seed tubers - importing has been pro
hibited - is also motivating the commercial use of true potato seed 
in West Samoa. In the Philippines, true l)otato seed has become a 
useful production alternativ- in Mindanao, where potat, yields are 
quite low due to poor seed tuber quality. Transplanting and use of 
seed tubers produced from true potato seed are now employed for 
commercial production in Mindanao. 

Production of potatoes for both consumption, using seedlings 
transplanted to the field, and for seed tubers from hybrid :mrl open
pollinated true potato secd has been evaluated in Rwanda. Yields 
either from true potato seed transplants or seedling tubers doubled 
those using farmers' seed tubers. 

In India, with best true potato seed management practices 
highest yield has been about 30 tons per hectare compared to 15 
tons per hectare by using seed tubers. Similarly, in Korea, the yield 
of a locally produced true potato seed hybrid was 50 tons per hec
tare while the local variety yielded 37 tons per hectare under 
experimental conditions. True potato seed is thought to have ap
plicability in specific production areas of Korea where a three
month season is available for growing the crop. An early progeny 
could be transplanted to the field and fit into existing rice crol)ping 
system. 

Peruvian scientists are conducting true potato seed research in 
several locations. In Tacna testing in farmers' fields for different 
alternative uses of true potato seed started in 1983. In the early 
season in the coastal area, true potato seed produced a net benefit 
considerably higher than the conventional potato growing method. 

The number of developing countries involved in true potato seed 
research has increased rapidly to a total of 36. This is mainly due to 
high potential for application, Kreat flexibility to suit different 
agroeconomic conditions, and to recent progress by CIP breeders 
in production of improved true potato seed materials. On-farm 
research with true potato seed is underway in seven countries and 
true potato set-d has reached commercial use in four countries. 
True potato seed research is being conducted by universities, 
research institutes or private companies in several developed coun
tries, including the United States, Japan, England, Htolland, and 
New Zealand. 

Post-Harvest Technology 
Seed Tuber Storage 

Problems associated with storage of seed tubers include ex
cessive sprouting, '.igh storage losses, and lack of tuber vigor and 
field performance following traditional farm storage, often merely 
in the darkened corner of an all-purpose storage room. These pro
blems result in economic losses as well as the time lost in sorting 
and desprouting seed tubers prior to planting. 
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The impact of dijjWsed light storage and TPS
 
( ( technology [is/ tremendous.
 

- S.P.R. Weerasinghe, Sri Lanka. 

Within 3 years of experiment station and on-farm trials in the 
Peruvian highlands the rffectiveness of natural diffused light was 
lemonstrated in reducing sprout elongation, increasing sprout 
number, reducing total storage losses, and increasing total yields 
because of improved seed vigor. The average yield increase from 
use of natural diffused light in storage was 17% on the experiment 
station and 20% in ,n-farm trials. 

In comparisons between cold-stored and diffused light-s;tored 
seed tubers, the former yielded significantly more than the latter in 
only one (f 10 comparisons at 12 degrees (C) ambient temperature 
and in only three out of 18 comparisons at 24 degrees. 

CIP's post-harvest team and their national program colleagues 
developed an effective approach for applied research, known as the 
"Farmer-Back-to-Farner Model." This model provides the 
framework for storage courses. Researchers and extensionists 
from 34 developing countries have participated in these courses. 
As a result, diffused light technology for storing seed potato tubers 
is now being evaluated on expe-iment stations in 42 developing 
countries and in farm-level triais in 21 countries. Seed programs in 
23 developing countries now use diffused light storage, and adop
tion by farmers ha; been reported in 16 countries (Figure 6). 

FigLre 6. Known farmer adopters of diffused light seed storage. 
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... advances really encouraging... in the 
mountain areas rustic storages were constructed 
at the farmer level and experiment station level 
as a result of the program which has now been 
consolidated ni a low-cost seed program under 
PRA CIPA. 

- Eduardo Ortega, Venezuela. 

Development of the Farmer-Back-to-Farmer model and the in
troduction and spread of diffused light storage in Sri Lanka are 
documented in illustrative cases in the final part of this book. 

Actual design of stores varies from country to country, ranging 
from simple modifications of existing buildings to more elaborate 
purpose-built structures. All use locally available materials and rely 
on the natural diffused light principle to avoid high-cost 
temperature control systems. Capacities vary from 200 kilograms 
to 100 tons. 

Pest and Disease Problems in Stores 
Aphid infestation of stored seed tuber sprouts showed that total 

number of aphids increased equally in light and darkness. Where 
aphid infestation of sprouts was not controlled, increase in in
cidence of both PLRV and PVY was highly significant in the subse
quent crop. If attention is not paid to aphid dissemination of 
Viruses during storage, several years seed multiplication may be 
lost. 

Damage from potato tuber moth, a major pest of stored tubers 
particularly in warm climates, is increasingly prevalent in cooler 
highland areas. CIP has concentrated on component control 
measures such as use of repellent weeds, synthetic sex 
pheromones, biological insecticides, and water barriers which have 
shown good potential when tested in natural diffused light stores 
under high natural infestation l)ressures. These components are 
now available for testing in integrated pest management systems 
under farmer conditions. 

Tuber greening resulting from storage of seed tubers in natural 
diffused light slightly increases resistince to tuber infection and 
spread caused by Er'iiiaspp. Anaerobic conditions conducive to 
tuber rotting and spread of soft rot d.) not normally develop in 
natural diffused light stores where tubers are placed in shallow 
layers which also aids in ventilation. 

Work at CIP on storage and TPS has had a 
positive effect on research in thesefields and has 

( ( influenced advisory work on these subjects in 
developing countries. 

- I). E. van der Zaag and Ilenk Beukema, The Netherlands. 
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This technology [diffused light seed storage]...
 
((in the program... highly appreciated by ,,
 

growers and is beingjbllowed by the.farmers.
 

Fast, Easy Food Mix 
IIuancayo, Peru -- i dry food 

mix, consisting of potatoes, cereals, 
and a legume, is being tried ex-
perimentally as a meal component 
in Peruvian schools. Tie ex-
perimental mix was developed by 
the International Potato Center 
(CIP) at its Lima, Peru hea(d-
quarters. 

The mix, known ais "M-6," con-

tains 30% potato, 1,4% rice, I,1 
bean, 14% oat, 14% barley, 12% 

maize, and 2% salt. It can be 
modified according to consumer 
tastes, costs, and availability of in-
giedients. Other native crops may 
be incorporated in it - qjin aoand 
lupins, for example, in the case of 
Peru. 

Processing the potato consists of 
peeling, cooking, and mashing. The 
other ingredients are premilled and 
thoroughly mixed into the wet, 
mashed potatoes. This mixture is 
dried with either solar or artificial 
energy. Sequence and process 
details vary to accommodate local 
conditions. 

The cost is about 2 cents (U.S.) 
per serving, based on Peruvian in-
gredient costs. One serving consists 
of 20 grams of dry mix with 250 
milliliters of water, making about a 
cup of porridge. It is prepared by 
cooking 80 grams of mix in one liter 
of water for 20 minutes and served 
either hot or cold after mixing in 
additional savory ingredients ac-
cording to local food preferences. In 
CIP experiments, costs were 60% 
for ingredients, 14% for processing 
with solar energy, and 26% remain-

- R. B. Rana, Bhutan. 

ing costs including a small profit 
margin. 

M-.; is on,. of several potato pro
duct being developed in the CIP 
processing project supported by the 
Irish government. Financial 
assistance is als,) from Canada's In
ternational I)evelopment Research 
Center (IDRC) and involves 
technical cooperation with the In

stituto Nacional (Ie I)esarrollo 
Agroindustlrial (INI)A) of Peru. 

Consumer research (luring 1983 
indicated high product acceptance. 
Peru's Ministry of Health is in
terested in possible large-scale use 
of M-6. Six tons of the mix are being 
used over a 6-months period in a 
major school feeding test program. 
This represents 1% of a potential 
600-ton market for the mix in this 
region. 

Three areas have been selected in 
Peru's highland Mantaro Valley for 
evaluating potential production and 
household use of the mix. An a(lvan
tage would be converting part of 
the perishable harvest into 
dehydrated form to help) stabilize 

food supplies throughout the year. 

Possibilities of production and use 
of M-6 at a community level are be
ing evaluated in Puno, one of Peru's 
highest, poorest, and most potato
dependent areas near Lake 
Titicaca, in the south. Consumption 
is also being monitored in comncdor 
poploir eating establishments in 
Lima's low-income suburbs. Daily 
use during a 9-month period in one 
such comedor feeding about 100 
children daily has given enciurag
ing confirmation of M-6 acceptance. 
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Storage of Consumer Potatoes 
Improving systems for storing consumer potatoes is considerably 

more complex than secd potato tuber storage. At CIP's highland 
station several naturally-ventilated structures, ranging from tem
porary field units to purpose-built 35-ton stores, when coupled with 
adequate pre-storage selection of tubers and use of ckoemical sprout 
suppressants, successfully kept potatoes for at least 6 months with 
total storage losses less than 2% per month. In India and 
Bangladesh, where problems of Erwinia soft rotting may not he 
severe, the use of simple passive evaporative cooling combined 
with chemical sprout suppressants appears promising. 

Improved consumer potato storage methods are being evaluated 
in 16 developing countries and have been adopted by farmers in six 
countries. 

Simple Potato Processing 
A study of needs and problems of traditional processors of sun 

dried potatoes in the highlands of Peru concluded that chief con
cern was about labor-intensive operations of peeling and cutting. 
Although a complete low-cost pilot plant was established at 
CIP/Huancayo for production f dried potatoes and potato starch, 
little adoption of tile total plant concept occurred. 

As a consequence, and using Peru as th- initial test area in 1983, 
product development research based on the concept of "potato ex
tension" through mixes was started in an attempt to keep the cost 
of final products competitive with others available to low-income 
consumers. In addition to significant cost advantages, mixtures 
often enhance nutritional value over individual components. 
Potatoes mixed with dried cereals and legumes produce acceptable 
food products and numerous mixes using locally available and in
digenous crops have been produced and evaluated for all-around 
consumer acceptability. 



CIP's processingresearch is aimed 
not at producing scholarly papers 
for scientific archives but practical 
solutions to the problems of 
developing cou ntries. 
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PART 6 

Illustrative Studies 
Introduction 

Instead of attempting to quantify the production impact of CIP
generated technologies at the farm level, we have chosen another
 
method: depict collaborative efforts with seven brief studies il
lustrating how CIP and nationa' programs work together to solve
 
problems of potato production and use. They tell how various types
 
of benefits have been geneeated, ranging from training and institu
tion building to yield increases, to development of an effective
 
model for interdisciplinary problem solving.
 

The first illustration describes CIP's relation with its host coun
try, Peru, emphasizing the reciprocal nature of the relationship and
 
resulting mutual benefits.
 

Four specific areas are highlighted: iistitutional support, (in
cluding graduate-level training in Peruvian universities), breeding
 
•rnd farmer use of new varieties, development of a new seed pro
gram, and on-farm research. 

The second illustrative case describes how, through trial and er
ror, a team of post-harvest technologists and anthropologists 
developed an interdisciplinary model which now helps researchers 
both at CIP and in national programs focus their work on farmers' 
problems and solve them in the shortest possible time. 

The third case, from Vietnam, illustrates how an international 
agricultural research center can learn from a developing country's 
innovations, incorporate this knowledge int') its own research and 
training programs, :-nd help other countries benefit from the coun
try's experiences. 

The fourth example, from Tunisia, shows how high the economic 
returns can be in a successful seed multiplication program. 

The fifth illustrated case documents how quickly an effective 
commodity research and extension program was established, prac
tically from scratch, in one of the world's poorest countries -
Rwanda. 

The sixth example, from Sri Lanka, illustrates how innovations 
in one key element of the potato production system - seed storage 
-- can occur rapidly and have far-reaching benefits in several 
areas: alterations in planting time, yield increases, intensification 

Previous Blaa
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of cropping systems, expansion of the potato crop, savings in 
foreign exchange, and reduction in potato prices. 

The seventh and last illustrative case describes operation of a 
regional collaborative research network in Central America 
(PRECODEPA), and how the network has worked to strengthen 
the potato programs of each country, improve the "horizontal" 
flow of information between the countries, and increase the 
region's ability to benefit from CIP's research and training 
resources. 

d4 

The impact ofagriculturalresearchonfood productionis 
ultimately decided not by researchersbut by thefarmers 

''themselves, who decide on their farming practicesfor 
each crop season. 

- Josette Murphy, USAID. 
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No. 1 Illustrative Case 

Relations with Host Country: Peru 
CIP collaborates with Peruvian institutions in many ways. This
 

brief report highlights germplasm evaluation, design and im
plementation of a new seed program, on-farm research and train
ing. These activities are of value both to PerU anl to CIP. For ex
ample, evaluation of germplasmn provided by CIP has led to release
 
of several new Peruvian varieties resistant to late blight and
 
bacterial wilt. One of these - "Molinera" - is now the leading
 
variety in Peru's northern Cajamarca Department. Based on Peru
vian evaluations, CIP sent the same clone to other countries, where
 
it is also showing promise as a new variety.
 

CIP has helped Peru oltain funding and has providet technical 
assistance for a new seed program. At the same time, CIP and 
other countries are learning many lessons from Peru's experience 
in implementing the program. 

Thesis research projects supervised by CIP scientists contribute 
to the formation of human capital neede(l for Peru's agricultural 
research. This also contributes substantially to CIP's headquarters 
research program, and at low cost. 

Similarly, results of on-farm research in Peru are of direct value 
both to Peru's and CIP's research and technology transfer 
activities. Moreover, lessons learned in Peru about on-farm 
research - both methodological and substantive - have proven to 
be valid in other countries. 

T1he P1eruvian National Potato mission to Peru in 1971. NCSU had 
Program is one o t five commodIity established a well-organized potato 
programs of P'eru's National program. Many improved varieties 
Agricultural Research and [r(1mlo- were developed that today are used 
tion Institute (Institut Nacional de on about a third of the area planted 
Investigacion) P to potatoes.Iro0moCionl
Agropeuaria: INI PA). Seed orod uc tion , fertilizer use,

The Ipotato is tloe moist impo0irt mt and pest control were intensively
food Cro[p ill Pcru, gron i)il studied in the 1960s, resulting in a 
204,00(0 h-ctares, ahbout 90% in the suIstantial hody of research results. 
highlands, 2,000 neters or noire After Peru's land reform began in 
-~ove sea level. The natioal 1fter eoditions we oie n avo raile 
average yield is a 7.9 per for agricultural research fkrroduttons the 
hectare and annuil proolucti n is next. decade, anod insufficient 
ahout 1.6 million tons. funding made it difficult to continue 

CIiI emerged from the North previous work. Nevertheless, from 
Carolina State University (NCSU) 1973 to 1982 yields per unit area of 



104 

Highlands 
potato
 
harvest (below).
 
Peru.
 

potatoes were increased, and higher 
yields compensated for reduction in 
planted area. 

Rapid urbanization lowered the 
percentage of rural population from 
50% to 40% during this period, and 
today the capital city, Lima, has 
about a third of the country's 
population. The need to supply food 
to its urban population has made 
Peru highly dependent on imported 
wheat, rice, corn, and other 
foodstuffs. About 90% of the wheat 
consumed in Peru is imported and 
imports of rice and maize increase 
each year. Peru is self sufficient in 
potatoes and only under abnormal 
weather conditions (10 shortages 
occur, 

Importation of potatoes, even in 
small amounts, has not been suc-
cessful because of consumer 
preferences and lack of infrastruc-
ture to handle a product as highly 
perishable as fresh potatoes. 

With present technology, potato 
yields could be significantly increas-
ed in a short time. However, for this 
to occur, greater investment is re-
quired in applied research and ex-

tension. Modification of price 
policies to favor domestically pro
duced crops over subsidized im
ports would also stimulate input 
use, yield increases aind expansion 
of potato production. 

Institutional Support 
Since 1981 INIPA has been inten

sifying research and extension in 
the country. Close collaboration 
with CIP has permitted the national 
potato program to launch a seed 
program and to organize a network 
for better use of CIP-generated 
potential varieties. 

The flow of technology from 
researchers to farmers requires a 
well organized and aggressive na

tional program. INIPA is receiving 
support from CIP to strengthen its 
national potato program through 
training, equipment, research con
tracts, and technical assistance. 

Several contracts for bilateral 
cooperation between international 
institutions or governments and 
INIPA for potato development have 
been arranged by CIP. Vehicles and 
equipment have been donated to 
INIPA for use in the national potato 
program. CIP scientists are always 
available for consultation. Even 
under present austerity conditions, 
the Peruvian potato program is able 
to operate with assistance from CIP 
by means of a diversity of sup
porting research contracts with 
INIPA and several universities. 

Training 
Hosting CIP has given Peruvian 

national scientists easy access to 
training. Long- and short-term 
training at CIP headquarters or at 
the regional level has been provided 



True potato seed 
research 

(below 
Peruvian coast. 
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in the most diverse areas of 
research and externsion related to 

@late blight, 
&frost, and 

potato development. Nearly 200 na
tional scientists have attended short e nematodes. 
courses sponsored by CIP. CIP and INIPA collaboration has 

CIP scientists have guided many 
resultd in substantial progress in 
solving the3e problems. The na-

Peruvian students in their research 
at the master's level. Fields of 
research agree with national 

tional potato program organizes 
trials throughout the country to test 
advanced selections from CIP's 

priorities and approval of national breeding program. Varieties 
program leaders. To (late, 116 have Molinera, Amapola, and Caxamarca 
been completed with CIP supervi-
sion and partial financing. Of these, 
42 have been in breeding an(l 

have been selected and named by 
the national program for their 
earliness and resistance to late 

genetics, 22 in entomology and blight and bacterial wilt. Perricholi 
nematology, 21 in pathology, 15 in was selected and released in 1982 
physiology, 12 in social sciences, 
and 4 in taxonomy. 

for its high yield and late blight 
resistance. 

A program for on-the-job training Six advanced selections resistant 
was proposed by CIP to INIPA by to lnte blight and frost have entered 
which a team of CIP scientists will the process of low virus seed pro
be exchanged temporarily for an duction for release to farmers. 
equivalent team of INIPA scien- Breeding for cyst nematode 
tists. CIP scientists frequently par- resistance has resulted in advanced 
ticipate in national training ac- clones showing resistance in field 
tivities programmed by INIPA and trials. The national program is 
often offer consultancy in specializ- selecting clones to be multiplied for 
ed subjects as requested. demonstration plots with farmers 

before official release. 
International level courses on 

potato production are taught yearly 
at the National Agrarian University 
(La Molina). CIP provides logistic 
support for organizing and teaching 
these courses along with national 
scientists. Other courses in subjects 
related to agronomic management 
of the crop are offered to extension 
personnel to update them with most 
recent technological developments. 

New Varieties 
The national program has iden

tified three major constraints to 
highland potato production: 
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The InternationalPotato Center (CIP)has played a major" 
facilitatingrole in providinga 'mechanismf()r accessing the 
resources(hamanand otherwise) o"the other international 

( ( 	centers and other international resources in support of 
the... program ...in additionto the excellent work... in 
the NPPjbr potatoes. 

- USAID. Peru. 

Seed Program 	 ticular needs. The national program
promotes such stores through the 

A basic seed production system is extension service. 
national potato pro

essential to a 
gram. CIP in 1982 identified a True potato seed research has at
donor for a cooperative program in- tracted the interest of Peruvian 
volving INIPA, CIP, and the Swiss sciertists, who feel it could help 
Technical Cooperation (COTESU), solve seed tuber shortages in areas 
which is laying the ground work for affected by adverse climate. The 
a seed program appropriate lot the potential value of true potato seed 
country's needs and resources. A was highlighted by Pern": severe 
technical support unit formed by drought of 1982 which led to a 
seed specialists, agronomists, and drastic reduction in potato produc
economists is providing necessary tion in the altiplano of Peru and 
technical expertise to INIPA. Bolivia and caught farmers and 

public officials unprepared. 
Several previous attemtpts to Farmers were left without seed for 

establish a national seed progra.m in the next planting seaso,,, and itwas 
Peru were unsuccessful. This new impossible to purchase, transport, 
attempt offers much greater pro- and distribute seed to farmers in 
mise than earlier ones for two riiote areas during the short 
reasons, period between planting seasons. 

First, the project benefits from Even if tuber seed had been 
lessons learned in CIP's intensive available, hard-pressed farmers 

have paid the high pricesstudies of economics of seed could no, 
systems in Andean countries. As a (luring a shortage year. Under such 
result, economists are directly in- conditions, true potato seed could 
volved in project design, implemen- have been extremely useful because 
tation, and periodic review. This is it is low in cost and easily 
leading to a practical approach that transported. 
is technically sound and is ap- True potato seed has been tested 
propriate for the needs and in several Peruvian locations, and 
capacities of INIPA and farmers in initial results augur well for the 
Peru. economic viability of using it for 

Second, the new seed program production of seed tubers or con

uses the latest available techniques sumer potatoes in areas where seed 
for rapid multiplication of'disease- tubers are scarce. 
free material, including those On-Farm Research 
developed in Vietnam (see later illustrative report). 	 Beginning with tile Mantaro 

Valley Project in 1977, CIP has 

Diffused light storage of seed engaged in numerous studies of 
potatoes has been widely adopted traditional farming practices and 
by Peruvian farmers as well as by performance of potential new 
the seed program. Farmers rapidly technologies under farmers' condi
accept the principle and adapt tions. The initial work focused on 
storage designs to suit their par- seed systems, post-harvest 
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The technological packages being prepared by the resear
chers and specialists[in the NationalPotatoProgram]are
 
the most complete. Extension agents and para-professionals
 

66 arebeing trainedusing researchwork both on andoff the ex- , 
periment station. Technological packages arefurther being 
modified by extension specialists and agents to fit in
dividual areasas needed. 

- USAII), Peru. 

technology, and general agronomic CIP, to concentrate efforts on 
practices. Early results indicated sharper identification of farmers' 
that "technological packages" had problems, and to evaluate 
serious defects. Yields of "improv- technologies more (arefully in farm
ed secd" available at that time were level trials. 
not sufficient to compensate most On-farm research continues for 
highland farmers for it- higher cost seed (hoth conventional and TPS) 
over common farmer seed. In (on- and post-harvest technology and is 
trast, measures to improve seed now heginning with insect control. 
storage and control insects were 
successful in farm-level trials and This report is based on a presen
were adopted by farmers. These tation of Fernando Ezeta of the 
esults stimulated researchers, both Peruvian National P:'ogram, given 

in lie National Program and in at CIP on April 24, 1984. 

Highland potatoes 
to market by llama-back. 

Peru. 
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No. 2 Illustrative Case 

Farmer-Back-to-Farmer Model 
This is an example of a successful interdisciplinary experience 

that resulted in a model and guiding principles for teams working 
toward solving technological problems. The discussion includes the 
philosophy as well as some nuts-and-bolts aspects of how to con
duct interdisciplina'y team research involving social and biological 
scientists. 

Some of the eyeball-to-eyeball confrontations it took to thrash 
out details that all could live with are not recorded here. But the 
results that are recorded should be of use to scientists, policy 
makers, and their ultimate clients, producers and consumers. 

Although emphasis is on agricultural technology, the derived 
model should be of value in interdisciplinary research dealing with 
appropriate technology and development in other fields. 

Diagnosing and Understanding pathological and physiological 
Farmer Problems losses since these are major 

technological problems.The contribution and role of each 
discipline of CIP's post-harvest The anthropologist, based on a 
team is best understood by studying 2-months village-level survey, 
the team member interaction over argued that central Andean 
time. farmers did not necessarily perceive

small, shriveled or spoiled potatoes 
Initially, the anthropologist as "losses" or "waste" - all 

studied post-harvest activities and potatoes were used by farm families 
storage problems facing highland in some form. Potatoes not sold, us
potato farmers in the Mantaro ed for seed or immediate home con-
Valley of Peru's central Andes. sumption were fed to animals, 

mainly pigs, or processed into 
Biological scientists at first dehydrated potatoes (chunWo, papa

restricted their activities to seca) storable for as long as 3 years. 
research with both consumer and In addition, some wives said the 
seed potato storage on the experi- shriveled, partly spoiled potatoes 
ment station in the same region. were sometimes preferred for cer-

Soon the social scientist and tain dishes. 
technologists found themselves in These observations, as one 
an intra-team debate over concept biological scientist later put it, were 
of "storage -losses." This was a "the beginning of understanding 
critical point because potato as a that we scientists often perceive 
vegetable tuber is a highly technical problems through dif
perishable item. Storage specialists ferent eyes than farmers. Potato 
were logically concerned with losses as we saw them were not 
designing a system to reduce both necessarily losses to farmers." 

Previous Pcz; Blaak
 



One team technologist in re-
flecting on the experience explain-
ed: 

"I Was not totally convincedI 
of the anthrpoliogist's argu-
ment, although he certainly 
made me think about what I 
was doing. We biological 
scientists hadn't even really 

110 	 talked to a farmer about tire 
problems we were working 
on. We were doing research 
from a distance, not research 
to solve a problem. When I 
finally went with him to visit 
farriers I ciUld see lie was 
right, but only partially." 

Defining the Problem: 
Seed Storage 

It tu r-ried 0'! that "real losses" ill 
storage were indeed perceived ry 
many farlers. Since small pro-
dueers in the study area stored 
most of their potatoes (whether for 
consumption, sale, or seed) in dark 
rooms, they dii not autiirnatieally
offer informatiir to tile an-
thropilogist on different activities 
related to potatioes destiled for dif-
ferent purposes. Through c 
tiors with the bioligical scientists 
on technical aspects of storage, tile 
ant hropohgist was aile to sharpen 
his questiois t, tarniers. 

Seed potatoes stired ill darkness 
protuce long siprouts that are 
generally rerinoved hefore planting.
Asked s)ecifically ahut this activi-
ty, farrrers complained of cost in 
time anid labhor loss associateI with 
desirouting. Thus, farvier "losses" 
were not merely physiolgical pro-
Hems, but social and ecuroliC ones 
as well. The team 	now appeared on 
common ground with tile farmier, 
By draNwing knowledge f'roni 
farmers and both disciplines, a com
rnioinly agreed upon problem was 
lefined: seed l)otatoi storage with 
specific emphasis ol reducing 
slrout length and impiroving seed 
tuber quality,
Team Research: 

eekam 
Seeking a Solution 

With the problem more narrowly 

d&fliled, the team faced tile 
research task of solving tile 
technological challenge in a way ae
ceptable to farmers. The ain
thropologist continued field 
research on seed storage, constant
ly feeding hiis findings to the 
technical scientists who had inten
sified on-station experiments with 
seed potato storage using a known 
principle: sprouttt growth is much 
less and seed uali ty generally irn
proves wlen potatoes are stored in 
natural diffused light. This principle 
was thought by CI1 scientists to 
have a practical application in 
deve1liirg COuntries but exactly 
how and under what circumstances 
was not clear until on-station ex
periments involving stored seed 
proved successful in terms of reduc
ed sprout elongation. Iesign of ex
l ental s(ed stires was still 

friorn the Ibiological scientists' point 
of view, however. 

The anthropologist was Concern
ed if tile design related to farmers' 
conditions. Was it acceptable? His 
knowledge of architecture and uses 
of farri houses and builings in An
dean-st villages prompted a concern 
with how seed stores might be 
adapted to local conlitions. It ap
lieared ini ossilrle to introduce dif
ffused light into dark, traditional 
MultiulrpIise store rooms. For one 
thing diffused light results ill 
"greening" of' potato tubers, mak
ing them inedible and un
nmarketable. 

Thus, orly potatoes destined to lie 
useI fOr seed eoul I e stored in in
direct light. Also, due to security
arid cionvenience needs, any 
)hysical storage changes must 

blend into existing farm corn
pounds. 

Testing, Adapting
 
Proposed Technology
 

The anthropologist, anxious to 
begin on-farm trials, inspected farm 
buildings with his technical col
leagues and talked with potential 
farmer cooperators. They noted 
that the inner courtyard of many 



FARMER-BACK--TO-FARMER
 

Farmer Evaluation - Farmer - Scientist 
Adaptation Diagnosis 

Q Farmer 

Problems 

::::Solution better fitted Common def inition:* 
L to farm conditions of problem:':''.. 

Adapting/Testing: Seeking Solutions: 
On-Farm/Research Interdisciplinary 

Station Research 

The farmer-back-to-farmer model begins and ends with the farmer. It involves four major ac
tivities each with agoal. The hatched areas in the circles indicate an increasing understanding of 
the technological problem area as research progresses. Note that research may constantly re
cycle. 

Activities 	 Goals 

1 Diaqnosis 	 Common definition of problem by farmers and 
scientists 

2 Interdisciplinary team research 	 Identify and develop a potential solution to the 
problem 

3 On-farm testing and adaptation 	 Better adapt the proposed solution to farmer's 
conditions 

4 Farmer evaluation/adaptation 	 Modify technology to fit local conditions; un
derstand farmer response 



Andean houses has a roofed veran- to experiment and use the 
da that permits entrance of indirect technology on their own. 
light. The job of understanding the 

With farmer cooperation, the farmer's evaluation was by both 
team iet up experiments under the social and biological scientists. It is 
veranda using conventional seed clear, however, that just as the 
trays taken from the txperiment biological scientists took the lead in 
station stores. In other words, no the physical design of rustic stores, 
new store structures were built, the social scientist assumed more 

112 	 Rather, the wooden trays in which responsibility in the farmer evalua
the seed had been stored on the ex- tion. 
periment station were stacked Interestingly, the first opportuni
under the veranda in such a way to ty for farmer evaluation came not in 
allow indirect light to reach the Peru but in the Philippines in 1978, 
seed. a ClP post-harvest technologist 

These on-farm trials yielded worked closely with national potato 
positive results similar to those b1- program workers to diagnose 
tained in the on-station ex- storage problems in the Philippines 
periments. Farmers expressed in- main potato producing region. At 
terest in the new storage that time, the technologist served 
technology - but were concerned as his own social scientist by draw
over unavailability and cost ol seed ing on the Andean experience with 
trays. anthropologists. 

As a result of this feedback from A series of farmer meetings and 
farmers, the technologists designed informal interviewing led to the 
simple collapsible shelves con- suggestion that diffused light 
strutted from locally available, storage might be relevant to the 
rotghhewn lumber. These were us-	 region. As a consequence, farmers 
oe n 	 in a small community decided toed in a second series of on-farmieetasaldmntainsetrials, 	 erect a small demonstration seed 

store using municipal funds. This 
Again, results in terms of improv- was followed by five more 

ed seed tuber quality and increased demonstration stores built in a 
yields were similar to thos', obtain- Philippine Potato Program-CIP 
ed on the experiment station. Due joint effort at strategic points on 
to lower cost and familiarity with the national road leading through 
materials -nd rustic design, the potato production are-a. 
farmers could relate more closely to The post-harvest team, working 
the diffused light stores. The with national potato program 
technology now appeared ready and workers, discovered at least 40 
thus entered the final phase of farmers in the area had made 
farmer use, adaptation, and diffu- alterations in their seed storage 
sion. practices, mainly by allowing for 

diffused light. By 1983, the number 
Farmer Evaluation: of adopters increased to more than 
The Last Judgement 700 and the innovation continued to 

But would the farmers test and spread. 
use the technology at their own ex- The opportunity for farmer 
pense and time. Thus, a follow-up evaluation in Peru came a year
evaluation was necessary, not only later, after the national research 
to validate or negate preceeding began establishing demonstration 
research phases, but to seek new stores. Follow-up studies showed 
directions in improving the that farmers on the coast and in the 
technology. Central to this evalua- highlands had started making 
tion was need to obtain information changes in their storage practices. 
on farmers' behavior as they began The Peruvian patterns of adoption 



and adaptation were sL. 1, 7gly 
similar to those in the Phil es. 

Initially, farmers took a cautious, 
wait-and-see attitude toward the 

technology. They often ex-
perimented, jointly or singly, with 
small amounts of seed before mak-
ing large-scale changes. To gain 
flexibility, some used the diffused 
light principle for part of their seed 
but continued to follow traditional 
practiL 2s for the remainder. A 
positive propensity to adopt was 
found in close-knit communities or 
with voluntary farmer associations, 
often involved in active seed ima-
provement programs. 

Investigations of farmer response 
revealed that in both countries, the 
new technology was continuously 
being refined and altered by 
farmers. In other words, adaptive 
research - but this time almost ex-
elusively through the initiative of 
farmers. It continued well after the 
scientific team had finished its ma-
jor adaptation andi testing ac-
tivities. Farmers rarely copied ex-
actly the prototype store (esigns. 
They blendeu the new ideas with 
local architecture and, if a new 
store was constructed, made 
changes to suit their own concepts 
of space and design. Farmers were 
proud of these changes, and the C I 
post-harvest team is convinced 
farmers will lte more likely to accept 
changes if they actively participate 
in this final research process. 

Farmer-Back-to-
Farmer Model 

With the rustic seed storage 
technology in a refinement and 
transfer stage, the post-harvest 

team took a new look at the general 
problem of consumer potato 
storage. As a result a model called 

was for"Farmer-Back-to-Farmer" 
mulated. Although not entirely 
novel to agricultural research, the 
model (see accompanying figure) of

fers a rarely followed hut viabl,
 
alternative to traditional applied
 

agricultural research and exten- 113
 
soin.
 

The basic philosophy upon which 
the model is based holds that sue
cessful lL~ricultural research and 
develoi I, ent must bn'q 11 and emt 
with /o,im r partici pation. In prac
tice, this means obtaining informa
tion about, and achieving an 
understanding of, the farmer's 
perception of the problemi andt final
ly to consider the farmer's evahla
tion Of the solution. Thus, research 
must strive to close the circle, from 
proper identification of the problem 
to farmers' acceptance or rejection. 

Technology should not simply le 
designed, introduced and abandon
ed !;y applied scientists. Informa
tion must be collected on the 
technology's acceptance or rejec
tiln by farmers, the final judges as 
to the appropriateness of a propos
ed technology. Until this point, all 
scientific evaliations remain at the 
level of hypothesis. Unless the circle 
can be completed, unless research 
results reach the farmer, prior ef
forts may have been fruitless and 
research findings are shelved in 
science archives. 

This brief account '; ,drawn from 
Rhoades, R., and R. Bor th (1982). 
Farmer-Back-to-Farmer: a model 
for generating acceptable agri
cultural technology. Agricultur-l 
Administration 11, 127-137. 
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No. 3 Illustrative Case
 

Learning from a Developing Country: Tissue 
Culture and Rapid Multiplication in Vietnam 

CIP and national programs in many developing countries can 
benefit from studying experiences of researchers and farmers in 
the Dalat area of Vietnam. This is the first known case where 
farmers are applying tissue culture techniques on a commercial 
basis to generate planting material for seed and table potato crops. 

Tissue culture methods are being successfully used by farmers 
with a minimum of facilities and training. Previously a laboratory 
operating under sophisticated conditi. )wswas believed to be 
necessary.
 

Vietnamese farmers in the Dalat area are now rooting tiny in 
vitro cuttings in a subsoil-manure substrate to produce mothei 
plants from which apical cuttings are taken. Some 10 to 12 
harvests of apical cuttings (one harvest a week) are obtained over a 
3-month period from these mother plants which are kept in a 
juvenile stage (producing apical portions with no more than four to 
five simple leaves). 

The potato was introduced into most European varieties 
Vietnam by French missionaries in degenerate(] and disappeared, ex
the late 1800s. The first published cept for Thuong Tin - identified 
reports on potato production ap- later as the variety Akersegen, 
peared around the beginning of the originally released in Germany in 
20th century. Less than 5,000 hec- 1929 - which persisted and is still 
tares of potatoc.i were grown in being grown. In the south, no new 
Vietnam before 1970, primarily in seed was imported after 1975, and 
areas surrounding the larger cities varieties like Greta, Desiree, and 
of Haiphong and Hanoi in the nrth, Cosima gradually degenerated but 
and the central highlands around were still commercially grown in 
Dalat, 300 kilometers north of Ho the I)alat arca until 1981. 
Chi Minh City, in the south. Since 
then, potato production has expand- In the late 1960s introduction of 
ed at a rapid pace. At present early maturing ric2 varieties caused 
743,000 tons are grown on 75,000 a drama 

of the most rice monocultural system of the Red
hectares. This is one 
raid rates of increase ot any cro River )elta in the north. As a result 
in any developing country. farmers coulh grow two rice crops a 

In Vietnam's northern provinces, year - one from ,June to October 
new potato varieties and clean seed anud the other from February to 
were imported from France up to May. This left a 3-month, dry 
1956. During the next two decades, winter period from about mid-

Pzrevious Paga Blaak
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Apical cuttings are rooted in rolled banana leaves 
(below) and later sold to other Vietnamese 
farmers for planting directly into the field. 

October to mid-February during (nmeristern), Variation is 
which another crop could be grown. minimal, prohaldly equal to 

In 1973, a high Vietnamese of- variation in nmrnal asexual 
fic~al visited the LIboratory of reliriluction. 
Plant Morphogellsis at ()rsay , lider low light arid low 
University in France. There he was nutrient conilitions, the 
introduced to the ideas that: juvenile stage cau le maintaini

'Potatoplants estailislie, in ed fo"r hl periods. 
tissue culture return toI a Upn ret uni ng t i etna th 
juvernile st age .'haracterized hy I, ng Vi the 
rapid rooting and leaf 'devel- official requested that the National 
ment and vigorous growth. (?enter for Scientific Research in 

serid I" slli scientist to F'rance to* 	The juvenile stage of a lilant is learn these techniques. Nguyen Van 
a baseline for' multirlicatioi. Uyer was chosen to go, and on his 
proihuce an inlfinite niumber (it
.c.Coies." 	 return a tissue culture laboratory 

was established at the research sta
* 	If started from a well- tioilinlDalat, part of the Center for 

organized structure Experimental Biology. By late 1977 

. .. 

Kt !' 
4 ' 
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experiments were being conducteu 
using these techniques. 

In less than a year, technicians us-

ing the predominant variety, 
Thuong Tin, found that a single in 
vitro nodal cutting could produce at 
least four cuttings in less than a 
month. With subsequent in ',itro 
multiplications, this, theoretically, 
meant that 12 to 16 million plantlets 
could he produced from a single in 
vitro plantlet in a year. It was also 
found that each in vitro plantlet 
transplanted directly to) the field 
would produce several small tubers, 

These findings, v,,upled with 
strong farmer deniand for better 
planting material, encouraged the 

Some Vietnamese
 
farmers use homebuilt
 

units to replace
 
sophisticated and expensive
 

laboratory equipment (below).
 

research station to develop a
 
multiplication system to meet four
 
requirements:
 

* [lave adisease-free environment.
 
° Be simple and inexpensive.
 

* Have a rapid multiplication rate. 

* 	 Fit into the climate of Dalat
 
where potatoes can be grown
 
year-round. 

Tissue culture fulfills the first re
ouirement, because plantlets in test
 
tuhes can be maintained in a
 
disease-free environment. The plant
 
part used for multiplication must be
 

as young as possible and small
 
enough to minimize space and
 
material requirements. However, it
 

I 
.h 

10 

V.-f 



118 

was necessary to find substitutes year-rot nd in I)alat; some had bet
for large numbiers of expensive and ter resista'w, tl late Nlight than the 
often tInavilablle test tubes. European varieties. 

Instead of large numlers of test With experience, researchers ex
tubes, use Of 'uttings deriveid from tended the lifetime of the in vitro
plantlets in test tubes was explored. derived mother plants and the 
Through trial-and-error, including iniber of apical cuttings harvested 
the use of, washed sand in beis, it from each one. To avoid a high mor
was discovere(l that in vitro cut- tality rate (luring the dry season, 
tings could be multip lied1 in non- apical cuttings were r ooted in pots 
sterile cOlditiOlns of subsoil miXed where they could be cared for and 
with manure. Under these condi- protected from sun and wind. 
tions the growth substances, sugar Several types of pots were tried, 
and agar, were not used - they but farmers selected banana leaf 
represented a large percentage of pots, which are inexpensive, easy to 
total operational costs - ailli the make, and hold soil moisture well. 
multiplication rate was the sameas 

r sterile c~In itin,. 
The original idea 
rooted cuttings in 

was 
high 

tI plat 
detisities 

The potential for a r-api, and produce large amounts of small 
multiplication system was known, seed tubers in easy-to-control areas. 
so rooting nodal cuttings was tried The farmers, however, rejected this 
in sandbeds and transplanting to idea and transplanted the rooted 
rice paddys. Vigorous plants 
obtained. 

A climate that permitted 

were 

con

apical cuttings at normal field den
sities to produce large tubers for 
immediate sale. 

tinuous planting was the fourth re- From more than 60 cultivars ob
quirement. By working year-round tained from CIP, three have been 
even with minimum facilities, the selected and released: Dalat 006 
local demand could be meit more (late blight and potato leafroll virus 
easily than by working a short time resistance originally from Argen
using sophisticated facilities. tina), and Dalat 012 and 004 (late 

A turning point for tissue culture 
and rapid multiplication work in 
Dalat was reached in 1979, when
Van Uyen took part in C
sponsored Course ip the Philippines 

blight resistant from Mexico). Two 
others, bo'h with late blight 
resistance, are being tested in 
fa-farmers' fields -nd look promising:
N-503-31, a neotuberosum from the 

where he learned about rapid United States: aad P-3, a CI1P clone 

multiplication techniques and, addi-
tionally, that improved germplasm 

named and released in Peru as Per. 
richoli. 

could be obtained from CIP. The The potato crop harvested in 1981 
research station at Dalat received by both farmers and the research 
17 in vitro cultivars from CIP dur- station cadsed considerable interest 
ing 1979 and 1980. They were in Dalat. Farmers got high yields 
adapted to tile short-day growing and had almost no late blight infec
season and could also be grown tion in the three varieties selected. 
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For the 1981 harvest, these 
varieties averaged more than a 

The rapid multiplication techni
(ile used in the I)alat area remains 

kilogram of tubers per plant from essentially tile same, except for 
transplanted cuttings. minor modifications and im-

Farmers in the l)alat area, ir- provements. Twelve farmers, called 

pressed 
produce 

that a 
a good 

tiny cutting could 
harvest, began to 

"satellites,' in 1983 produced and 
sold nearly 3 million rooted 

buy rooted cuttings in small 
numbers from the research station, 

plantlets to cooperatives for 
transplanting directly to the field. 

Almost all gave high yields. S)on,
asdemand exceeed supply, sev ral 

Cooperatives sell or multiply tubers 
from these plantlets in the tradi

farmers began to root cuttings pur-
chased from the research station -

tional manner 
potatoes. New 

for seedl or table 
(ultivars from CIP 

they followed the steps they had have rel)laced all old varieties 
observed at the station. To avoid l)lante(d in the 400 hectares in the 

purchase of large numbers of cut-
tings, some farmers set up soil beds 

Ialat area and yields 
tons per hectare. 

average 18 

and began to use the apical cuttings The tissue culture techniques us
as mother plants in their homes. ed for potato production in the 

Apical I)alat area are profiLable because: 

cutting. * Germplasin is maintained inex-
Growing 
tip plus 

pensively 
tion. 

without virus infec

three * New, healthy planting material 
expanded 
lateral 

is obtainable when needed 
without the expense of foreign 

leaves, exchange. 
e Farmers' yields are increased. 

(In Dalat, yields have more 

;!\ 
than doubled with tile 
varieties selecte( from 

new 
CI' 

materials). 

Finally, several farmers took a This account of tissue culture and 
more sophisticate( step and began 
to multiply plantlets in vitro. After 
several attempts, the most suc-

rap id multiplication is alal te(I fro m 
a speech given by I)r. Nguyen Van 
Uyen, director, Research Centel- for 

cessful farmers developed famiiy-
sized laboratories in their homes as 
well as rooting areas for rayil 

Experimental Biology, Ito Chi Minh 
City, Vietnam. lie spoke during a 
workshop onl tissue culture and 

multiplication adjacent to tile rapid multiplication techniques 
house. Equipment and instruments, February 1(-24, 1984 conducted in 
mostly Ihomemade, were kept in-
side. These farmers recovered their 
total investments within a few 

Vietnam by the International 
Potato Center anl attended by 15 
Iparticipants from eight Southeast 

months. Asian countries. 
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No. 4 Illustrative Case 

A Small, Effective Seed Multiplication
 
Program: Tunisia
 

Tunisia demonstrates a small, but effective, seed program. It was 
established 	 with partial external funding and technological 
assistance, 	 but is now fully institutionalized in the country's 
research-extension system and financed entirely with local funds. 

The program's impact on potato production and its economic 
benefits are great. The program's net internal rate of return is now 
estimated to be at least 40% and is projected to be over 100% by
the end of the decade. These returns are considerably higher than 
those offered by most other Tunisian development projects. 

Three keys to the success of the Tunisian program are: 
1. While CIDA (Canada) provided funds and CIP provided

technical assistance, the seed program was established within the 
existing framework of national institutions and was perceived, 
from the outset, as a Tunisian program. 

2. The program focused on solving an apparently simple, but im
portant problem: seed in poor physiological condition. 

3. As the seed program expanded, high quality standards have 
been maintained. 

Through CIP's regional programs, other countries are learning 
from experience of the Tunisian program. 

Since independence in 1956 the ed since the early 1960s, and now 
Tunisian government has promoted totals 140,000 tons produced on 
cultivation of potatoes and other 12,000 hectares. Potato production
high-value vegetable crops in newly isexpanding much faster than total 
irrigated areas, known as "ir- food production in Tunisia. 
rigated perimeters." As a conse- Potatoes are grown in three 
quence, potato production has tripl- distinct seasons (Table 1). The eary 

Table 1. Characteristics of three potato seasons in Tunisia. 

Season 	 Main Area Yield Production Use of
 
seed (000 ha) (t/ha) (000 t) output
 
source
 

Early Imported 1.9 12 22.2 Local market
 
and export
 

Main Imported 7.4 14 103.7 Local market
 
Late Local 3.1 10 30.9 Local market
 

and export
 

Pvious Page $ank
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The contribution of CIP scientists comes fre
quently in short-term consultancies with objec
tives well defined by the host country. This 

''method avoids problems based on massive input '' 
of 'experts.' 

crop is in frost-free northern coastal 
regions, while the main and late 
crops are grown both in the coastal 
regions and in irrigated areas 
throughout the country. Yields are 
higher in coastal regions than in the 
newer irrigated perimeters, and 
higher in the main season than in 
early and late seasons. 

Tunisian farmers depend upon 

imported European seed for 
planting the early and main crops. 
The late crop is planted with tubers 
harvested in the preceding early 
season. 

The National Potato 
Program 

The Tunisian National Potato 
Program was established in 1976 
through agreement between the 
Government of Tunisia and ClI1. 
Under this agreement a 5-year 
cooperative program began, with 
funding from the Canadian Interna-
tional Development Agency (CIDA) 
and the Tunisian government. CIP 
provided a full-time potato 
specialist as well as technical and 
administrative backstopping. 

Under terms of the agreement, a 
"Technical Committee' was 
created within the Ministry of 
Agriculture to coordinate im-
plemen tati(n of national policy 
regarding the Ipotato crop. This ap
proach differed from that of many 
other development projects which 
bypassed local politics by setting up 
their own, autonomous ad-
ministrative structures, 

Planners and executors of the 

Potato Program, instead, worked to 
strengthen existing institutions and 

- Mustapha Yasram, Tunisia. 

facilitate coordination of their ac
tions through the Technical Corn
mittee. 

Five Tunisian institutions were 
most directly involved in the pro
gram: 

GIL: Groupement Interprofes
sionnel des L(gumes, responsi
ble for seed multiplication.CR e AD:Ceted 

CPRA de SAIDA: Centre de 
Perfectionnement et Recyclage 
Agricole, responsible for train
ing. 
INRAT: Institut National de 
Recherche Agronomique de 
Tunisie, responsible for 
research. 
INAT: Institut National 
Agronomique de Tunis, 
Agricultural School. 
D.P.V.: Direction de la Produc
tion V~gtale responsible for ex
tension. 

In 1976 the new Tunisian potato 
program team and consultants from 
CIP concluded that simple seed 
multiplication for the late season 
should have top priority for potato 
research, extension and training. 

The Tunisian-CIP) team observed 

many single-stemmed plants in both 
early and late season potato fields 
indicating that seed tubers were 
physiologically "too young" at 
plant: ng time. 

Because potato crop yields are 
highly correlated with the number 
of mainstems per plant, the team 
hypothesized that yields could be in
creased by seed management prac
tices, such as choice of 
physiologically mature seed 
harvested as early as possible in the 
preceding early season, better 



CIP's working method differs from that of
 
similarinternationalinstitutions... execution
 

6 of cooperative programs[is] the responsibilityof
 
the nationalscientists and technicians.
 

-	 Mustapha Yasram, Tunisia. 
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storage, and breaking off of' apical * desprouting locally produced
 
sprouts before planting. These seed tubers before planting in
 
measures would increase the the late season.
 
number of vigorous sprouts and
 
stems produced by each seed piece, Program Costs
 
and hence increase yields. and Benefits
 

Seed multiplication specialists Few seed programs established in
 
from GIL began testing this developing countries with foreign
 
hypothesis in on-farm trials and ex- technical assistance have produced
 
ploiting the research results in the a significant proportion of the total
 
seed multiplication system. Soon, seed requiremen. In fact, most
 
CPRA and INAT began incor- have collapsed after a few years.
 
porating findings into extension The Tunisian program is an excep
and training mv.;sages for farmers. tion.
 

On-farm trials showed that yields Beginning with 64 tons in 1977,
 
in the late cIrop could be nearly improved seed production for the
 
doubled through improvements in late season rose to about 900 tons
 
seed phy:iiology resulting from: per year in 1981-83. This is about
 

• 	 desprouting imported seed and 20% of the late season's total seed 
earliest possible planting of the requirement.
 
seed crop in the early season, After a brief initial period, the
 

• 	 early harvesting of the seed program's annual benefits have ex
crop and elimination of ceeded costs (Table 2). For 1976-83
 
unhealthy tubers before discounted benefits exceeded costs
 
storage, and by a wide margin, and the project's
 

Table 2. Estimated costs of seed program 1976-83 (000$). 

Program budget Increased Total Benefits
 
cost of costs
 

CIDA+CIP GIL seed
 
1976 90 24 0 114 0
 
1977 90 24 7 121 36
 
1978 90 30 13 1:33 90
 
1979 90 30 26 146 182
 
1980 90 36 59 185 385
 
1981 35 42 85 162 544
 
1982 20 42 71 133 419
 
1983 0 54 66; 120 502
 

Sources: Project proposal and progress reports, CIP Accounting )epartment, and 
annual reports and personal communications with staff members of Tunisia's 
Groupement Interprofessioinel des L1gumes (responsible for seed multiplication). 



The third specificity of CIP [after working 
method and nationalprogram]and not qf lesser 
importance, is the trainingprogram. 

- Mustapha Yasram, Tunisia. 
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internal rate of return was about A new cold store for the seed pro
40% - much higher than the gram has been built, and in 1984 
returns of most other development seed is being cold stored for the 
projects implemented in Tunisia first time for large-scale planting in 
during the same period, the early season. 

Tunisia's seed program is well 
established, and since 1982 all its "Spillover" Effects 
operational costs have been locally The economic rates of returns 

funded. Plans are to continue seed noted above are on the conservative 
side, since calculations consideredmultiplication for the late season at 

about the present volume, and also all program costs but only the direct 

hold future program costs at pre- benefits resulting from use of im

sent levels. Thus, the anticil)ated in- proved seed, distributed by the pro

of return for the seed gram. In fact, the seed program hasternal rate 
program over the entire period had many "spillover effects," both 

national and international.1976-1990 is a minimum of 50%. 

In 1983 the Tunisian program Many Tunisian farmers have 

began to produce seed for the early learned - from training courses, 
season, to substitute for imported field days and observing their 

seed which generally reaches neighbors' fields - how to improve 
own seed stocks. Hence, totalTunisia soon after harvest in their 

Europe and is still dormant and low benefits generated by the Tunisian 
far exceed theyielding. On-farm trials indicate Potato Program 

that cold-stored seed from one value of yield increases resulting 

year's early season harvest (May- from use of improved seed 

June) until planting time the next distributed by GIL. 

early season (November-December) Benefits have also crossed na
outyields imporLed seed, despite its tional boundaries. More than 100 
higher levels of virus infection, scientists and extension agents 

Table 3. Participants in international training courses held in 
Tunisia 1977-83. 

North Africa Central Africa 
Algeria 15 Burundi 9 
Morocco 12 Rwanda 8 
Tunisia 32 Zaire I 

West Africa Other Countries 
Guinea 1 Cyprus 2 
Ivory Coast I Jordan 1 
Mauritius I Madagascar 8 
Senegal 3 Syria 2 
Togo 3 Turkey 9 
Upper Volta 1 

TOTAL 109 
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have been trained in International North and West Africa, based in 
Francophone Production Courses Tunisia. 
held annually in Tunisia and in This discussion is briefed from 
specialized courses (Table 3). lHorton, 1). and A. Monares (1984). 

A small, effective seed multiplica-
Beneficial horizontal transfer of tion program: Tunisia. Social 

technology among countries was ScienceDelurtmncit WorkingPaper 
formalized in 1982 when CIP 198)0-2. International Potato 
established a regional program for Center, Lima. 
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No. 5 Illustrative Case 

Building An Effective 
Country Program: Rwanda 

PNAP in Rwanda illustrates how a simple, yet highly effective,
 
potato improvement program can be established in a short time.
 

PNAP is considered by many Rwandan authorities and foreign

observers to be the country's most successful agricultural develop
ment program and it is being used as a model in Rwanda and in
 
neighboring countries.
 

Four keys to PNAP's success: 
First, since the beginning, PNAP has had strong support from 

the Ministry of Agriculture. This commitment is illustrated by the 
Rwandan government's financial support which now amounts to 
more than 75% of PNAP's local operating budget. 

Second, since its inception PNAP has introduced farmers' needs 
and points of view into research planning, implementation, and 
technology transfer. Through its on-farm research PNAP focuses 
research and extensioni on the solution of farmers' production pro
blems. As a result, potato research is relevant and makes a 
valuable contribution to Rwanda's Agricultural development. 

Third, PNAP focuses on a few priority lines of action which res
pond to farmers' most pressing needs and do not require
sophisticated research facilities or complex institutional ar
rangements. 

Fourth, dissemination of improved varieties has been rapid
because PNAP's well functioning seed program is linked to a na
tional seed service and development projects which distribute seed 
throughout the country. 

PNAP's success is spreading to neighboring countries through
the regional networking of PRAPAC (Programme Regional
D'Am6lioration de la Pomme de Terre en Afrique Centrale). 

Situated in south central Africa, Rwanda is small and densely
populated. Its land is hilly with high average altitude. The country
is landlocked, has few natural resources, and has underdeveloped
physical and institutional infrastructure. Foremost among
Rwanda's problems is its rapidly growing population, currently
estimated at 5.2 million, or 722 persons per square kilometer of 
agricultural land - among the highest in continental Africa. The 
rate of population growth, 3.4% per year, is one of the highest in 
the world. 

Previous PaoQ Blaak 



The growth in potaioproductionstemning.l1'row 
PNAP'.3 activities, reflected both in.iirmers' diet 
and income, has been dramatic.Potatoeswre now 

6 , 	the most important crov in the Project area by 
weight and by value. Maize is second. 

- Rwanda-lFAl) Maize Project Report, World Hank/lFC. 

Potatoes in Rwanda's 

Agriculture 


The potato is one of Rwanda's 
most important an(d fastest growing 
foodcrops. In the last 20 years the 
area under potatoes grew front 
about 18,000 hectares to 35,000 
hectares. Total potato production is 
now more than 225,000 tons a year 
and annual per capita consuml)tion 
is about 34 kilograms. The annual 
growth rate of potato production is 
double that of population growth. 
Hence, over time potatoes play an 

increasingly significant role in 
Rwanda's diet. 
Only about a third of Rwanda's 

total fooderop loroduction is solh in 
the market tplace. But the marketed 
share is increasing, particularly in 
the case of potatoes. Growing food 
demand in urban centers has 
stimulated significant increases in 
potato prices. As a result, potatoes 
generate higher returns per hectare 
than most other food crops, and 
they are displacing both traditional 
and cash crops. 

Members of women's cooperative grow 
potatoes for cash income. 

Il-ll
9 
4 AN' 

4 ~F ~j 
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...diffusion of PNAP improvements is occurr
ing with,for instance, small-inrmer[multipliers]
 

6 6 spontaneously taking 'up seed potato multiplica
tion and sales...
 

- ltwanda-lFAiD Maizc Project Report, World Bank/IFV. 

Potatoes are grown ,:iunly be- Bufumhira, and Condca - are 
tween 2,000 and 2,400 meters cultivated by more than 80% of 
altitude on the Zaire-Nile l)ivide. Rwanda's 100,00(0 potato farmers. 
Potato cultivation is most intensive Farmers prefer the first two (in
on Rwanda's northern volcanic troduced from Mexico), over other 
slopes, where temperatures vary lit- varieties because of their resistance 
tie from the 17 degrees (C) aver ige; to late blight and relatively high 
and annual rainfall is about 1,500) market price. 
millimeters. Ilere, potatoes are 
grown nearly year around. 'Ihe degeneration rate for seed 

)otatoes is how in most potato pro-
Approxinmtely 60% of"the t otal duciig areas, permitting farmers to 

potato crop is destined for home replant tubers harvested from their 
consumption on small farms with an own fields for several years before 
average size of one-half hectare. In virus infection substantially reduces 
most areas, potatoes are grown in yields. For this reason, only about a 
mixed cropping with maize, third of the farmers buy seed each 
sorgh um, beans, and Pes season, and si)me varieties in-
However, nio nocroppi g f troduced in the country 40 years 
potatoes is increasing, ago are still cultivated. 

The main inputs in potato prooluc
tion are seed tubers and lasbor. Use 
of purchased inputs, such as The National Program 
chemical fertilizers, pesticides and I)uring the colonial period Rwan
machinery, is extremely limited. dan agricultural research was by 
The average production cost using the National Institute for 
traditional technology is less than Agronomic Studies in the Belgian 
$500 per hectare; seed tubers ac- Congo (INEAC). After in
count for a third and labor the re- dependenco, 1962, the Rwandan In
mainder. stitute for Agricultural Sciences 

(ISAR: Institut des SciencesPrincipal factors limiting potato 
in lwanda are late Agronomiques (hi Rwanda)production 

was 

blight (Phytophthora infjlrius)and established. )evelopment of 
acterial wilt (ISAR's research program was

hacterial wit (l'ndry ()100 severely constrained by lack of 
straints include lack of fungicides trained manpower. Belgium provid
stanfetinlue lack dengrti cd ISAR with technical assistance 
and fertilizers, sees degeneration staff until 1982. By that time only 
caused by viruses, amo i)1)0)r one ISAR scientist had obtained a 
storage. l'l.I). in agricultural science, one a 

Many of some 20 varieties of degree in veterinary science, 13 had 
potato now grown in Rwanda were agronomy engineer (Ingenieur 
introduced years ago and have bcen Agronome) degrees, and two had 
maintained by farmers with no for- bachelor of science-level degrees. 
mal seed program. The six most Four foreign experts cmtinued 
popular varieties - Sangenma, within ISAR, two wc,-king on 
Montsama, Muhabura, Gashara, potatoes and two in fore ry. 
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CIP's regionalojfice in Nairbihas several times 
flown in materials. Thani"; also due to our 

6 	 neighbors in Rwanda who, with their CIP col
leagues, have provided basic seed, thus speeding 
up the seed multiplicationpr)gramme. 

In 1979 the National Potato fin-
provement Program (PNAI)) was 
established in cooperation with 
CI P. It was financed by Belgian 
Technical Cooperation, the Rwan-
(fan government, CI), and I'NAIP 
itself (from seed potato sales). 

Prior to PNAP, pottto researoh 
was limited to some variety trials 
and seed multiplication in coopera-
tion with farmers. However, effec-
tive research and seed potato pro-
duction were limited because of lack 
of trained personnel and scarcity of 
physical facilities. 

PNAP now has a 4-hectare 
research station and a 45-hectare 
seed farm in northern Rwanda. It 
employs five Iwandan scientists, 
two 	 expatriate CII' scientists, 10 
technical and clerical staff, and 
about 80 field hands. 

PNAP's Rwandan director makes 
all program implementation deci-
sions. CIP personnel share respon-
sibility for technical development 
with Rwandan colleages in the 
program. The position of research 

- Mr. Kafurera, lurundi. 

coordinator is held ;y a ( I' scien
tist. 
PNAt strives for simplicity and 

practical application of research in
formation. A key element of 
I'NAI"s philosophy is that research 
should respond to larmers' needs. 

Io overcome problems limitin, 
potato production, the national pro
gram foc'ses on: 

, Selection of varieties resistant 
to late blight and bacterial wilt. 
t
 
Operation of a seed multiplica
tion system. 

* On-farm research. 

- Training national researchers 
and eXtlenSionists. 

Germplasm Evaluation 
From its inception, PNAI's 

breeding program focused on iden
tifying varieties resistant to late 

blight and bacterial wilt. Since 
1979, PNAP introduced and tested 
more than 18,000 different 
genotypes; most were from (II', 
others were from Belgi:m and 
Uganda. 

Table 1. Potato clones released and named as varieties by PNAP 
in 1982. 

Name Clone 

number 


Gahinga Uganda-1i 

Rukoko 
Petero 
Murca 

Kinigi 378699.2 

Nseko 65 ZA 5 
Gasore Grasso-28 

Source: PNAP technical reports, 1984. 

Characteristics Yield 
t/ha) 

Late blight, 15-25 
high yield 

Late blight, 20-25 
high yield 
Late blight 20 
Earliness 10-12 
(75 days) 



Politicallythe potato takes the first place in Rwanda
 
through the approach by CIP/PNAP team to develop
 
the crop. It became a model for other commodities.
 

6 ( 	Government of Rwanda attached more personnel to 
PNAP due to CIP presence in the country, than it 
would have done otherwise. 

- M. 	 Ilicamumpaka, Rwanda. 
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PNAP selected and naned in tification program, 'NAl' uses sim
1982 four late blight resistant pIe techniques to supply farmers 
varieties with yields in the general with imprnved quality seed. The ra
range of' 20 tons per hectare: tionale for this apr)roach i:; based on 
Gahinga, Kinigi, Nseko, and Gasore two key co nsidtrations: First, virus 
(Table 1). Gah inga, Gas(re and degeneration of seed is slow. Se-
Kinigi are presently being con(l, the country cmnot afford 
multiplied by PNAP, the Selected sophisticated resl. rcl facilities 
Seed Service (SSS: Service des such as a virology laboratory. 
Semenees Selectione'es), special Rwanda's seed production system 
projects and selected farmers, is based on mass selection. Without 
Gasore is early, and can he post-harvest virus testing facilities, 
cultivated two seasons each year, the system depends primarily on 
especially in the lower nd drier fiel olbservation of plant vigor and 
areas. Nseko, which is susceptible thf! proportions of' healthy and 
to bacterial wilt, wi!l probably be (lisease(Iplants. 
dropl I'd f'romi the mulItipl ication 
dropdr th utThe seed program now produces 
pr'ogram, about 250 tons of seed per year of 

Key factors to the rallid selection which about 200 tons are 
of varieties in Rwanda are: distributed to seed multiplication 

* 	 weather conditions in the projects throughout the cotuntry.
 
volcanic region permit two PNAP does not multiply the older
 
crops for selection each year, lfcal varieties. About 50% of the
 

" PNAP's scientists use rapid seed prodaced and distributed is of 
multiplication techniiq ues new Rwandan varieties selected
 
(mainly sprout cuttings) to in- from genetic material introduced by
 

crease basic seed stocks, CII1.
 

" on-farm trials are used for The result is an increasing 
screening and evaluating ad- numl)er of' Rwandan farmers with 
vanced clones un(ler farmer access to inproved seed which 
conditions. gradually replaces old, degenerated 

varieties. Farmers are eager to 
Seed production and replace their old varieties with new, 
distribution, late blight resistant varieties. Pro-

Rather than attempting to Iluction of imnirovel seed is still 
establish a solhisticated seed cer- significantly lower than current 

A signij'icait contributionis alreadybeing nuade by PIVAP
 
which since 1979 has been screen ing potato varieties,
 
breeding new varietiesfir improved terfin'na e under
 

6 	 local conditions, and releasing seed potato,,s of itniproced 9 
varietiesto projects, cooperatiesand the likejb' bulking up 
and distributionto firmers. 

-	 Rwanda-IFAD Maize Project Report, World Bank/WFF. 
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farnier demand for seed. Yet, siguificantly as cultivation of new 
reports from seed projects and varieties spreads. Given tile slow 
preliminary surveys indicate that virus degeneration rate, the 
akout 7,000 hectares, representing multiplier erff ct of a smoall stock of 
18% 'Y t the tt tal potato area, are clean seed is great. 
now planted with seed originaling Of Research 
from the national secd program. 
The average yield increase on farms I'NAP conibines experimnentation 
due to use of imlwoved seed is and technology transt'ei in on-farm 
estimated to he about 3 tons per 
hectare - a 10% increa.;e over Table 3. Benefits and costs of 
traditional seed. Newly selected PNAP seed program in cur
varieties often yield twice is much rent and discounted values 
as conimion farmer sed in on-farm (000 US$) and internal rate of 
trials (Talie 2). return.
 

An economic analysis indicates
 
'hat, after a short start-up period, Current values
 
'te seed nutholication program's Year Benefits Costs
 
benefits have far 'wxceeded its costs 1978 0 27
 
(Table 3). As of 1985 the program's 1979 0 1S8
 
internal rate of' return is rojected ,9 80 0 310
 
to he 40'% - more than twice the 1981 
 23 362
 
return offered hy most development 1982 17:3 352
 
projects in the country. Since tile 706 360
 
irigram is ex ectd to cntinue 9 1,526 358
 
ojerating at the samle scale, the 198,1 
future rate of return is expected to 1985" 3,207 358 
lie Illuch higher. This is because Inlternal rate of return = 40% 
c'ts will rem;ill at about the same *elccfits and costs for 1984I and 1985 
level %% leefits alt (.stiiiitc:.hile illcrCaIse 

Table 2. Yield increase over farmer seed of three sources of im
proved potato seed multiplied by PNAP. 

No. of Yield 
on-farm 

trials It/ha) % increment 
Farmer seed 7 12.5 
Improved local varieties 8 15.3 23 
(Muhabura, Bufumbira)
 
Improved introduced varieties 72 17.5 .10
 
(Mnontsama, Sangena)
 
Locally selected and named 6.1 25.8 100
 
varieties
 
(Gahinza, Kinigi)

Source: MNAP Technical Reports, 19m.1. 
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trials. Every NAP scientist con- that resistant varieties are the most 
ducts on-farm trials in two corn- appropriate means of controlling 
munes in either Ruihengeri or late blight. Re!;ultIs of trials using 
Gisenyi prefectures. One scientist compost varied widely and were in
devotes full time to the I); 11ning, ciiUtwfu siye. l)i flu seld light seed 
coordination, and follow-up or thes, stores proved to he lIss approtpriate 
trials. Staff members condmuct more than traditional stores because 
than 80 on-farm trials each year. Rwandan fiarmers plant twice a 
The resulting close contact between year and need lheir seed to sprout 
researchers and farmers is a main im mediately after harvesting. 
reason for I'NAP's success if] rapIid- Storage in diffused light delays 
ly identiftying production proiiels 
and providing farmers with aii-

slroiting and hence is most useful 
where there is a longer ieriod be

propriate solutio ns. tween one season's harvest and the 

[iuring the first years (t iNAI's 
operaition, on-fari trials helped 
determine the main ci istraints to 

next planting. 

A survey of farniers after 
trials led to these conclusions: 

the 

potato prouction. Later they were • Farmers are more interested in 
used to evaluate new technoligies new varieties than ill any other 
at tile farm level. Currcntly, ali 
technoloigies developed iy PINA[ 

technology tested. 
Adoption of new technologies 

research are screened and tested it, radiated out from the sites of 
farm-level trials. on-frm trials. 

On-lrami trials use two adjacent 
plots: one for the fartier's common 

a Ttechnolgies 
costly inputs 

which required 
or substantial 

practice anI the otler for the pro-
posed alternative technlogy. 
Evaluations consider both yield and 

changes in tie fartninig system 
were not widely adopted. (An 
eyaliple is compost.) 

econoillic 
discussed 

re turnis and results ar 
with fatiiers. If col- Training Activities. 

sidereal successful in a large tuilliCr 
Of cases, thie new tec(to iiogy is then 
demonstrated in fiel days anI 

Estal ishment of' a otat o ro
gratn in any ileveloing ciiuntry re

irIes training. This was especcial ly 
recommended to farmers. 

During 1982-83 I'NAP coulucted 

true in Rwanda, because of the 
country's extreme scarcity of 
research and extension personnel. 

on-farni trials to evaluate four new CIP' has provided Rwanda with 
technologies: late Ilight control significant financial and technical 
with either fungicides or resistant support for training national per
varieties, use of compost, and dif- sonnel to conduct all effective 
fused light stores. potato program. 

Late hlight control, with either With Cl "s help and through ex
fungicides or resistant varieties, itl- ternal funding, intensive training 
creased yields considerably. Sitice has included in-service training, 
fungicides are expensive and not short courses in both Rwanda and 
generally available it was conluded abroad (Tunisia, Kenya, Peru, 
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Netherlands), an( a(ivance(l degree
training abroad. 

Twenty-three Rwandan scientists 
and technicians have participated in 
specialized courses and workshops 
from 1978 to 198:3 (Table 4). In addi-
tion, two scientistb obtained higher
degrees abroad. CllP also partially 
financed training for four techni-
cians in the Netherlands. Annually, 

NAP has averaged two in-country 
courses and a number of in-
dividualized and tpre- nrofussional 

programs which have trained more 
than 200 local extensionists, 
students from agricultural schools 
and farm managers. These training 
activities were in French and Rwan
(las local language. 

This discussion is based on 
Monares, A. (1984). Building an ef
fective country program: Rwanda. 
Soeirr Scienc lcjmrf ent Working 
Pae'r 9:,-,. International Potato 
Center, ljima. 

Table 4. Rwandese personnel trained througk CIP collaborative 
courses and workshops (1978-83). 

Year 

1978 
1979 

1980 
1981 

1982 

1983 

Subject 

Potato production 
Seed production 

Seed storage 
Agroeconomic 
methodologies 
Tissue culture 
Potato production 
Germplasm management 

Potato development 

On-farm research 
Potato production 
On-farm research 

Source: Cl1' files. 

Country 

Tunisia 
Kenya 

Kenya 

Rwanda 

Nigeria 
Tunisia 
Peru 

Ethiopia/ 
Kenya 
Rwanda 
Tunisia 
Tunisia 

)uration No. of 
pitrticipants 

4 weeks 2 
4 weeks 1 

2 weeks I 
2 weeks 9 

3 weeks 1 
4 weeks 2 
4 weeks 1 

I week I 

I week 3 
4 weeks I 
3 weeks I 

TOTAL 23 
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No. 6 Illustrative Case 

Changing a Post-Harvest System: The Case
 
of Diffused Light Potato Stores in Sri Lanka
 

Major changes in cropping systems are usually slow. And the role
 
of post-harvest technology in achieving them has seldom been
 
studied. The case you are now reading illustrates how collaboration
 
of an international agricultural r,search center, a National
 
Research Program, and Extension has started to lead to rapid im
provement i'i seed potato storage practices which may have far
reaching effects on cropping patterns in Sri Lanka's Badulla and 
Nuwara Elya areas. Introduction of diffused light seed storage
(DLS) help.,, farmers plant at optimal times, increase yields, reduce 
storage los'3es, and fit other crops into the rotation. The successful 

LS program also reduces dependence on imported seed and 
boonits the prestige of local researchers and extensionists. 

English planters grew potatoes in In the early 1970s, a CII' scientist 
home ga,'dens in Sri Lanka (Ceylon) visiting Sri Lanka noted: 
as early as 1850, hut only in the '119 government of Sri 
mid-1950s were organized govern- L . governmed a Sr 
ment attempts made to promote Lanka has issued a 10-year 
potato production.most Still, in theminI-1I960s POrtsworing that potatobe seed imof the 60,000) tons will gradually

decreased from current levels
of consumerthle were required about tons
feed natpotatoesio n to of 5,000impon)rte, ofaot500tnIona to near 
feedtile ntio were. imzero. This will he possible onlymainly from E ur!)pe. if the farm storage of seed 

A ban imposed on imlrtation of has a sound technoIogical 
consumer potatoes in May 1967 to base." - John Niederhauser. 
save foreign exchange resulted in 
increased potato prices and returns By 1980, the government had 
to farmers. Production expanded stepped up its effort 3 to reduce ii
rapidly and potatoes became one of' ports hy adopting a three-point pro
the main commercial vegetabhle gram: 
crops in highland areas. 1. l)evelop a national seed 

Since that time, potato priiuc- multidication program.
tion in Sri Lanka has been strongly 2. Improve seed storage.
influenced by the interplay of two 3 introduce use of true otato 
countervailing factors: (1) the seed. 
shortage of quality domestic seed s 
and (2) the Sri Lank a n Regarding the second point, CIP 
government's desire to save foreign and potato specialists in Sri Lanka's 
exchange by reducing seed potato Department of Agriculture have 
imports. collaborated since late 1979 to solve 
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Diffused light storaqe. .. helps farmers keep seed 
potatoes longer.., enabling extension of planting 
times and better distributionof production.Its major 
strengths are simplicity, adaptability, and ap
propriatenessto local situations. 

post-harvest problems. As a result, 
as many as 1,500 Sri Lankan 
farmers have begun storing their 
seed in diffused light. 

Potato Production 
in Sri Lanka 

Potatoes are grown during dif- 
f'erent months in distinct agro-
ecological zones of three main 
districts in Sri Lanka: ,affna, 
Badulla, and Nuwara Eliya. Jaffna 
is at sea level on the northern coast. 
Badulla and Nuwara Eliya are at 
approximately 1,300 and 1,900 
meters above sea level in the "ip-
country' zone in southern Sri 
Lanka. 

Badulla and Nuwara Eliya, which 
together account for about 80% of 
the growing area and 90% of na-
tional production, have two main 
production seasons: 

Yala referring to the southwest 
monsoon which lasts from mid-May 
to mid-September, and in this 
report is termed "early," and 

Maha, ref'erring to the northeast 
monsoon which lasts from Octo(ber 
to mil-,lanuary, les ignated here as 
"late.' 

In Badulla, late planting (ccurs 

mainly inl ar upland zone while early 
Ilanting is confined to ttle paddy 
hwlands. The late planting Uses inl-

ported seed mainly which is 
multiplied ftar early planting ill the 
paddy zone. Nuwara Eliya is in a 
higher, cooler, al more huid 
zone that Badulla. It is flundami-
tally a vegetable production zoite 
for the Colombo market as well as 
the main seed potato prioluction 
area. Government seed farts are iii 
this district. In addition to the ma-

- W. I). Albert, Sri Lanka. 

jor season crops, small amounts of 
potatoes are grown throughout the 
year. 

Until 1979, the government allow
(e(I importation of foreign seed for 
both late and early seasons. The 
seed for late season came mainly 
from the Netherlands, although 
West Germany, Denmark, and 
Scotland also exported seed to Sri 
Lanka. Approximnitely 1,300 tons of 
seed were imported anrually from 
Australia for the early season crop 
especially in Badulla D)istrict. 

Due to difficulties in obtaining 
seed and government targets of 
reducing imports, a decision was 
reached in 1979 to stop the 

Australian importation for the early 
season. The only importation allow
ed now is for the late season, 
thereby creating a serious shortage 
t1'seed for the early season. 

Introduction of Diffused 
Light Storage 

The diffused light storage ([)LS) 
technique is based on using natural 
indirect light instead of low 
temteratures to control excessive 
sprout growth and storage losses. 

A Sri Lankan scientist was train
ed in the DLS technology and CIP's 

armer-Back-to-Farmer research 
model in a 1979 course in the Philip
pines. Uipon his return to Sri Lanka, 
ftor experimental stores were 
established on government farms in 
tile main potato producing districts 
o IBa(ulla and Nuwara Eliya. These 
compared traditional practices of 
dark storage with diffused light 
(Table 1). 

During a second storage course in 
1981 a Sri Lankan extensionist 
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Table 1. Comparison of diffused light vs. dark storage of seed 
potatoes, Sri Lanka. 

Storage System 
Dark 

Variety l)esiree 
Qnty. stored (kg) 500 
Qnty. planted (kg) :155 
%Loss during storage 29 
Total yield (kg) 2,665 

Diffused Light 

)esiree 
500 
446 

11 

4,899 

Source: Data provided by W.). Albert ,,f Sri ILanka. 

visited the Philippine's Mou ntainl 
Province where diffused light 
storage technologry was being rapid- 
ly adopted by farmers. Upon his 
return, he assisted in setting up IW 
experimental stores on farms in Sri 
Lanka similar to those developed by 
CIP' in Peru and elsewhere. Exten-
sion workers also started farmer 
training classes in scied production 
and storage. 

As demand for potatoes exJ)an(Id 
and seed imports were curtaifild, 
farmers had to fall back on their 
own seed stored from earlier 
harvests or secure it from other 
farmers or the government. Seed 
storage thus became a ctrucial link 
between seasons, especially when 
farmers produced their own seed. 
National seed potato production has 
gradually increased in recent years, 
to more than 60% of total re-
quirements (Table 2). 

Farmer Response 
From 1979 to 1983 farmers built 

more than 500 diffused light stores 
in Badulla and Nuwarn Eliya 
Districts on the recommendation of 
the Department of Agriculture. An 
additional estimated thousand 
farmers modified their existing 
storage system. 

The pattern of adoption/adapta
tion in Sri Lanka is strikingly 
similar to that observed in other 
countries, such as Peru and the 
Philippines, where diffused light 
sforagc toohnology has been in
tro(Iuced. Farmers selhom copy 
demonstration models, hut modify 
them to meet their own needs and 
budgets. Many farmers integrated 
diffused light storage principles into 

existing sheds, garages, and rooms 

attached to their houses. 
Adopting farmers note the follow

ing benefits of the I)LS system: 
e sprouting is reduced, 

* 	 stem densiy is greater, 
* 	losses are reduced, 
e 	 field emergence is earlier,
 
a
 

* 	 handling and diagnosis of 
storage l)roblenis are easier. 

In addition, farmers point out 
that seed tubers stored in light sell 
for a higher price than tubers 
stored in darkness. 

Changes and Impact 
The diffused light storage system 

was introduced into Sri Lanka in 
early 1980. In only its third year of 

Table 2. Sri Lanka seed requirements and production. 

Seed Quantity produced 
Year requirement bv local farmers 

(000 t) (Of t) % 

1979/80 10.5 1.5 43 

1980/81 11.4 5.1 45 

1981/82 12.0 5.7 48 
1982/83 12.0 7.5 62 
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Seed flows and storage patterns in the Badulla District of Sri 
Lanka prior to 1979 (Figure 1, below) and the situation after 
1979 (Figure 2, facing page). 

diffusion there, some significant ef-
fects of adoption of this technology 
were observable. 

Alteration of Seed Flows 
Seed flows and storage patterns 

in Badulla district before introduc- 
tion of DLS are illustrated in Figure 
1. Two importations of foreign seed 
were required: one for late planting 
in the upland zone for seed produc-
tion, and, the second for early 
planting in the paddy zone for con-
sumer potatoes. Due to the ban on 
foreign seed importation for early 
season, farmers were forced to ex-
pand production in the upland zone 
to meet the seed requirements of 
the paddy zone. 

The situation after 1979, when 
importation of seed was allowed 
only for late planting, is illustrated 
in Figure 2. This led to creation of a 
new post-harvest system and seed 
flows. Due to the possibility of 
longer storage with diffused light 

seed 

Higher eleationfor producing....... 


seed 

Medium elevation 

for storage 

Lower elevation for
 
growing Inpaddy

after rice season
 

storage, farmers are now keeping 
seed from late season harvest 
(February-March) to the next late 
season planting October-December. 
A new storage strategy is to hold 
seed tubers harvested on well
drained paddy slopes (in diffused 
light stores) for planting the next 
March. 

Yield Increases 
Farmers are especially interested 

in diffused light storage because it 
allows them to plant when climatic 
and/or market conditions are op
timal. Instead of the 1 to 3 
multiplication rate farmers report 
from imported seed arriving late or 
in an improper physiological condi
tion, farmers report a 1 to 7 
multiplication rate. This reflects a 
133% increase in yield due to 
availability of seed in the proper 
planting condition. 

Based on current average yields, 
this means increasing production 

POTATO PRODUCTION SYSTEMBadulla District 
Pre-1979 

Imported
se
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from 4.8 tons to 16.8 tons per hec- Additional losses result from ex
tare by having seed available when cessive sprouting, tuber moth, mea
planting conditions are optimal. If ly bugs, and soft rot. 
all farmers opted for this strategy, During storage periods for which 
it could mean an increase in late diffused light storage replaces ex
season production from around isting practices, surveyed farmers 
20,000 metric tons to more than report a 20% reductho in storage 
38,000 metric tons, principally by losses. Farmer, ,,inted out 
taking advantage of proper that excessive oproutiiig was reduc
planting times. ed and management became easier 

Reduction of Losses because insects could be more easily 
Traditional seed storage methods monitored and rotting tubers could 

for smaller farmers involve storage be quickly discarded. 
under the bed, or in baskets or seed 
crates stacked in a room, sometimes Changes in Cropping Patterns 
near the kitchen fire. Larger Two changes have begun to occur 
farmers who tend to store their as a result of introducing diffused 
potatoes in multipurpose storage light storage. First, with early 
buildings, often leave them in crates availability of diffused light storage 
in dark areas. In two story houses, seed for an October planting, the 
potatoes are sometimes stored in harvest can be completed by 
attics where temperatures are high. January 25, leaving open a period of 
Farmers complain that potato 8 to 9 months, in the highlands for 
losses were high - especially due to cultivating another crop such as a 
rats - when seed is stored in boxes, rotation with potatoes. Second, use 

POTATO PRODUCTION SYSTEM 
Imported Badulla District 
seed Post-1979 

~Light Storage bDiffused 

"ettlement DLS J 

SColombo 
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of diffused light storage makes it 
possible for farmers to store setd 
potatoes harvested I fron well-
drained paddy slopes for a new 
March planting. 

Reduction in Seed Imports 
Sri Lanka spends more than a 

million dollars anmally to import 
seed I,,tatoes. IIse of diffused light 
storage and itcreased loal seed 
lroduction is pertnittinga reduction 
in seed imports and savings in 
foreign exchange. 

Prestige for National Potato 
Program and Extension 

A survey of extensio workers 
from the Iiitato itIcucing Zones 
revealed that 75% feel that in-
troduction of diffused light storage 
has been tle most su(cessful 
research-extension effort with any 
ctop in the Ipast 5 years. The 
goverment has officially ic.ogtniz-
ed the imtorta nce of pttst-harvest 
technology, aint government financ-
ing for buitlding stores is exptected ilt 
1984. 

Conclusions, Future 
Research Directions 

The Sri Lankan case illustrates 
that changes in seed systems and 
storage can have marked and unex
pected consequences for production 
not only of potatoes but other crops. 
It also shows that successful post-
harvest projects can bring other 
benefits in addition to cutting
losses. 

The ultimate impact of )LS in Sri 
Lanka depends ott availability and 
consumption of potatoes. At this 
early stage it is imptossible to 
measure availability and consumption changes tesultitig from use of 
new storage methods. However,
nwsderafe spectos:However 

consider a fewv speculations: 
In Sri Lanka, the cost of seed in 

Nuwara Eliya and Badulla is be-

tween 40% and 50% of the total 
cost of' production. D)iffused light 
storage allows substitution of own 
seed for purchased seed thereby 
reducing seed cost per hectare. Fur
thermore, diffused light storage 
allows planting at optimal times 
leading to increased yields. These 
two effects should result in reduced 
costs and prices per kilogram, and 
increased colstimption. 

In regard to the latter, Sri 
lankan economists believe that 
low-incOne Itotato consumers 

restrict their ctmnsumption to those 
months when prices are low, and 
estimate that the price elasticity of 
demand for ptotatoes is -1.2. rhis 
implies that a 101% price reduction 
wouIt result in a 12% increase in 
consumtition. Thus it can be con
cluded that a decrease in average 
prices (or leveling of prices) will 
stimulate greater potato consuip
titn, especially by low-income 
households. 

I'urther research is needed to 
Measure precisely the impact on 
consumption made possible by 
1,.)wer production costs. Monitoring 
of the technology is also necessary 
to determine its consequences in 
tornis of welfare and nutrition. 

As a link between season, produc

titi zotes, farmers, merchants, and 
consumers, seed storage plays 
many roles in farming systems, and 
positive changes can have far
reaching benefits. Finally, the Sri
Lankan case shows how interna
tional centers, nationa' research 

programs, and extension can coor
dinate in providing prac-tical solu
tions to farmers problems. 

This account is ased on Rhoades, 
R. (1984). Chaiiging a Post-Harvest
 
System: Impact of Diffused Light

Potato Stores in Sri Lanka. Social 
Science Deparitment Working Pper
1984-I. International Potato 
Center, Lima. 



141 

4 No. 7Illustrative Case 

PRECODEPA 

PRECODEPA: A Collaborative
 
Research Network
 

Establishment of the Network 
While each country in the Central America area was capable of 

conducting certain lines of investigation, none had sufficient 
human and physical resources to support a comprehensive potato 
research program. 

The basic reason for PRECOIDEPA was to exploit each country's
"speciality" and create a combined, comprehensive potato 
research program. 

Additionally, CIP personnel could more effectively interact with 
specialists concentrated in only one country. 

Establishing the network required each country program to 
specialize in certain research subject areas and rely on other na
tional programs for research in another area. Mutual trust and 
dependence was part of the reason for success. 

Based on the positive responses of country leaders in 1977 discus
sions, CIP convened a meeting in March 1978 to formally discuss 
creation of a collaborative research network. Six countries - Costa 
Rica, Dominican Republic, Guatemala, Honduras, Mexico, and 
Panama - were represented as well as a number of possible 
donors. 

Discussions focused on main factors limiting potato production 
and use in the region. Participants outlined their own country's 
problems, and then identified those common to several countries. 
(Seed production is one example.) 

The next step was to analyze research interests and capabilities 
of each country. Finally, specific research responsibilities were 
assigned to specific national programs. Requests were also made to 
CIP for assistance in certain areas, such as research on bacterial 
wilt. 

At this meeting an agreement was signed by the country 
representatives and CIP to implement the collaborative network. 



An important example [ofcollaborationwithin PRACIPAI 
is that Colombia gave us varieties produced by them to 
evalv'ate under ourconditions.Jointly with our programoj

' 	 genetic improvement we an eraluatethese materialswvith a 
true desirejbr one A ndeun country to support another. 

- Abelardo Rodriguez Voight, Venezuela. 
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The representative of the Swiss l)evelopment Cooperation (SL)C) 
indicated his government's interest in financing the program. 

A budget for research, training, consultancies. and coordination 
activities was proposed, based on collective financial requirements 
of individual country programs. After SDC approval of the budget, 
the program became operative in mid-1978. 

Organization national potato program; in 1983 
Tle ultimate authority of and 1984 the coordinator was the 

PRECODEPA is the "Permanent head of' Panama's national pro-
Regional Committee." Each gram. 
member country has two represen
tatives - one the national coor- PIRECOIEPA recognized from 
dinator of potato research and the the beginning that research pro
other the country's director of jects should have periodic external 
agricultural research. CITI is review, and the coordinator has ar
represented by two staff memiers ranged for evaluations of each. 
of the Regional Research and Train
ing Program. Current Research Status 

In its annual meetings, the Per- Nine projects were established in 
manent Committee evaluates and 1978, of which seven continue. In 
approves members' budgets and two cases - bacterial wilt and 

work programs and makes related socioeconomics - country leader

policy decisions. In charge of pro- ship has changed. Three projects, 
ject execution is an "Executive 	 virology', intermediate storage, and 

early blight, have been terminated.Committee" consisting of a Coor-
dinator and two other country Processing was added as a new pro
representatives. This committee 	 ject in 1983. Also in 1983 El 
usually meets three or four times 	 Salvador and Cuba joined the net
each year. 	 work (Table 1). These changes

demonstrate PRECODEPA's 

PRECODEPA has no legal 	 dynamism, flexibility, and critical 
self analysis.status. For this reason, and at the 

request of the Permanent Commit- Originally, research projects were 
tee and the SDC, CIP agreed to executed in the respective leader 
receive funds, disbur, them ac-	 countries. But as local expertise has
cording to the approved budget, 	 developed other countries have join
and 	 arranged for accounting and ed in the research process, receiv
auditing. For the first 2 years CIP 	 ing advice and support from 
provided the network's coordinator, 	 specialists in the leader countries. 
Then the Permanent Committee ap-	 CIP has assisted by providing 
pointed a coordinator from among 	 specialized training as requested. 
the participating national scientists. 
In 1981 and 1982 this role was Technologies most widely 
assigned to the leader of Mexico's 	 evaluated and transferred include 
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With the good example ofPRECODEPA,we have 
joined South Asian Regional Cooperationfor 
which CIP has provided sabstantialsupport. 

- It. B. Rana, Bhutan. 

seed production, late blight, resis- Th e outstand iiig case of 
tant varieties (mainly of Mexican technology adoption in the region is 
origin) and rustic storage techni- rustic storage. )iffused light seed 
ques. Recently, country evaluations stores are extensively used by 
on control of the potato tuber moth farmers in Guatemala, and this 
and golden nematode have also technology has contributed to tl-e 
begun. recent, successful establishment of 

IHonduras' seed program. 

Farm-Level Impact 
Improved seed l)roduction 

systems, late blight resistant Institutional 
varieties and rustic storages are all Development 
having farm-level impact. Seed pro- A key factor in institutional 
(luction schemes are now operating development is training. During 
in all six original member countries, IPRECOI)EPA's 6 years, 14 
some with additional bilateral regional seminars, workshops and 
assistance, as in Honduras and the production courses have been 
I)ominican Republic. organized. The participation of 110 

Five countries are commnercially individuals in these events has 
producing the Mexican late blight strengthened technical capacity of 
resistant variety "Tollucan." member countries. An additional 22 

Table 1. PRECODEPA research projects and country project 
leaders. 

Research Project Leader
 
Topic Original Current
 

Late blight Mexico Mexico
 
Seed productioii Mexico/Costa Rica Mexico
 
Tuber moth Costa Rica Costa Rica
 
Virus diseases Costa Rica **
 

Golden nematode Panama Panama
 
Bacterial wilt CIL, Costa Rica
 
Rustic storage Guatemala Guatemala
 
Socioeconomics Mexico Regional
 
Intermediate storage Honduras **
 

Early blight Dominican Republic **
 

Processing * Guatemala
 
Regional trials Honduras
 

Dominican Republic
 
Cuba***
 
El Salvador***
 
& other members
 

*New projects in 1983. 
"*Projects terminated. 

***New members in 1983. 
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Burundi fully supports the policy of encoiraging 
country networks, one of which (PRAPAC) it is a 
member. Such networks relieve pressure on limited 
nationalresources and also enable a freer and more 
frequent interchangeof personnel. 

national courses for technicians, ex-
tensionists, and farmers have in-
e'luded 470 particip ants. CAl)provid-
ed individual training to 20 scien-
tists to up-date themno on tilelatest, 
research techniques and results in 
their areas of work. 

Certain intangible results of' 

1'iRECOI)EIPA are iniportant. For 
example, stability of' personnel in 
the member countries' potatol pro-
grams isnow greater than hefkore, 
and greater than that ineither of' 
the two principal crops of the 
region, leans and maize. Ina recent 
evauation, a study team (oncluded 

- J. Kafurera, Burundi. 

that the feeling of' 1 1tUaf suppoIrt, 
expanded research l"unctions, arni 
frequent particilation in regio nal 
workshops, seli0nars, a t1rai nring 
c(urses (oIth as trainees and also as 
instrncIIOrs) has bcen instrurmental 
in raising the level of .jolsatis'ac
tior. 

A more tangible, and very signifi
cant, pihenomenon is the shiarf1 in
crease illthe lirnber 0If lotato 
research and exten:;iol staff in 
member countries (Tli le 2). These 
positions are finarced entirely from 
national budgets. 

Table 2. Personnel of national potato programs before 
PRECODEPA and at present. 

1977/78 1983/84 
Full Part Total Full Part Total 
time time time time 

Mexico 2 2 It 8 10 18 
Guatemala 2 2 4 II 20 31 
Honduras I 1 3 8 11 
Costa Rica 1 1 6 3 9 
Panama 1 1 2 4 5 9 
3ominican Rep. 2 2 12 5 17 

9 5 14 44 51 95 

Note: All salaries are financed entirely from lo.'-;government budgets. 
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