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The original watercolor paintings on the 
c'over were commissioned for Carlos 
Ochoa's book: The PotatoesofSouth 
America:Bolivia, and were painted by 
artist Franz Frey. This authoritative and 
scholarly publication represents the cul
mination of a lifetime of stv'dy by Ochoa 
and is Volume 1 of a series to be publish
ed oy Cambridge University Press and 
CIP. Both Ochoa and Frey have exten
sive professional experience with CIP, 
where they collaborated on 'hepaintings. 

Dr. Donald Ugent, ethnobr'tanst, 
Southem Illinois University, and Linda 
Peterson, former CI editor, translated 
and edited the book, aovi were also con
tracted by CIP to produce aportfolio of 
25 of Frey's paintings: The Potatoesof 
South America: Bolivia.A Portfolioof 
FineBotanicalPrints.'rhe larger-format 
portfolio prints are reproduced from the 
plates in the Ochoa book. 

ThePotatoesofSouth America:Bolivia 
is available from Cambridge University 
Press, The Edinburgh Building, Shaftes
bury Road, CB2 2RU, England. T ie 
portfolio is available from CIP. 
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Foreword
 

W e are now shaping CIP's strategic planning for the 1990s, building 
upon two years of intensive self study and analysis, as well as our 

recent external management and program reviews. And each step of our 
programming for change draws upon CIP's unique, widely decentralized 
institutional approach, which has been clearly approved by the donors and 
by our national program partners. With almost 20 years of experience, we 
are looking at the lessons learned alongside our collaborators in over 80 
countries, and we are asking for their continuing input. Hiowever, CIP's 
phasing of the self-study into the external review process was the first 
attempt at a comprehensive review of a decentralized Center within the 
CGIAR. Thus, we are busy implementing some of the immediate plans, 
while sorting out priorities for the next decade. 

In the accompanying lead article, I've summarized some major events, 
issues, and values that are combined in our institutional philosophy and 
global approach to potato and sweet potato research and development. 
There you will find a broader historical background. as well as a more 
detailed analysis of recent events at CIP. Here in the Foreword, I've chosen 
to address three key issw i highlighted by the review process, which can 
help guide our thinking and actions as we develop our strategy in collabora
tion with our colleagues throughout the global networks. 

Strategic Plan 

Our strategy to meet 21st-century needs stems directiy from C:P's initial 
Profile of 1979, which was a first in strategic planning within the CGIAR; 
however, our recent reviews highlighted the need to re-assess and adapt 
our Centerwide operations to keep pace with fast-changing technology and 
shifting political and economic events. Although we have regularly used our 
strategic plan as a working blueprint, an updated plan can help focus on 
specific current needs identified in our recent studies, particularly for the 
sweet potato research that more recently became a part of our mandate. 

The external review teams, as well as the TAC and our donors, havc 
discussed CIP's role in association with other Centers with responsibilities 
for sweet potato research. When our work with sweet potatoes began with 
special project funds in 1986, sweet potato research also was included in 
the mandates of two other Centers. CIP received its first core funding for 
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this commodity in 1988. However, in 1987, IITA discontinued research with 
sweet potatoes, and the board of AVRDC decided to phase out of sweet 
potato research in 1990. Thus, as we update the strategic plan, CIP is the 
only Center working with sweet potatoes, which suggests both a clearer and 
stronger global role for CIP. 

We recognize that priorities set within the overall strategy must take into 
account continuing rapid shifts in a maturing research community, as well 
as in farmer/consumer needs and food requirements. Both potatoes and 
sweet potatoes wl have to play a greater role in the future; thus our plan
must provide a good indication of future needs and how they will be met. 
Probably CII- s greatest challenge during the next five years will be that of 
fitting potatoes and sweet potatoes into farming systems based on cereals 
and agroforestry, using good land already under cultivation. 

CenterImpact 

Donors indicated that they would like to have impact identified as early as 
possible in the life of a Center. Recent reviews of CIP, and other Centers,
also have stressed the need to identify impact. A special challenge for CIP 
will be to develop short-term criteria to measure impact, which will be 
comparable with criteria that have characterized the successes of the
(geen revolution." Even in the sophisticated research and seed production
environments of North America and Europe, adopion of new potato
improvements is a lengthy process. An average of 25 years may be icquired
for adoption - from the first cross lcaJing to a new variety until a superior
potential variety has been identified, named, and grown on 4,000 hectares 
kifarmers' fields. And 4,000 hectares is a sma!l parcel compared to the 
millions of hectares of cereals that gave us the "green revolution." Clearly, 
assessment of the "'bottom line" impact is crucial, but we must also find 
indicators that can clearly predict potential impact, giving some measure 
of progress and achievement before final results are in hand. And, in the 
process of assessing individual Center impact, full credit must be given to 
our developing-country partners, with whom we sh.;re all our achievements. 
They continue to be the key players in CIP's overall strategy. 
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EvaluatingCIP's DecentralizedApproach 

Although the donors and reviewers had special praise for CIP's heavily 
decentralized approach, it seems likely that Centers usiIg such a broad
based approach will require an external review different from that of 
Centers where most activities are based at headquarters. Clearly the donors 
need the reviews to justify current financing and to support newly identified 
needs; however, some combinations of a self-study and modified external 
reviews probably will be needed to effectively evaluate a center that has 
most of its staff posted away from headquarters. 

In the body of this report, we have d -umented the work of our staff and 
their collaborative efforts with colleagues in national programs and allied 
institutions, which will continue as the central force driving all CIP efforts. 

Whatever methods used to assess the Centers in the future, or to 
measure their impact, the potcntial for a "green revolution" in the 1990s 
will likely be found in an increased role for these scicitists as they work with 
intensively produced crops such as tubers, root crops, and vegetables in the 
farming systems of Asia and Africa. 

Richard L.Sayer/ 
Director General 
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CIP: Programmed for Change
 

Within the CGIAR system, CiP has eaned special recognitionfor its 
decentralizedinstitutional approachto research and development on a 
globalbasis. In the following account, Dr. Sawyer, directorof the Center 
since its beginningit 1971, outlines both the philosophyandthe historical 
events th,?t have shapedthis approachover the last two decades. 

CIP's current global operations are briefly described on pages XV to 
XVIII, with the map of collaborativenetworks showing the interactiveflow 
of CIPresearchanddevelopment throughoutthe world. Th7e Centeris one 
of 13 sisterinstitutionsin the CGIAR, which is describedon thefinalpage
ofthis report.CIP'sdonororganizationsandmandate are i.'tedfollowing 
the titlepage. 

CIP's Early Years: A Different Path 

A s conceptualized in the early 1960s, the first Centers developed
from plans that called for extensive campuses and facilities for
 
headquarters that were basically self-contained. They were established
 
to become Centers of excellence through their own facilities, staffing,

and the support provided. At CIP, we took a very different route. We
 
also established key basic facilities, but our Center of excellence has
 
been built upon bridges of collaboration that span national programs

around the world (see maps, page XV). We interchange expertise with
 
these programs while working on priority problems of potato and sweet
 
potato improvement.
 

Our headquarters in Peru is located near the original home of the 
potato, where the greatest diversity of wild species still exists. Thus, our 
initial efforts were to establish a world collection of native cultivars and 
wild species, and to develop methods for identifying and eliminating 
diseases, so that clean material could be provided to potato breeders 
around the world. To help earmark materials and support breeders 
work priorities, research stations were established within specific 
agroecological zones in Peru (page XVI). Three of these were in warm
to hot-climate tropical ecologies. Peru is only a short distance south of 
the equator, with wide variations in ecology, from the hot tropics of the 
Amazon basin to the cool highlands of the Andes. 
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At these sites, we started to look at the classical problems that potato 
scientists had been working on for years, such as late blight, viruses, and 
seed production. However, we realized that world statistics on food 
production indicated that potato production was increasing most rapid
ly in Asia and Africa on a percentage basis. In many countries, potatoes 
had only recently begun to be used as a staple-food commodity, as well 
as a vegetable. We needed to determine first-hand what the problems 
were and where help would be needed from an international center. 

Thus we concentrated only a portion of our resources at head
quarters and established a network of regional research stations around 
the world. Their major responsibility would be to link us with the 
countries of the region so we could best provide our three major 
services: research, training, and communications. 

Our regional programs quickly started to feed information back to 
us, greatly influencing our research priorities. We found that: 

1. Potato could no longer be considered a cool season, northern
latitude or highland crop since it also was being grown in the warm 
and hot climates of the tropics. 

2. 	The dependency on imported seed was-the factor most limiting 
the use of the tremendous nutritional value of the potato. As a 
single food for survival, there is no other major plant food which 
approaches the nutritional quality of the potato. 

3. 	Only scant human capital had been invested in potato research 
and development in many countries, and these limited resources 
were scattered among institutions. A high priority was assigned to 
helping national potato programs, which we could backstop in 
responding to the needs of their farmers. 

4. 	The "green revolution" with the cereals had become a major 
recognized breakthrough in agriculture in the 1970s. Countries 
that had thought that major portions of their populations would 
always be hungry were achieving self-sufficiency in rice. And, in 
their search for alternative crops, the potato was found to have 
exceptional promise for diversification: the crop grows quickly 
and has high nutritional value, good cash crop return, and high 
levels of production per unit area per unit of time. The potato also 
fits well within cereal-based farming systems. 
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5. The Food and Agriculture Organization's (FAO) statistics on 
potato production are misleading, because much of the produc
tion never entered the channels from which FAO usually obtained 
their data. Nevertheless, their statistics showed that potatoes were 
increasing faster than any other major food commodity in Africa 
and Asia. 

These are the principal influences that helped determine CIP's
research priorities, including our decision to place major research 
eaphasis on potatoes ,'or the warm and hot tropics. Although it is 
sometimes argued that xe have pushed the potato into climates for 
which it is not suited, ile facts are that we are serving the needs of 
developing countries where potatoes are already being grown. Such 
countries have steadily mounting needs for this food to feed their rising 
populations. 

Setting Priorities 

As our regional network was set in place, our regional staff and the 
national program scientists soon let us know that bacterial wilt -brown 
rot was as important as late blight in many potato-producing areas. As 
the potato moved into the warmer fropics, whole new lists of pests and 
diseases were being encountered that had never been found in the 
northern-latitude countries that were exporting the seed. For example,
the tuber moth was never mentioicd as a major problem in the initial 
planning conference held in 1972, although participants came from 
developing and developed countries around the world where potatoes 
were important. 

The regional research structure and our collaborators' feedback to 
headquarters have been a key influence in helping set our research 
priorities. This input is a principal reason that our research today is 
aimed at improving potatoes grown in developing countries of the warm 
and hot tropical climates. 

Achievements and Lessons Learned 

Many readers of this Report have participated actively in the research 
that stems from our decentralized work. Our combined efforts have 
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given the potato a very favorable position in today's agriculture, pointing 
to an even greater role that the crop must play in meeting tomorrow's 
food needs. 

Early on, when we began building a world germplasm collection for 
use by breeders of today and of future generations, we started to look 
at ways of producing seed in warm tropical climates. With production 
from imported seed, the cost of seed alone could be over 50 percent of 
the production costs in many countries. After learning how to multiply 
imported seed with low levels of virus build-up in tropical climates, we 
moved on to rapid multiplication and true seed research. Adaptations 
of these techniques are now in place in many countries around the world. 

Local seed production was essential in shifting the role of the potato 
from that of a relatively expensive vegetable to that of a staple food. As 
local seed production programs have come on line, attitudes of policy 
makers have changed rapidly. Even in lowland tropical countries such 
as Vietnam, potatoes have become the second-highest priority food 
commodity. 

The ability to store planting materials from harvest to planting be
came a second major concern. Many countries were depending on 
expensive refrigerated storages. CIP's diffused-light technique was our 
first major research result to spread rapidly around the world. 

Our collaborative bridges around the world gave us the ability to 
distribute potential varietal material from developed and developing 
countries to other areas of the world where it would be useful. We did 
not have to wait for our own material to become available. Although 
CIP is less than 20 years old, developing countries are now receiving a 
steady flow of excellent potential varieties with built-in resistanccs to 
the pests and diseases of warm tropical climates. In addition, we have 
been distributing the excellent material from other breeding programs 
that may fit national program requirements. 

In my opinion, the major impact of CIP reaches beyond the research 
that has been accomplished; our most enduring achievement has been 
in helping build the national potato programs across the developing 
world, through training, consultancies, and the establishment of net
works. In many countries where there was not a single man-year invested 
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in potato research in 1972, there are today well-trained scientists work
ing as national teams Ior potato research and seed production. 

Our support for potato production in the warm tropics of Africa and 
Asia has only begun. We are still using less than 10% of the wild species 
available to help solve varietal adaptation and resistance problems.
Much of our research for seed production programs, such as the place
of truei seed in seed programs, is only now coming on line. The new tools 
of biotechnology, which are so easy to use with the potato, are just
beginning to be avai!able. CIP, with its decetralized program and 
rollaborative bridges, has a solid base of operations to respond to the 
potato improvement needs of national programs, and to adjust quickly 
to their changing conditions. 

Our Future 

As we look at the role the potato must play in meeting the food needs 
of the global village, we have to examine past and present trends. The 
proven production and nutritional values of the potato will be needed 
to a much greater extent in future years. Over the next two decades, 
agriculture will be faced with its greatest obstacles since early civiliza
tions began their systematic development of food systems for survival. 

Tomorrow's major obstacles include: 

1. Populationincreases 

The world's population will double in approximately two decades. The 
World Bank Atlas shows many developing countries with annual 
population increases of 3% to 4%, clearly indicating that many popula
tion-co.itrol programs have been unsuccessful. Many of the burdens of 
these failures are passed on for agriculture to remedy. 

2. Scarcity ofgood land 

Many of the countries with the highest annual rates of increase in 
populat:on are running out of good land for cultivation. Often they turn 
to marginal lands with fragile ecologies to try to stay abreast of food 
needs. Recent statistics on current population concentration and the 
related pressures on land are well described in an IRED Forum publi
cation: "If our world were a village of 1,000 people, in the village would 
be 564 Asians, 210 Europeans, 86 Africans, 80 South Americans, and 60 
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North Americans. Of these people, 60 persons would have half the 
income, 500 would be hungry, 600 would live in shantytowns, 700 would 
be illiterate." 

Thus it is clear that most of the increases in food production must be 
grown on the good land now under production. And this is going to 
require a major change to include the more intensively produced 
vegetables and tuber-root crops within the annual food production 
systems where cereals ar; now usually followed by other cereals. 

3. Concenforthe envirnrnent 

The world is finally catching up with the fact that the environment has 
been too long forgotten as a major concern in agricultural programs, 
population control, and industrial development. The Bruntland report 
for the United Nations has rightfully triggered international concern, 
and has resulted in the implementation of programs that will affect how 
we work, how we play, and the food we eat in the immediae futuj '. The 
Plam on Environmeatal Policy of the Dutch government, "To Choose or 
to Lose," may well become a model for the European Economic Com
munity. It recommends a very ambitious, and necessary, full-scale ap
plication of known technology, if the goals for our environment are to 
be achieved while agricultural production increases. 

4. The InternationalAgicalturalResearch Community 

A major positive force for further development has evolved over the past 
20 years through vhe system of international agricultural research 
centers (IARCs) that specifically address major food-production 
problems of developing countries. These Centers have programs of 
research, training, and information exchange that are gradually joining 
the agricultural research world into a united community. Their efforts 
draw upon the combined strengths of developed and developing 
countries, the public and private sector, and the IARCs. 7here must be 
no doubt about the pivotal role that this international center system must 
play in dealing withproblensofpopulation,agriculture, and en'ironment 
over the next two decades. 

Both of CIP's present commodities are basic staple foods in some 
parts of the world, but are classified and utilized as vegetables in many 
areas, particularly where they have most recently been introduced. Both 
commodities produce more calories per unit area per unit of time than 
almost any of the other major food crops, including t!ie cereals. Sweet 
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potato production has been decreasing in many parts of the world,
where economic conditions aI'ow the consumer to choose foods other 
than those that have traditionally been considered subsistence foods, 
with a perceived lower status. 

In Summary 

CIP's two major commoditiks are ideally suited to meet the challen
ges facing agriculture. Both potato and sweet potato fit well within 
cereal-based farming systems, and can boost food production per unit 
area per year. They are fast-growing, and produce good ground cover 
to prevent erosion. Also, they are mainly grown in ridge-type planting
to protect the tubers, a practice that aiso prevents erosion when used in 
contour plantings. 

Over the next 20 years, CIP's challenge in fulfilling global agricultural
needs is to fit potatoes and sweet potatoes into .ereal and agroforestry 
farming systems that will: 

" Increase productivity of quality food per uait area per unit of time; 

" Increase the efficiency of inputs such as fertilizer and water; and 

" Sustain the increases in productivity with practices that are friendly 
to the environment. 

This challenge is based on the assumption that (1) cereals will 
continue to be the world's mainstay for food security, while other, more 
productive, foods will play a role of mounting importpnce; (2) most of 
the increased producti n needs in the coming years will be grown on 
good land now under ,::,'tivation; and (3) fragile soils of the highland
and lowland tropics, where agroforestry has a comparative advantage,
will become increasingly important for food production. 

Each of these components is being programmed into CIP's global
effort to improve potato and sweet potato for the 1990s. 

Richard L. Sawyer 
Director General 
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CIP Collaborative Regional Bridges 

C IP manages its global research and development program within a 
regional network through which CIP and national program scientists sys

tematically evaluate technologies under a range of local conditions. This 
approach takes into account the farmer, consumer, and agribusiness commu
nity at all research levels, from the moment a problem is identified, through 
experiment station and on-farm testing and adaptation, until an effective solu
tion is accepted by local potato and sweet potato producers. 

Rapid and continuing feedback from these evaluations plays a key role in 
guiding CIP's overall research program at headquarters in Lima. Peru. (see 
overview, next page) 

CIP's capabilities are enhanced by numerous research and consultancv con
tracts that take advantage of the expertise and facilities available at other 
institutions, often in collaborative research in developed countries. Through 
contracts with developing-country institutions, we share specialized human and 
physical resources to focus on high priority local research. 
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Country Networks
 

C IP has helped to develop five unique collaborative research networks.In these networks, se eral countries in a geographical area pool their 
resources to so!ve common production problems. Once priorities have been
assessed, each country undertakes the projects for which it has a compara
tive advantage, sharing its results with the others. CIP participates in the
networks as ar equal partner, providing technical assistance in its areas of
expertise, as well as administrative guidance. The distribution of efforts
allows CIP and the member countries to utilize their resources efficiently. 

This system of shared responsibility and active interchange differs funda
mentally from other agricultural networks that are designed primarily to aid
in germplasm distribution. The members benefit from a wide range of
research results, and at the same time their interests arc consolidated and 
their self-reliance is strengthened. 
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and the Caribbean 
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I the Middle East 
al Africa 
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Agroecological Zones and Related
 
Thrust Research in 8 CIP Regions
 
C IP has four experiment stations in Peru, one in each of the major agro

ecological regions of the country. Our headquarters is located at a coastaldesert site near Lima (240 m altitude), where facilities include general researchand administrative offices, as well as laboratories, greenhouses. refrigeratedand diffused-light stores, growth chambers, and experiment iields. A secondstation, in the cool Andean highlands near Huancayo (3,260 m), is the homeof CIP's World Potato Collection. The remaining two stations are in the Amazonregion: one in the mid-elevation jungle of San Ramon on the eastern slopes ofthe Andes (80) m). and the other in the hot, low jungle of Yurirnaguas (180 m). 
CIP research sites in Peru and the potato-growing seasons, with meteorological
data for 1989 crop year. 

Site: . Lima-La Molina 0 Huancavo m San Ramon A YurimaguasLatitude: 12'05'S 12007'S 11 08'S 5041'SAltitude: 240 m 3280 m 800 m 180 mGrowing season: Jan-Mar May-Nov Nov-May Nov-Mar May-Aug May-Aug
89 89 88 89 88 89 89 89 89 89 

Air max ( C) 27.49 19.92 18.50 31.10 30.87 30.88
Air min (*C) 19.06 14.15 4.70 19.25 16.19 19.29 
Evaporation
(total mm) 569.78 540.95 809.73 1042.99 533.05 '236.60
 

Rainfall

(total mm) 1.50 9.11 70)6.30 1300.43 289.70 540.04 

Solar 	radiation
 
(daily Mi/m,) no data 11.710 no data 19.78 18.85 no data
 

Data from weather booth. 

Ecuador Colombia 

PERU • 

Brazil 
Yurmaguas 

SanRamon 

Lima-La Molina*l 1 

Ard~J Boliia
 
Highlands e .Mid-elevation tropics n i i
 -'-

w,humid tropics A Chile 
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CIP's international staff includes nearly 100 scientists, administrators, andother experts from over 20 countries. Many of our international staff members 
are stationed at CIP regional headquarters located throughout the developingworld (next page), where they collaborate directly with the national programs.
In Lima, Center operations are supported by more than 5() supporting scientists, technicians, administrative personnel, secretarial and clerical support staff. 
and specialized workers. 

CIP's six research departments-Breeding and Genetics, Genetic Resources.
Nematology and Entomology, and Social Sciences-are staffed and headed by
international experts from developed and developing countries. 

Our interdisciplinary research is concentrated within ten "Thrusts." whichcombine the work of specialists from several disciplines to improve potato and 
sweet potato production ai:d use. 

CIP's Thrusts 
I Collection, .Maintenance. and Utilization of Unexploited Genetic Resources 

If Production and Distribution of Advanced Breeding Material 
IIl Control of Bacterial and Fungal Disehses 
IV Control of Virus and Virus-Like Diseases 
V Integrated Pest Management

VI Warm-Climate Potato and Seet Potato Production 
VII Cool-Climate Potato and Sweet Potato IProduction 

VIII Postharvest Technolog) 
IX Seed Technolog. 
X Potato and Sweet Potato in Food Ssstems 
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Global Regional Contact Points
 

Main 	Headquarters 

Peru 
International Potato Center 
Apartado Postal 5969 
Lima 100, Peru 
Phone: 	 (51)(14) 354354 


(51)(14) 36-6920 

(51)(14) 35-4283 


FAX: (51)(14) 35-1570 
Telex: 25672 PE 
Cable: CIPAPA, Lima 
E-mail: 157:CGI801; CIP 

157:CGI043; CIP-ISD 

Region I Office 

South America 
Colombia 
CIP Region I Office 
Apartado Aerco 151664 
Bogota 8, DE., Colombia 
Phone: (57)(1) 286-0182 

(57)(1) 281-3088 
(57)(1) 281-3399 

FAX: (57)(1) 281-9468 
(57)(1) 282-0203 

Telex: 	 42368 ICATI CO 

45366 CIID CO 
c/o CIPAPACabl.:

Cabl: 	 CIPAPA Bogota 

Bolivia 
CIP Region I Office 
Casilla Postal 4285 
Cochabamba, Bolivia 
Phone: (591)(42) 40668 

(591)(42) 40929 
Telex: 6445 PRONAPA BV 

Ecuador 
CIP Region I Office 
Moreno Bellido s/n y Amazonas 
Apartado 16-129-CEQ 
Quito, Ecuador 
Phone: (593)(2) 540600II 

(593)(2) 500297 
(593)(2) 554287 

FAX: (593)(2) 503243 
E-mail: CGII36 

Paraguay 
CIP Region IOffice 
c/o Servicio de Extension 
Agricola y Ganadera (SEAG)
St. Lorenzo, Paraguay 
Phone: (021) 50-0377 

(022) 50. 2526 
Telex: 218PY UNDP Off. 
Cable: UNDEVPRO 
Mail: c/o UNDP - C.C. 1107 
Asuncion, Paraguay 

Region 11 Office 

Central America 
& Caribbean 

Dominican Republic 
CIP Region II Office 
Av. Sarasota 
esquina Nufiez de Caceres 
Apartamento 202, 
Edificio Ambar Plaza 11 
Sto. Domingo, Rep. Domiricana 
Phone: (1)(809) 535.4887 

(1)(809) 535-6443 
FAX: (1)(809) 535-6554 
Telex: 3264112 CODE.I'ELEX 

DR CIPAPA 
E-mail: CGI112IPAP Boota(216)(1)
Region III Office 

East & Southern Africa 
Kenya 
CIP Region IN Office 
P.O. Box 25171 
Nairobi, Kenya 
Phone: (254)(2) 59-2206 

FAX: (254)(2)59-3499 
Telex: 22040 ILRAD 
Cable: CIPAPA, Nairobi 
E-mail: ILRAD 
Ethiopia 

Office 
c\o Institute of Agricultural 
Research 
Iolctta Research Center 
P.O. Box 2003 

Addis Ababa, Ethiopia 
Phone: 160055-59 PBX 
Telex: 21548 IARFT 
E-mail: c/o ILCA 

Rwanda 
CIP Region Ill Office
 
c\o P.N.A.P.
 
Section de I'SAR
 
B.P. 73 
Rihengeri, Rwanda 
Phone: (250) 332 & 46616 

Burundi 
CIP Region III Office 
B.P. 75
 
Bujumbura, Burunp.i
 
Phone: (257) 22-4074
 
FAX: (257) 224074
 
Telex: 5030 BDI through:


Ilotel Source du Nil 
Telex: (via FAO FOODAG 

BDI) 5092 

Region IV Office
 
North Africa
 

& Middle East 
Tunisia 

CIP Region IV Office 
11 rue des Orangers 
2080 Ariana 
Tunis, Tunisia 
Phone: (216)(1) 71-604753-9092 
FAX: (216)(1)71-8431 

Telex: 	 14965 CIP TN 
Egypt 
cIP Region IV Office 
P.O. Box 17 
Kafr El Zayat, Egypt 
Phone: (20)(40) 58-6720 
Telex: 	 23605 PBTNA UN 

Region V Office 
West & Central Africa 

Cameroon 
CIP Region V Office 
P.O. Box 279 
Bamcnda, Cameroon 
Phone: (237) 36-3285 
FAX: (237) 36-2732 

Telex: 	 5110 KN CIP CAM 
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Region V1 Office 	 FAX: (63)(2) 817-8470 Telex: 84478 INTERAG I 
Telex: 40890 RICE PM, Cable: RICEFOUNDSouth Asia 	 40860 PARRS PM, BANGKOK 

India 63786 RICEPN E-mail: CG1405; IRRI 
CIP Region VI Office E-mail: IRRI CGI4Ol Bangkok Office 

c/o IARI Campus Indonesia CIMMYT CG1205 
New Delhi 110012, India CIP Region VII Office Region VIII Office 
Phone: (91)(11) 58-8055 c\o Lembang Hort. 
Telex: 31-73140 FI IN Res. Inst. China 

31-73168 EIC IN P.O. Box 587 CIP Region VIII Office 
Cable: CIPAPA, New Delhi Bandung, Indonesia c\o The Chinese Academy 
E-mail: CGI114 Phone: (Lembang) (62) 6025 of Agricultural Sciences 

FAX: (62) (22) 43-1583 Bai Shi Qiao Rd. No. 30 
Region VII Office Telex: 28276 PI'EGARIA West Suburbs of Beijing 

E-mail: CG1120 or 	 Beijing, People's Republic ofSoutheast Asia & Te M.POTTS.TEST57 China 
Pacific Thailand Phone: (86) 831-5329 

Philippines CIP Region VII Office FAX: (86) 831-6536 

CIP Region VII Office P.O. Box 9159 	 (86)(1) 831B6545 

c\o IRRI 	 Bangkheng 2223211 BJ CN 
P.O. Box 933 	 Bangkok 10900, Thailand Cable: AGRIACA 
Manila, Philippines Phone: (62)(2) 579-5586 
Phone: (63)(94) 50015-19) FAX: (66)(2) 541-1087 

REGIONAL RESEARCH PROGRAM 
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Regional Feature 

Argentine Husband/Wife Team 
Combines Business and Virology Tests 

Traditionally, we have used the words of CIP scientists and administrators in 
our Annual Report. In this article, however, we focus on some practical applica
tions of the scientific research and training being done at CIP headquarters and
in the regions. This account is drawn from Tito Alberto Brovelli's interview with
Ana Maria EscarrA and Juan Barrenechea, owners of Diagn6sticos Vegetales, 
a private firm devoted to potato virus detection. In future Annual Reports, we
will publish similar accounts of collaborative efforts of potato and sweet potato
enterprizes in the private-sector and national program institutions in the regions.
The:r words express, better than ours, the usefulness and developmental impact
of CIP's global program. (See CIP Circular Vol. 17(1), 1989 for additional 
background information on CIP's virology research and training related to
 
ELISA and Latex tests.)
 

Agricultural engineers Ana Maria 
EscarrA and Juan Lorenzo Barrenechea, 
a husband-and-wife eam, are the owners 
of Diagn6sticos Vegetales, a company 
that offers virus-detection crvices and 
prod uce s p atho g e n-fre e potato s e e d . 
During the 1980s, they equipped the 
foremost Argentine laboratory for the 
identification of potato viruses using 
enyzme-linked immunosorbent assay
(ELISA) tests. 

After the laboratory was well estab-
lished, they began to develop a produc-
tion process for completely healthy seed 
that would supply the internal market. 
Today, they export seed, as well as virus-
detection technology. 

Their rapidly growing business repre
sents a trend in Latin America. The 
accomplishments of this couple have 
proven that it is possible, with a minimum 
of capital and financial credit, to launch 
ac ap ial it, u n cp tat o-vi r u sed y sosla 

a commercial potato-virus analysis sys
tern to complement ivernment activi
ties, such as Argentina's National Seed 
Program. 

To get their business started, Ana 
Maria went for training to the potato 
seed laboratory at the experiment station 
of IN'TA-Balcarce (Instituto Nacional de 
Tecnologia Agropecuaria), where she 
received instruction from virologist, Dr. 
Ivdn Butzonitch. 
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_and 

I .virology, 

Luis Salazar, who was assisted by his 
team from the CIP Virology Program. 

"That training experience," she said, 
"brought me much closer to a practical 

academic understanding of potato 
and at the same time I made 

many good friends." 

After receiving authorization to use 
the new technique in Argentina and ac
quiring the necessary space and equip
ment, the couple met with producers to 

j' -work out costs and make agreements. 

Ana Maria examining plantlets in the final stage 
of micropropagation. 

With this new knowledge, and a great 
deal of determination, she and Juan 
managed to build two greenhouses in 
Otaniendi, a small potato-producing 
community scuti of Mar del Plata. She 
explained that, "there we were able to 
reproduce what I had been doing at the 
INTA lF.boratory." 

She was fortunate in being able to 
learn from an IN'A investigator, the late 
agricultural engineer Atilio Calderoni, 
about the new diagnostic method. 
ELISA. This method involves an im
muno-enzyme system that had recently 
been developed for vegetables, and 
which CIP had iegun to put into practice. 

To learn more about ELISA, Ana 
Maria immediately set about making 
contacts with international centers. 
Through them she learned about a virol-
ogy cousrse uffered at CIP, where this 
diagnostic technique would be taught. 
She signed up for the course to be held in 
October 1981 that was directed by Dr. 

Traditionally, the importation of seed 
potatoes had been an annual event in 
Argentina, because new seed tended to 
become higfly infested. But with know
ledge gained from ELISA and research 
on aphid populations, there were real 
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Dispensing antibody solutions into plates for the 
ELISA test. 
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The couple discusses business at the Diagn6sticos Vegetales headquarters. 

possibilities of keeping seeds healthy for 
a longer time. 

In December, Ana Maria took part in 
the "First International Course on the 
Production and Storage of Seed Potato," 
organized by CIP in Osorno, Chile. Dr. 
Fernando Ezeta, a scientist at CIE' and 
coordinator of the Program for the 
Production of Basic Potato Seed in Peru, 
described his experiences in the area. A 
method was discussed for supplying 
nothing less than completely healthy 
seed. 

Ana Maria recalls that "this concept 
was a revelation for me. I saw that if it 
were possible to transfer this methodol
ogy to my own country, we would be able 
to move towards seed self-sufficiency and 
eliminate imports." 

Juan added that "the idea ofbeginning
healthy-seed production in our country 
also represented the challenge of more 
work for us." The couple made arrange-
ments to study the new technique. In 

March 1984, they set off for Peru, for a 
short but intensive training period at CIP. 

_ , 

.I 

Assessing the quality of mini-tubers grown from 
invitro plantets. 
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After they returned to Argentina, they 
installed a greenhouse in the Sierra de los 
Padres area, and started a small tissue 
culture laboratory at their main office. 
CIP supplied healthy seed of the varieties 
used in Argentina. 

In 1986, producers in all of Argen-
tina's potato-growing areas planted trials 
with this disease-free seed; then national 
authorities took note and urged other 
producers to do the same. 

As a result of these experiments, 
Diagn6sticos Vegetales was rccognized 
as a leader in this area and their contracts 
increased. For the first time, profits 
began to justify the years of study and 
work. 

In 1987, othzr teams of private-sector 
professionals decided to produce healthy 
seed, and new business partnerships 
were formed. 

In the particular case of Diagn6sticos 
Vegetales, the opportunity was ideal for 
establishing contact, with businesses and 
producers in other Latin American 
countries interested in finding similar 
solutions. With training from the Diag

n6sticos Vegetales team, Mexican tech
nicians have set up a virus-detection 
laboratory in La Junta, Mexico. Tech
nicians from Chile and Uruguay have 
also received training to set up similar 
laboratories in their countries. 

Ana Maria and Juan Lorenzo con
tinue to look for new ways to combine 
their scientific and business interests with 
Argentine institutions and professionals, 
and with CIP and other research orga

nizations. And the combination promises 
to pay off with better crops and addition
al oportunities for economic develop
ment in Argentina. 

Participants in a CIP Virology course practicing the ELISA test for the detection of potato 
and sweet potato viru3os. 
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Summary of Research Programs 

Our Thrust activities continue to build within a stronger regional
framework of NARS and CIP scientists in Latin America, Africa, and 
Asia. The individual Thrust reports reflect substantial achievements of 
this combined team approach, particularly in the development of im
proved CIP potato materials that provide combinations of resistances and 
tolerances to biotic and abiotic stresses, either alone or in crosses with 
locally adapted material. We have also helped in the successful integration
of selected sources other than the Center's breeding program. Other 
Thrust research payoffs include integrated pest and disease control 
methods, potato sced productioa schemes that yield clean planting 
materials, and new postharvest methodologies. 

Our research on sweet potato hLs progressed rapidly and CIP's sweet 
potato genebank is now the !argest and best documented in the world, 
with duplicates obtained from national collections in Latin America, the 
Caribbean, China, Japan, and the United States. Simultaneously, we have 
mounted an intensive CIP/IBPGR collection effort to systematically ex
plore Latin American and Caribbean countries where good genetic diver
sity is found in sweet potatoes. 

The IITA collection has been placed in vitro and duplicated for 
transfer to the CIP collection and AVRDC has recently agreed to the 
transfer of a complete duplicate of its collection to CIP. In a systematic 
evaluation of CIP's sweet potato collection, we have found resistances to 
some important pests, tolerance to several abiatic stresses, and other 
quality factors that will help better serve needs identified by developing 
countries. As in our collaborative work with potatoes, we are s~eking ways 
to eliminate pathogens and to confirm their elimination. This difficult and 
labor-intensive work is designed specifically to yield technology for use 
by developing countries. Rapid progress in improvement of sweet potato 
flowering and seed set has facilitated new wide crosses. 

The continuing needs of developing countries are being assessed by 
surveys of sweet potato workers in those countries, and by CIP social 
scientists working alongside local scientists and farmers. 

Similarly, they are recording the successful technologies and their 
adaptations for further improvement and diffusion. 
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Germplasm and Breeding 

Potato 

Our genetic resources potato research 
concentrated on biosystematic studies, 
germplasm maintenance and utilization, 
and germplasm enhancement. 

In the biosystemnatic studies, we 

described three new potato species, S. 
amayanum and S. bill-hookerii of the 
taxonomic series Tuberosa, and S. 
sala.;;:zzn of the series Conicibaccata. 
All thiee are from the central Andes of 
Peru and have a chromosome number of 
2n = 2x = 24. In addition, we identified 
a new form of the important tetraploid 
wild species S. acaule, which appears to 
have good potential in the development 
of improved resistance to PLRV and to 
mechanical inoculation of PSTVd. 
Studies of various herbaria in the USA, 
in Europe, and in Peru at CIP have shown 
thraty tkotha ten orspgeniec 
variability, to the extent that four species, 
S. canasense, S. multidissectun, S. 
pl.noense, and S. ptutnihwn Hawkes, are 
all synonyms of S. bukasovii. This is an 
important taxonomic clarification, be-
ca use itmeans thatS. bukasovii can be used 

in reeingwthot mjo prbles.
in breeding, without major problems. 

We are making good progress in 
determining the endesperm balance 
number (EBN) of wild potato species. 
This work helps us understand and 
predict the crossability of wild potato 
species with each other and with cul-
tivated potatoes; it also helps us obtain a 
better understanding of the evolutionary 
processes in species formation. 

We continue to identify rew cultivars, 
and the CIP field-planted collection now 
consists of 3,439 Andean cultivars, with 
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99% of these cultivars also maiained in 
vitro. After electrophoretic verification, 
603 duplicates were eliminated from 
material obtained from Argentina, 
Bolivia, and Peru. To conserve potato 

diversity in the fields of Andean farmers,we are testing a novel approach that in
volves training farmers to select segregat
ingTPS materials according to their local 
needs and preferences. Farmers in three 
localities are now using TPS of about 20 
native cultivars that are popular in tradi
tinlaictularsschs 
tional agricultural areas such as 
Cajamarca, Cuzco, and Puno, Peru. 

Of 200 Andean cultivars screening for 
resistance to the potato tuber moth 
Phithoimaeaopercudella, 15 were found 
to be resistant and 35 moderately resist
ant. Pathogen-tested Andean cultivars 
were distributed to 14 countries as tuber 
samples, in vitro plantlets, or seeds. 

For increased security, CIP has dupli
cated a set of tubers of Peruvian cultivars 
in a high-altitude hield gznebank in 
central Peru, which is maintained by the 



National Agrarian University. This ma-
terial has been fully duplicated outside of 
Peru through a collaborative agreement 
with INIAP in Ecuador. 

We have completed the transfer of the 
world potato collection to in vitro cul-
ture. Computerization of maintenance 
procedures of the collection iscomplete 
and all labelling is now done by .om-
puter. 

In utilization studies, our work focused 
on use of Solanunacaule,and 124 clones 
of Solanum acaule that had been found 
(by mechanical inoculation) to be resis-
tant to PSTVd were further tested by
Agrobacteium-mediated PSTVd cDNA 
inoculation. In these tests, 21 clones were 
shown to be resistant to this mode of 
inoculation. An additional 4 clones were 
identified as apparently resistant to 
PLRV, based on their resistance to aphid 
infestation and multiplication of the 
virus. The 25 clones have been trans-
ferred to in vitro and are ready for utiliza-
tion in germplasm enhancement and 
breeding. From this S. acaule material 
(which may also carry resistance to PVY 
and PVX) F2 and backcross populations 
have been generated that will be used in 
RFLP mapping projects. This project 
will help to map genes that determine 
resistance to PSTVd and to some viruses, 
We have further developed several 
schemes for the effective utilization of the 
S. acaulematerial, including a cross coin-
bination between S. acaule and tetraploid 
cultivated potato clones. Previously, this 
combination had failed, due to the 
operation of the triploid block or the 
EBN barrier, 

Our germplasm enhancement work 
included the identification of high levels 
of resistance to root knot nematodes in 5 

new diploid clones, using a newly 
developed in vitro method that has 
eliminated temperature problems en
countered in the traditional testing en
vironment. This source of resistance 
represents a broadening of the base for 
root-knot-nematode resistance at CIP, 
since the only previous effective and 
usable wild sources of resistance were 
clones ofS. sparsipium.The new diploid 
material has S. multidissectum, S. 
bukasovii,S. canasense,and S. gourlayi inits background. These wild spzcies had 
been crossed with dihaploid S. tuberosuin 
and ssp. luberosuin clones that were 
produced under a research contract with 
the University of Wisconsin. Some of 
these clones have good 2n pollen produc
tion and are now in use in a 4x x 2x 
crossing program. They have excellent 
tuber appearance. 

Resistance to bacterial wilt was found 
in selected 2x clones that have the clone 
MI149.10 in their pedigree; this clone had 
prcvious!y been selected for bacterial 
wilt resistance and 2n pollen production. 
Among other clones showing resistance 
to bacterial wilt, one clone showed a root 
knot-nematode resistance that can be 
transmitted to progenies from 4x ). 2x 
crosses. Thus, this clone combines both 
bacterial-wilt and root knot-nematode 
resistance. 

Excellent progress was made in trans
ferring potato tuher moth resistance 
from the wild species Solanum spar
sipitm to 2x cultivated germplasm. The 
findings indicated that the presence ofS. 
spars.pii. . isdesirable, but not essential, 
for the expression of resistance. We have 
also shown that resistance to root-knot 
nematodes, bacterial wilt, and potatc.
tuber wilt, as well as 2n pollen produc
tion, can be combined in individual 
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diploid genotypes that will transmit these 
characteristics to their 4x offspring, 

We are making rapid advances in use 
of Agrobacteium plasmid gene con-
structs to transform potato clones. A 
range of new promoter (control) sequen-
ces was obtained and tested, thus helping 
us to regulate the amount and site of a 
particular gene product. Collaborative 
work with institutions in Florence, 
Naples, Rome, and Vitervo, Italy, have 
lead to transformation for resistance to 
several pests and diseases, and to the use 
of in vitro methods to select for resistance 
to biotic and abiotic stresses, 

A new research contract with Cornell 
University has been designed to help 
produce a more detailed RFLP linkage 
map of potato. The map is based on 
tomato probes, and has already been 
used effectively by plant breeders as they 
begin to elucidate the phyllogeny of 

general combining ability (GCA), using a 
line-by-tester design. This sample in
cluded clones with immunity to PVY 
(simplexes and duplexes) and PVX, with 
combined immunity to PVX and PVY. 
Yields were acceptable, with many of the 
progenies showing high yields, good 
tuber uniformity, and earliness. All 
progenies segregated for either PVY or 
PVX immunity, and clones XY.15 and 
C84.705 were found to have a high GCA 
for yield, tuber uniformity, and earliness. 
At La Molina, we 4iso evluated asample 
of 286 clones introduced from Uruguay 
to assess their agronomic attributes. The 
sample was generated from TPS prog

enies segregating for processing at
tributes and virus resistances (PVX, 
PVY, and PLRV), and 23 clones were 
selected. They are now being tested for 
immunity to several viruses. 

To evaluate drought tolerance, 800 

tubr-barig tepiFpotato clones (selected at San RamonSlanni. Te nxttuber-bearing Solarius.The next step is and La Molina) were tested at Tacna. We 
population development and identifica-
tion of useful traits. 

In potato breeding, our research 
focuses on population development and 
true potato seed (TPS) studies. We have 
made extensive selections for parental 
lines to be used for variety selection and 
for TPS utilization. At La Molina, 30 
clones from CIP's program and 12 clones 
from the University of Maine were 
evaluated for their parental value, using 
a tester that showed combined immunity 
to both PVY and PVX. Clones C83.383, 
Maine-37, C1-137, C84.081, and C84.707 
showed good parental value for yield and 
tuber uniformity, and had medium 
maturity rates. Based on these findings, 
we are selecting the progenitors for the 
next crossing block. At San Ramon, we 
evaluated a sample of 25 clones for 
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found high yields and good levels of ear
liness in several clones and this popula

tion contains many combinations of 
resistances to virus and other diseases 
that can be useful in developing parental 
clones. We also evaluated populations 
bred for adaptation to warm tropical en
vironments and for TPS parental line 
development. Ten clones evaluated at La 
Molina and 2 clones at San Ramon, were 
selected for making chips and french 
fries because they had good processing 
characteristics: good tuber shape, color, 
and uniformily. The national programs of 
Burundi, Ethiopia, Rwanda, Tanzania, 
Uganda, and Zaire participated in a 
regional trial in which we evaluated a set 
of the best clones from the national 
programs and CIP under a broad range 
of environments in eastern and southern 



African countries. Clones considered for 
release as new varieties include: CIP 
clones 381295.1, 381293.3, and PLAP 
8201.12 in Rwanda; and CIP clones 
374080.5, 380606.6, and 380602.22 in 
Zaire. These clones have gone through 
several cycles of selection including mul-
tilocational national yield trials. We have 
selected promising new clones in experi-
ments to assess cultivars of diverse 
genetic types for yield and other qualities 
in New Caledonia, Thailand, Fiji, Tonga, 
and French Polynesia, as well as the 
Solomon Islands and the Cook Islands. 
Clone 377850.1 was selected in Fiji and 
has shown good bacterial wilt and virus 
resistance, along with heat tolerance and 
good storabiiity. 

In China, more than 200 CIP cultivars 
have been evaluated. In Enshi Hubei 
Province in southern China, CIP clones 
386221.7, 386081, and 386198 outyiclded 
the local cultivar and are being further 
evaluated, 

At San Ramon, several clones showed 
excellent agronomic and reproductive 
characteristics under rainy- and dry-
season conditions. These clones come 
from 1987 and 1988 TPS populations and 
have now been put in crossing blocks to 

In China, the area grown from TPS 
transplants increased from 80.5 ha in197,traspl a inrease om 0. ha 
1987, to 110 ha in 1988, to 150 ha in 1989. 
This increase extended over 20 provinces 
in southwest China and in northern 
China, and can be attributed to improved 
logistics, availability of high quality TPS, 
the establishment of TPS collection dis-
tribution procedures, and CIP input in 
personnel training, 

Sweet potato 

Sweet potato studies primarily empha
sized collection, taxonomic identifica
tion, germplasm maintenance, duplicate 
identification, evaluation, distribution, 
and enhancement. Six collecting expedi
tions were made (one each in Guatemala 
and Panama, and four in Peru) with atotal of 299 accessions collected at 130 
sites. Of the accessions, 155 were I. 
batatas; nine represented two Ipomoea 
species from section Batatas, 12 re
presented seven species from other 
sections, and 123 have not been clas
sified. 

We began duplication of the IITA 
sweet potato germplasm collection at 
CIP with a transfer of 210 accessions 
maintained in vitro. This genetic material 
includes 34 advanced selections and 176 
breeding lines. The 1,202 IITA acces
sions have been more thoroughly docu
mented, and a computerized database 
now contains all of the available data. A 
total of 3,520 sweet potato accessions 
were planted at La Molina, with 1,868 
Peruvian cultivars and 338 breeding lines 
grown in the field. Another 966 sweet 
potato cultivars from other countries 
were grown in pots in the quarantine 
screenhouse and 348 accessions havebeen maintained as in vitro culture. We 
are iransferring materials to in vitro cul

ture as rapidly as possible, and a total of 
2,430 sweet potato accessions are nowbeing maintained in vitro under slow
growth conditions. Some of these acces
sions are being duplicated outside of 
Peru under an agreement with IDEAS 
in Venezuela. Duplicate verifications 
by electrophoretic analyses were made 
at the Institute of Biochemistry in 
Braunschweig, West Germany, where 
studies were made of 252 Peruvian cul-
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tivated accessions from 60 groups with 
identical morphological characters. The 
results and the groupings based on mor-
phological data were found to be in 
agreement for about 85% of the ac-
cessions. 

AVRDC analyzed nutritional coni-
VRDCofanragedotfrioa 8Pr-ponents of storage roots from 897 Peru-

vian cultivars. Of these cultivars, 35 had 
dry-matter content levels greater than 
40%;13hadstarch-contcntlevelsgreater 
than 70%; 4 had combined levels of more 
than 35% dry-mat ote nt with more 
than 1Q% of total protein; 4 had less than 
2% total sugar contet, and 26 had less 
than 2% fiber content. Significant nega-
tive correlations were found between 
dry-matter content and total protein con-
tent, and between dry-matter and fiber 
content. Positive correlations were found 
between dry-matter and starch contents. 
Eighteen cultivars ofl.batataswere rated 
as resistant, and another 12 as moderate-
ly resistant to Euscepes postfasciatus 
weevil. In the People's Republic of China 
(Xuzhou and Guangdong), scientists are 
characterizing the Chinese national 
sweet potato collection, computerizingthe data, and introducing the clones to in 
vitro culture. 

In sweet potato go,.rmplasm enhance-
ment research, we are combining both 
innovative and traditional cytogenetic 
methods. Studies of wild 2x and 4x I. 
trifida species have shown exceptional 

promise for future sweet potato work. 
Within the section Batatas, only I. tnfilda 
has been used in our sweet potato 
germplasm research; however, we have 
begun a crossability study to determine 
the feasibility of using the rest of this 

taxonomic section. In this work, 2n pollen 
was formed in 6 of the 11 species studied,
and of 70 interspecific combinations 
examined, 28 were successful, while 
parents of the same ploidy level were 
shown to be highly crossable. All 11 
species studied have become genetical

ly accessible, either directly or indi
rectly. Thus this section shows promisefor future sweet potato enhancement 
work. 

In our sweet potato population breed
ing work, in the coastal desert and the 
Amazon Basin in Peru, we have made good 
progress in selecting material with high 
and early yields, broad adaptation, and a 
range of characteristics important to con
sumers. We have emphasized studies of the 
newly collected Peruvian germplasm. 

CIP distributed genetic materials to 
cooperators in 88 NARS. Materialsnow available from the pathogen-tested 
list include 245 advanced cultivars ofvarieties, 35 cultivars in the clean-up 
process, 172 accessions from native and 
wild germplasm, plus 56 in the clean-up 
process. Six sweet potato cultivars are 
now on the pathogen-tested list and 62 
are in the clean-up process. 

Integrated Control of Diseases and Pests
 

In bacterial-wilt research, our collabora-
tion with NARS in several developing 
countries continues to concentrate on the 
selection of tetraploid populations with 
resistance to Pseudonionassolanacea-
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nun inherited from cultivated diploid 
Solanuin species. We have substantially 
increased our tests and development of 
potentially useful breeding materials in 
locations within Peru and worldwide, 



-. 

thus intensifying the selection for resist-
ance to localized strains of the bacterium. 
Our combined efforts have produced a 
new population from a series of crosses 
between the best bacterial wilt-resistant 
clones, and a late blight-resistant popula-
tion (including some clones that were 
free from R-genes). A wide range of 
materials was selected for acceptable 
yield potential, and further progress has 
been made in the selection of clones 
that show no latent infection by P. 
solanaceaimo at harvest. Some of this 
work has been done in association with 
the Peruvian National Potato Program 
INIAA. We have selected intensively for 
bacterial-wilt resistance, combined with

in
adaptation and agronomic quality, in 
several parts of the world, including the 
Philippine , Indonesia, China, and 
Brazil. 

Additionally, we have developed a 
more precise and severe screening 
method to enhance levels of resistance 
to bacterial wilt. This method uses rooted 
cuttings immersed in the inoculum sus-
pension, and isuniform and reproducible 

for segregating individual plants resist
ance to bacterial wilt. 

Taxonomic studies were made on 
Pseudomonas using biochemical tests in 
multiple-well microtiter plates. These 
resulted in the subdivision of Biovar 2 P.solanaceanin into two distinct pheno

types related to their geographic dis
tribution. This finding will help focus the 
breeding strategy. 

Collaborative work between CIP and 
NARS on the integrated control of bac
terial wilt isdesigned to provide low-cost 
control of bacterial wilt by small farmers 
in developing countries. The philosophyis to complement the performance oftolerant cultivars. In collaboration with 
the Department of Plant Protection of 
ISABU, Burundi, a survey to evaluate the 
occurrence of bacterial wilt in farmers' 
fields provided valuable findings to help 
develop integrated control strategies. 
Wilt incidence was shown to be affected 
by the previous rotation, with the lowest 
level of carry-over shown after rotation 
with cassava during the September-to-
January season, and after banana, during 
the following season. The bacterial wilt
tolerant variety Ndinamagara (CIP ac
cession number 720118) was grown on 
77% of the total land planted with potato. 
On average, our varieties showed less wilt
than did other varieties; however, bacterial-wilt incidence was found to be low 
in susceptible varieties, when the seed 
was obtained from the lSABU seed farm 
and the crop was grown in a two-year 
crop rotation. Increased extension efforts to prevent planting of potato as a 
monoculture have helpAd cons;derably, 
but volunteer potato plants are still 
recognized as a major source of bacterial 
wilt. In Bukidnon, Philippines, the in
oculum potential of P. solanaceanut 
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(race 1) in the soil was highest following 
a potato crop, and lowest following 
maize, although the potential remained 
sufficiently high to cause disease. Rota
tion with maize or beans reduced bac-
terial-wilt incidence and increased yield 
in a subsequent potato crop, whereas 
potato monoculture increased wilt and 
reduced yield. At San Ramon, bacterial-
wilt incidence increased when the crop 
followed rotation with cowpea or beans, 
whereas the incidence decreased when 
following maize or a herbicide-treated 
fallow. These incidences were correlated 
with the level of rootknot-nematode 
damage. 

In our screenhouse tests, the pre- and 
post-emergence application of the her-
bicide Metribuyin effectively con
trolled weed hosts of P. solanaceanmn 
and Meloidogyne spp. Soil amendments 
also retarded the development of bac- 
terial wilt. The incidence of bacterial wilt 
in screenhouse tests could be lowered 
substantially by application of calcium 
oxide or urea, orcombinationsofthetwo. 
Field-soil amendment with calcium 
oxide, urea, and composted sugarcane 
bagasse also retarded the development 
of bacterial wilt in the field. We are 
making follow-up studies of these find-
ings in cooperation with INIA in 
Cajamarca, Peru, with LEHRI in In-
donesia, and with CIP staff in Kenya. 

Alternative screening methods were 
evaluated to support breeding for resis-
tance to Erwiia soft rot and black leg, 
and we have developed a new method 
that involves placing cuttings in infested 
perlite, thus permitting the selection of 
several resistant genotypes. Our research 
showed a synergistic interaction between 
Erwinia caratovora ssp. caratovora and 
two fusatiumn spp. inoculated to tubers 

which suggests the need to consider a 
breeding strategy that takes both dis
eases into account simultaneously. 

In our late-blight work, breeding for 
resistance to Phytophihora infestans con
tinues to involve two populations: 1) ad
vanced materials containing dominant 
genes for vertical resistance (R genes), as 
well as horizontal-resistance genes; and 
2) materials free of R genes that are 
agronomically less advanced. Our aim is 
to increasingly emphasize the R gene
free population. In both populations, 
ho','er, our o'jcctivcs arc to increLse 
levels of horizontal resistance to add 
suitable agronomic characters, as well 
as to select high levels of late-blight 
resistance. 

We selected 166 new clonesin screen
ing at Rionegro, Colombia and Toluca, 
Mexico and 39 clones were selected after 
a second testing and have been added to 
the international late-blight resistance 
trial collection. This collection now con
tains 170 clones that are available for 
testing byNARS. 

New sources of resistance were 
tapped for population B. A sample of 
123 accessions from three wild diploid 
species isbeing tested in Peru, andwe are 
planning to cross haploids and andigena
resistant clones. The aim is to introduce 
resistance into cultivated forms ex
tracted to make crosses with wild diploid 
species. 

Progenies with characteristics for 
early-blighi resistance combined with 
earliness, were selected in the field at San 
Ramon, and similar progenies were 
found to show early-blight resistance in 
tests in Israel. Our findings provide addi
liunil evidence of the potential for con
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trolling this disease through selection for 
resistance, 

Our survey of sweet potato diseasescontinued LaostMolina, and we began
screening for tuber-rot resistance with 
sephaig o Javaublacrot andsan wiemph as is on Java bla ck rot an d Ftsarium 
root rot. In experiments at San Ramon, 
foot rot and soft rot caused severe lossesin storage. Chlorotic leaf distortion was 
shown to be caused by the fungus
Fusariwn ate ctium. 

In our virus research, we are em-
phasizing the breeding for resistance to 
potatoleafrollvirus(PLRV)alone, orin 
combination with potato virus X (PVX) 
and potato virus Y (PVY) immunities. 
Because the resistance to PLRV is 
known to have multiple components, the 
search for parental genotypes within in-
dividual resistance components should 
facilitate efforts to combine them in later 
stages. One of these components, aphid 
antixenosis, was identified in four clones 
maintained at CIP. 

Resistance to infection is another im-
portant component of the resistance to 
PLRV. This resistance can be broken 
down by growing resistant clones under 

high-temperature conditions. For ex
ample, of 62 advanced clones that 
resisted PLRV infection after 5 field ex
posures during the winter at Ica, Peru,
only 16 showed moderate to high re
sistance to PLRV in the summer sea
son. These findings indicate that final 
selections for resistance to PLRV should 
he done in locations ha-ing condi
tions similar to summer conditions at
Icla.
 

Our studies show that resistance to 
virus multiplication is another important 
resistance mechanism. Although is very 
uncommon in cultivated potato, this
mechanism has two important ad
vantages: 1) It reduces the severity of the 

leafroll disease, and 2) It reduces the 
inoculate potertial in plants having this 
type of resistaice. In a collaborative re
search project with the Scottish CropsRe a r h I si u , we a v d v l o d 
R esearchnsitwe hav dvlpe 
two clones with resistance to virus multiplication. These clones are G7461.1 and 
G7445.1. We found wide variability of 
PLRV among eight PLRV isolates, instudies that used monoclonal antibodies 
to examine the antigenic determinants 
(epitopes) on the proicin coat of the 
PLRV particle. Knowiledge of such 
variability is crucial ir. our strategy for 
resistance breeding 

We i-ontinue our search for additional 
inexpensive and simple methods of virus 
detection for NARS; production of basic 
stocks free of viruses is crucial to seed 
programs. For example, we are studying 
ways to lower the costs of antisera that 
are the most expensive reagents used in 
ELISA, a sensitive, simple, and inexpen
sive method for virus detection. In one 
method being studied, virus antibodies 
(anti-idiotypes) are produced from a 
small supply of previously produced an-
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tibodies, rather than from purified virus. 
Complementary nucleic-acid sequences 
were developed for eight viroids and six 
viruses to increase the pool of virus and 
viroid detection methods at CIP. 

In sweet potato virus research, we 
continued studies to detect and identify 
viruses, while also searching for resist-
ance genes to sweet potato feathery 
mottle virus (SPFMV), which is the most 
important virus of the crop. Antisera 
and kits for detection of major viruses 
are now available for distribution to 
NARS. A previously unknown, mechani-
cally transmitted virus (code-named C2) 
was found in the germplasm collection, 
and has been identified and partially 
characterized. Thirteen accessions in the 
CIP germplasm coilection have been 
found to provide the best available re-
sistance to SPFMV through graft in-
oculations. 

Integrated pest management research 
continues to focus on the identification 
and use of resistant germplasm, biologi-
cal control agents, and other non-pes-
ticidal methods. In potato cyst-nematode 
research, 20 advanced clones were iden-
tified as resistant. Two clones, J16.10and 
G.16, have been selected for release in 
Ecuador where 52 clones also were 
selected for further evaluation. Resist-
ance to potato cyst nematode identified 
in Solanutn andigena nas been trans-
ferred to other adapted material. We also 
have selected clones with combined 
resistances to potato-cyst nematode, and 
late blight viruses. Root knot-nematode 
resistance was identified in several potato 
progenies at the diploid and tetraploid 
level, and additional sources were iden-
tified in S. tnultidissectuin, S. bukasot'ii, 
S. canasense,and S.gourlayi.An effective 
cropping sequence to control root-knot 
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nematode was identified in Burundi. 
Several new sources of resistance to root
knot nematode in sweet potatoes were 
identified. 

Resistance to potato tuber moth was 
reconfirmed in 7 potato clones with high 
densities of glandular trichomes type A 
and B. This work holds special promise 
because glandular trichomes provide re
sistance to many kinds of insects and to 
other pests, and even reduce incidence of 
late blight. 

Our studies have confirmed the effec
tiveness of granulosis virus, talc, and the 
biological insecticide Bacillusthuringien
s's in controlling potato tuber moth. In 
Egypt and Tunisia, the use of granulosis 
virus and Bacillusthuringiensiswas found 
to be highly effective in storage. These 
components are now being used in in
tegrated pest management. 

Seasonal occurrence of potato tuber 
moth was studied using pheromone traps 
in Colombia, Peru, Burundi, and 
Ethiopia. The findings provide a basis for 
more efficient application of control 
measures and 11 clones have been 
selected for resistance to leafminer fly. 
We also have identified clones with re
sistance to Andean weevil, Premnotrypes 
suturicallus,Thripspahni,andtothemites 
Tetranichus urticae a n d Polyphagotar
sonemus latus.The fungus Beauveria was 
effective in controlling Andean weevil. 
Natural enemies in the host range of 
thrips and mites attacking potatoes were 
identified in the lowland Philippines. 
Good progress was made in selecting for 
resistance to the West Indian sweet 
potato weevil Euscepes postfasciatus. 
Beauveria also seems to be effective in 
controlling the larval, pupal, and adult 
stages of this pest. 



Production and Postharvest Technology
 

Our studies continue to show gains in 
improving the sustainabilify of yields of 
potato following continuous production 
and diffused-light storage cycles. In the 
Philippines, clones 384515.9, 385131.52, 
385130.8, and 385152.44 were found to be 
especially promising. In screening for 
yield capability of sweet potato clones, 
we obtained acceptable tuber-root yields 
at each of CIP's stations in Peru, as well 
as at the salty-environment site at Tacna. 
Unacceptable tuber-root yields were ob
tained only during the hot rainy season at 
Yurimaguas. A new line of research has 
begun to examine the physiology of tol
erance to water logging. In sweet potato
drought research, our studies have dcm-
onstrated the importance of maintaining 
a good foliage cover over the soil and of 
an early storage-root formation, 

Our studies of potato under drought 
ce'aiditions have identified clones that cana-voidouh(ardetsdc stnescg.to frost, earliness, desirable agronomic
aoid drought (large root systems, e.g. characters, and high yields despite severe
clones P-3 and P-7) or escape 	 drought drought and incidence of frost. The out(early tuberizing clones, e.g. cv. sadn lnswr hsnfrmli 
Berolina). Drought resistance was con- standing clones were chosen for multi
firmed 	for cultivars Huinkul, LT-7, and plication and potential variety releases in 

MS-327 collaboration with INIA, Chile. The. InEgyt, unflwerwasclones selected for long-day adaptation
identified as a good alternative crop to 
maize to shade the early autumn potato 
crop. Shade-tolerant cultivars also were 
identified for strip cropping in China. 

The advantages of pest control 
through intercropping practices have 
now been quantified in Southeast Asia. 
Our recent research has demonstrated 
the potential for use of the sweet potato 
germplasm collection in selection for 
shade tolerance. Thus we anticipate fu-
ture selection of clones specifically for 
intercropping. 

., 

. , 

In our work on improvement ofpotato
and sweet potato production in cool en
vironments of developing countries, we 
have emphasized multidisciplinary ap
proaches. In field testing and selection 
for potato tolerance to frost at Puno(3,850), we selected clones for tolerance 
(3'80,wsectdlosfrtlrae 

from s imroved aerptasm 
from CIP's improved germplasm 
produced tuber yields up to 30% greater 
than did locally grown cultivars. In con
tract rc:earch with INIA, Chile, the early
sprouting CIP clone DTO-33 showed the 
most promising performance under sub
optimal temperatures. The most impor
tant characteristics of such performance 
appeared to involve shorter dormancy 
and early tuber initiations, along with a 
rapid bulking rate. Studies in Cameroon 
indicated that poultry ma,.ure at an ap
plication rate of 5 t/ha produced the best 
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results, as compared wiih yields obtained 
with locally available fertilizers. Reports 
from Ethiopia and Cameroon on the use 
of TPS for potato production indicated 
that the threshold for resistance to late 
blight in the segregating progenies is 
necessary for the success of this technol
ogy. Good progress was made in screen-
ing sweet potato clones for adaptation to 
cool environments at two coastal loca-
tions in Peru. 

In potato storage research, our studies 
have emphasized consumer potato 
storage. Evaporative cooling techniques 
were studied in Peru, Kenya, and India, 
and forced-air techniques were studied 
in Pakistan. Simple rustic stores were 
tested in India. Household storage in 
bamboo baskets and sacks was analyzed 
in Burundi. In Peru, clones were 
evaluated for storage characteristics. 
Seed storage under rustic versus 
refrigerator conditions was studied in 
Egypt. Rustic storage of seed was 
evaluated in Cameroon. Storage in sand 
of tubers produced from TPS was ex-
aminedinIndia.Astorageworkshopwas 
held in Malaysia. 

In potato processing research, our 
focus was on clonal evaluation (Peru, 
Thailand), continued testing and evalua-
tion (including costs and returns) for rus-
tic processing techniques (India), and 
marketing and demand for processed 
products in selected countries (India and 
Thailand). We also surveyed postharvest 
practices (China) and backstopping of 
ongoing CIP-related research and 
processing (Colombia, Guatemala, Peru, 
and Zaire) and in thesis work (Kenya). 
Sweet potato studies have also examined 
village-level rustic processing techniques 
in India. At Lima, thesis research con-
tinued to evaluate the nutritional and 
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chemical characteristics of CIP's sweet 
potato germplasm collection, and a 
similar evaluation is now underway in 
Thailand. Sweet potato storage research 
using rustic stores has begun in India and 
Kenya. 

Worldwide collaborative research 
continues to improve the agronomic 
characteristics of selected TPS progenies 
intended for seed production and use in 
warm-climate areas. Several parental 
clones were identified with acceptable 
berry-setting capacity to produce TPS 
with tolerance to bacterial will infection, 
and for transplanting stock with tuber 
uniformity and quality, and high-yield 
stability. Techniques for increasing the 
production of hybrid TPS were tested in 
Chile, India, Italy, and Peru. 

We have intensified our research in 
postharvest handling of TPS. Seed-vigo" 
losses following harvestiog of TPS were 
shown to occur at a slower rate during 
storage, when the seed haL! been pro
duced with high N rates. A dry environ
ment during storage was found to be 
important. Seedling-vigor testing of se
lected TPS progenies at various periods 
of storage demonstrated that the seed 
must be after-ripened at about 5%to 7% 
moisture content (dry-weight basis) and 
under moderate-temperature (20C) con
ditions for at least 12 months, before the 
seed can be effectively stored in high
temperature environments. Pre-sowing 
TPS in a solution of KNO3 plus K3P04, 
followed by seed priming, was an effec
tive treatment for enhancing seed vigor at 
sub-optimal temperatures. 

In India and Peru, further improve
ments were made inthe efficiency of seed
ling-tuber production techniques. The 
collaborative approach continues to in



vestigate the technical problems and 
modifications needed at each site for op-
timal use of TPS in a seedling tuber 
production system. Paraguay, Vene-
zuela, Cameroon, and Indonesia are 
more recent partners in this research. 

Collaboration also has continued in 
strengthening or developing seed-tuber 
propagation systems in Bolivia, Burundi, 
Colombia, Venezuela, Kenya, Myanmar, 
the Philippines, and Peru. These projects 
seek to analyze the factors limiting potato 
production in traditional seed-tuber dis-
tribution systems. Their objectives also 
include the transfer of technology such as 
simple positive selection of healthy 
plants, advanced rapid multiplication 

Food Systems Research 

In our needs and impact assessment re
search, we focused on food systems char
actcrizations, marketing, demand and 
utilization studies, and impact assess
ment. Food-systems characterization 
studies were greatly expanded as we 
analyzed the surveys completed by na
tional scientists on constraints to potato 
and sweet potato production. Potato 
seed problems appear to be important in 
all countries, but are particularly serious 
in tropical rainy and dry areas. For sweet 
potato, the importance of the weevil as a 
production constraint is limited to tropi
cal rainy zones. In other climatic zones, 
lack of planting material, moisture, and 
soil fertility were found to be production 
problems. And postharvest - especially 
marketing - problems were severe in all 
zones studied. We made case studies of 
potato and sweet potato food systems in 
Asia, Africa, and Latin America. In 
China, we deepened our knowledge of 

and diffused-light storage techniques, 
and tie development of simple flush-out 
methods for basic seed systems. This 
work strongly emphasizes the participa
tion of farmers. In Kenya, an exceptional 
case study was completed as part of a 

series aiming to explore the strengths and 
weaknesses of local seed systems. Sweet 
potato propagation techniques were 
studied under a wide range of environ
ments, and agronomic and climatic fac
tors affecting flowering and seed 
production were identified. The use of in 
vitro-propagated plantlets, larger un
rooted cuttings and rooted cuttings, were 
shown to result in faster establishment 
and growth, and increased flowering. 

.. 

utilization patterns in different provin
ces. Our studies underlined the 
variability of the production and utiliza
tion systcms between the two crops and 
between provinces. Intra-provincial 
variability trends also were studied. The 
principal marketing research involved a 
project to synthesize the six potato 
marketing case studies completed over 

XXXV 



the past six years. Preliminary findings 
highlight the geographical concentration 
of potato production in Asia and the im-
portance of rural marketing and rural 
consumption in South Asia and sub- 
Saharan Africa, as compared with urban 
marketing in Latin America. 

The 1984 impact study "Potatoes for 
the Developing World" was updated, 
using a new questionnaire prepared for 
national program leaders and CIP senior 
headquarters staff and regional leaders. 
The results indicated growth in national 
program research li areas related to 
CIP's research, thus reflecting a strong 
correlation in priorities. CIP training ac-
tivities were felt to hav the greatest im-
pact on NARS, followed by a number of 
production technologies especially re-
lated to seed. A much lower level of 
benefit was perceived for non-technical 

Future Challenges 

Our Thrusts reports reflect strong pro-
gress in potato and iweet potato research, 
with the basic strategies used for potato 
now paying oft rapidly for sweet pota
toes. Now we must find new ways to 
quantify and index the progress we have 
made. 

What has been our impact? CIP and 
the NARS are inextricably linked in our 
efforts to improve global potato and 
sweet po#ato agriculture and we have no 
intention of changing our team approach. 
Nor do we intend to claim credit for all 
progress reported here. However, we do 
need to know which of our efforts are 
providing the best results for the NARS 
and their client farm families. To make 
best use of our combined resources we 
must understand the results that can be 
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and non-production activities, perhaps 
due in part to the strong production 
orientation of most program leaders. 

Our work in strengthening NARS is 
closely involved with two food systems
oriented networks. The PRACIPA 
marketing network completed two years 
of activities in 1989, and backstopping 
continues via workshops and annual 
meetings. The Users' Perspective with 
Agricultural Research and Development 
Project (UPWARD) began activities in 
Southeast Asia, with 12 projects focused 
on production, postharvest or consump
tion issues within a food-systems context. 
In addition to participation in informal 
courses or workshops, strengthening of 
NARS capacity has also been achieved 
thiough diagnostic studies of sweet 
potato food systems completed or being 
planned in Latin America or Africa. 

, -,. 
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attributed to CIP efforts versus those of 
NARS. We have begun to identify and 
describe such indicators of CIP's 
progress in all Thrust components: re-
search, training, and communications. 
And consistent with one of CIP's basic 

principles we will continue to use our 
own expertise, and we will explore new 
ways to interact with other institutions 
that can help us through contracts and 
international planning conferences to be 
held in 1991. 
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In CIP's germplasm enhancement project, an alternative path has 
been developed to screen wild 2x and 4x accessions for desirable 
characteristics. 



ThrustI
 

Collection, Maintenance, and Utilization
 
of Unexploited Genetic Resources
 

Thrust Profile: 1990 
Excellent progress has been made in the utilization and enhancement of diploid and
tetraploid wild and cultivated potato germplasm, using traditional and newly
developed methods and their combinations. 

Three diploid potato species new to science and a new form of the tetraploid
species S. acaule were described and reported, and the biosystematic position was 
clarified for several species with excellent potentia for germplasm enhancement. 

The field-maintained cultivated potato collection planted in 1989 contained a total
of 3,439 Andean cultivars, and about 99% of this material is now also maintained in
vitro. More than 1,500 newly obtained accessions arc being studied to eliminate
duplicat:Ion and to be added to the world collection. Security procedures have
provided for further duplication of important potato germplasm outside CIP A new
approach is being tested to help in the conservation of genetic diversity in the potato
fields of Andean farmers. 

The genetic transformation of potato clones using Agrobacterium sp. plasmid 
vectors has also progressed rapidly. 

A computerized database for the collection has been deveioped using all the
available data. A total of 299 Iponioeaaccessions were collected in 130 localities in
Guatemala, Panama, and Peru aid added to CIP's collection, and additional acces
sions were received as donations from Brazil and Australia. The IITA sweet potato
germplasm collection is being transferred to CIP. A total of 3,520 sweet potato
accessions of various provenances were planted, either in the field or in the quarantine
screenhouse of CIP headquarters in La Molina, on the outskirts of Lima. In vitro
introduction and duplication of this collection continued outside Peru. Additional 
emphasis was given to the use of electrophoresis to identify duplicates. CIP dis
tributed 20,572 stem cuttings from 1,810 accessions, 3,810 storage roots from 561
accessions, and 2,345 seeds from 281 wild lpomoea accessions for evaluation and 
utilization. 

Sweet potato germplasm enhancement continued successfully, co nbining both
innovative and traditional cytogenetic methods. Studies of wild 2x and 4x L trifida
species have shown exceptional promise for use in future sweet potato breeding work. 

1 



Biosystematic Studies on 
CIP researchers described three potato 
spec's new to science in 1989: S. area-
yanun and S. billhookerii of the taxono-
mic series Tuberosa, and S. salasanium 
of the series Conicibaccata. All 3 have a 
chromosome number of 2n = 2x = 24 and 
are from the central Andes of Peru 
(2,700 m to 3,700 in). A new form of the 
important tetraploid wild species 
S. acaule was also identified and named F. icuanu .Preliminaid testsiof F.dnamedF. incuyantun . Pre lim inary te sts of F. incuyanuim have shown apparent resis-
tancetomultiplication ofthePLR virus 
and to mechanicalinoculation of PSTVd. 
Taxonomic research onone of the puta-
tive ancestors of S. acaule, the diploid, 

highly frost-resistant species S. buka-
sovii, has greatly clarified the taxonomic 
position of this species. Comparative 
studies at various herbaria in the U.S.A., 
Europe, and at CIP have shown that the 
species S. canasense,S. multidissectum, 
S. punoense, and S. pumilum Hawkes 
(but not S. pumilum Dun. or S. punilum 
Rojas) are all synonyms of S. bukasovii. 
This taxonomic clarification has under-
lined the enormous genetic variability 
present in S. bukasovii, a species that can 
be used in breeding without major 
problems. Accessions from the species 
S. bukasovF, S. acaule, S. lepthophyes, 
S.marinasense, and S. chiquidenum have 
been tested for resistance to Globodera 

Potato 
pallida. In all of these species, the tests 
showed resistance to pathotype P4A and 
P5A, and S. mnalinasense and S. chi
quidenum showed combined high resis
tance to both pathotypes. 

Current systematic screening for 2n 
pollen production in CIP's wild germ
plasm collection has two objectives: 1)to 
better understand evolutionary proces
ses in species formation and 2) to findne wa s t uil z wld g r p s m nnew ways to utilize wild germplasm in 
breeding. Unreduced pollen was iden
tified in the hexaploid Mexican species
S.fendleri. In Peruvian coastal material, 
S. medians was found to have a high fre

quency of 2n pollen production (30%),
which helps to explain the high frequency 
of the triploid cytotypes of this species. 

Hundreds of intra- and interspecific 
crosses were made to determine the En
dosperm Balance Number (EBN) of 
species for which the EBN was not 
known or needed to be confirmed. The 
results of crosses between 1EBN and 
2EBN species are being analyzed to as
sess the effects ofthisspecificcrossability 
barrier. Several hybrids with progenitors 
havingdifferenttypesofrcsistancegenes 
have beeA obtained within the wild 
species genepool, and hybrid materials 
with potential for combined resistances 
will be evaluated for these resistances. 

Potato Germplasm Collection
 
Potato Germplasm Maintenance 

The total cultivated potato collection 

planted in tQe field in 1989 consisted of 
3,439 Andean cultivars. About 99 per-
cent of these cultivars are also main-
tained in vitro. Another 1,600 accessions 
from recent introductions are being 

Thrust I 

studied to identify new cultivars that are 
not represented in the world collection. 

As a security measure for the potato 
collection, CIP has duplicated a set of 
tubers of Peruvian cultivars at the Na
tional Agrarian University in Peru. This 
university maintains a national potato 
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collection in a high-altitude field gene-
bank in central Peru. In collaboration 
with the SEINPA project in Peru, a new 
approach is being tested to conserve 
potato genetic diversity in the fields of 
Andean farmers. This project helps train 
farmers in the true-potato-seed (TPS) 
technology as applied to native Andean 
cultivars. Selection of segregating virus-
free plants is made by the farmers ac-
cording to their local needs and 
preferences. Farmers in three localities 
are now using TPS of about 20 native 
cultivars that are most popular in those 
geographical areas with traditional 
agriculture, such as Cajamarca, Cuzco, 
and Puno. 

Anew cold room (-15C) for long-tcrm 

storage of seeds has been added to the 
Genetic Resources Laboratory and sufi-
cient space is now available to house 
duplicate sets of seeds from other potatogenebanks, 

Elimination of Duplicates 

Duplicate identification is continuing 
within 1,600 potato accessions from 
recent introductions. After electro-

phoretic verification, 603 duplicates were 
eliminated in material obtained from Ar
gentina, Bolivia, and Peru. 

Evaluation and Distribution 
of Potato Germplasm 
Of 200 Andean cultivars screened for 
resistance to the potato tuber moth, 

Phorfitnaeaoperculella(PTM), 15 were
found to be resistant and 35 moderately
resistant. Pathogen-tested Andean cul
tivars were distributed to 14 countries as 
215 tuber samples, 357 in vitro plantlets, 
and 7,090 seeds. 

in Vitro Collection of Potato Germplasm 

Theti nttransfer of thec l worldu e potato collecin v ro s n w c mp t . 
tion to in vitro culture is now complete. 
The material is fully duplicated outside 
of Peru through a collaborative agreement with INIAP, the national agricul

t rsah ora nationofrEcuaotural research organization of Ecuador.In vitro introduction of clonal material of 

odd ploidy and wild species was begun
during the year. Computerization of
maintenanc, procedures of the collec
tion is now co. -'Icte, and all labelling is 
prepared by coml. iter. 

Utilization Studies on Potato 
The Utilization of S. acaule apparent resistance to PLRV. The 

PLRV resistance is based on resistanceIn selection, maintenance, and utilization to aphid infestation and multiplication of
of clones resistant to PLRV and PSTVd, the virus. The 25 clones thus identified
124 clones of S. acaule that had been have been transferred :o in vitro and are
found to be resistant to PSTVd by ready for utilization in germplasm enhan
mechanical inoculation were further cement and breeding. Preliminary
tested by Agrobacterian-mediated screening results indicate that some of
PSTVd cDNA inoculation (strain pl60a) 
for resistance to the same pathogen. 
Twenty-one clones from this material 
were found to be resistant to Agrobcc-
terinum-mediated PSTVd inoculation, 
and an additional 4 were identified with 

this material also might carry resistance 
to PVY and PVX. From this S. acalde 
material, F2 and backcross populations 
have been generated that will be used in 
RFLP mapping projects for the iden-
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tification of genes that determine resis-
tance to PSTVd and to some viruses. 

Several systematic schemes for the ef-
fective utilization of this S. acaule 
material have been developed, including 
a cross combination betYzcn S. ucaule 
and tetraploid-cultivated potato clones, a 
combination that always failed in the past, 
due to the operation of the triploid block 
or the EBN barrier. An innovative ap-
proach using counterfeit pollination with 
the haploid inducer IvP 35 and embryo 

rescue resulted in six 4x S. acaule x 
tuberosum/andigena hybrids. This ma
terial was further crossed with 2x breed
ing material, and the resulting tetraploid 
hybrid clone AA-3 is resistant to PSTVd, 
is immune to PVY, and is hypersensitive 
to PVX. All of these resistances were 
obtained from the S. acaulesource. Some 
ofthe sibs of AA-3 are aneuploid and will 
thus provide excellent material for 
RFLP gene-marker studies. 

Potato Germplasm Enhancement
 
Diploid and 4x x 2x Potato Germplasm 

for rto root-knot 
SeateN r itnsc 
ne'matode (RKN). Findings confirmed 

that CIP's 2x progenitors with resistance 
to RKN transmit that resistance to their 
4x progenies which result from 4x x 2x 
crosses. ro 4xx2crognies.AbouthicfthesultAbout 18% of the 4x progenies 

thus obtained were resistant to RKN. 
These results also indicated that male x 
female interaction determines the levels 
of resistance expressed in the 4x hybrid 
matei;al. An average increase of 5C in 
the testing environment caused by achange of roofing material, further 

diploid material has S. multidissectun, 
S. bukasovii, S. canasense,and S. gorlayi 
in its background. These wild species 

were crossed with dihaploid S. tubero-
SI ssp. tuberosum clones that were 
produced under a research contract with 
the University of Wisconsin. Some ofthese clones have good 2n pollen produc
thon ae nodn usen produc
tion and are now in use in a 4x x 2x crossing program. Their excellent tuber 
ap pea ra m. he ir in tube

appearance had been confirmed in a pre-

Resistance to bacterial wilt in selected
rooingmateial 

demonstrated that higher temperatures wrcloneA total4 ioi clo 
might eliminate resistance reactions ob- were evaluated by inoculation with iso

chane o furher2r clones. A total of 40 diploid clones 

seredsmen te ateialin revouslate 204 of Pseudomonassolanaceanirn. 
served in the same material in previous 

Because of the temperature problem 
encountered in the customary testing en-
vironment, an in vitro method was used 
to test newly developed diploid clones for 
RKN resistance. High levels of resistance 
were identified in 5 new diploid clones. 
This material broadens the specific 
genetic base of RKN resistance at CIP, 
since the only previous effective and 
usable wild sources of RKN resistance 
were clones ef S. sparsipilum. The new 

Each clone was represented by 10 plants 
were evaluatedthat for wilt symptoms 

after 12, 25, and 32 days. The scale used 
in this evaluation ranked from 1(no wilt
ing) to 5 (completely wilted plant). Three 
clones from this group (84.193.30, 
85.37.38, and 85.123.8) had ascore of 2 at 
25 days after inoculation, whereas the 
completely susceptible check, the 
Peruvian variety "Yungay," had a score 
of 3.4. All of the resistant genotypes have 
clone MI.49.10 in their pedigrees. This 
clone had previously been selected for 
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bacterial wilt resistance and 2n pollen 
production. Similarly, 84.193.30 and 
85.123.8 had previously demonstrated 
resistance to BW. Clone 85.37.38 is 
known to transmit RKN resistance to its 
4x progenies resulting from 4Y x 2x cros-
ses; thus this clone combines BW and 
RKN resistance, and it has been used as 
a pollen parent in seventeen 4x x 2x com-
binations to obtain more than 12,000 
seeds. 

Resistance to the Potato Tuber Moth 

(PTM). Excellent progress has been 

with MI.49.10 and FH122 (PTM suscep
tible clones of S. .si;totomum) as pollen 
parents, the progenies with MI.49.10 in 
thei,' pedigrees showed considerably 
higher levels of resistance than did those 
derived from FH122. The 116 seedlings 
(rom 5 families with MI.49.10 as male 
parent had an average score of 2.86 after 
150 days of storage, whereas 93 seedlings 
from 4 families with FH122 as their male 
parent scored as high as 3.31 after the 
findingslength of time in storage. Thesesame are the more remarkable be
c a th rearle bee is 

made in transferring PM rsistncecause Ml.49.10, which is clearly thePTMmadein ranserrng resistance source of this resistance, was not specifi
from the wild species S. sparsipilumto2x 
cultivated germplasm, with findings in-
dicating that the presence of S. spar-
sipilum is desirable, but not essential, for 
the expression of resistance. A total of 
466 clones from nineteen 2x families were 
evaluated for their resistance to PTM, 
under storage conditions at San Ramon. 
Five replications per genotype were 
used, and the material was evaluated 150 
days after it had entered storage, using a 
scale ranking from 1 (resistant) to 4 
(completely susceptible). High levels of 
resistance were identified in family 2x-
TS-2 x PTM1.33, which had tuberosum 
cytoplasm. The average resistance score 
of this family was 2.28, and 4 clones had 
a score of 1.Doubling of the chromosome 
number ofthese clones is now under way. 
Parental 2x clone MI.49.10 appears to 
transmit PTM resistance as two families 
with this progenitor, which had been 
crossed with susceptible females, showed 
good levels of resistance to PTM. Initial-
ly, MI.49.10 had been selected for resis-
tance Lo bacterial wilt and for its ability to 
produce 2n pollen. Since its wild pro-
genitor is a clone of S. sparsipilm, this 
result might be expected. In comparing 
progenies derived from 2x x 4x crosses 

cally selected for this characteristic. 
These results support the idea that RKN, 
BW, and PTM resistance, as well as 2n 
pollen production, can be combined in 
individual diploid genotypes that will 
transmit these characteristics to their 4x 
offspring. 

From material identified as PTM 
resistant in previous experiments under 
conditions of natural infestation in San 
Ramon, 152 clones were further studied 
with a laboratory non-choice test, and 
three groups were identified in the 2x 
material according to their levels of resis
tance. The first group is from crosses 
between S. tuberosuni haploids and 
PTM-resistant diploid clones (Sx F). Of 
89 clones studied, 7 were classified as 
resistant (R) and 29 as moderately resis
tant (MR). The identification of 7 clones 
with a clear-cut resistance reaction sup
ports the conclusion that PTM-resistant 
clones can be developed without the 
S. sparsipilm cytoplasm. The second 
group was a reciprocal cross of the first 
(R x S). Only 5 clones were tested, and 
none were resistant. The third group rep
resented a cross between resistant clones 
(R xR). Of the 17 clones tested from this 
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group, only one was susceptible, whereas 
9 were resistant and 7 m:derately resis-
tant. Previous results had indicated that 
clone MI.49.10 transmitted some PTM 
resistance to its 4x progenies in 4x x 2x 
crosses. However, when thirty-eight 4x 
clones that had MI.49.10 as a male pro-
genitor were tested by the laboratory 
method, none was resistant. It appears 
that all clones identified as moderately 
resistant under San Ramon conditions 
turned out to be susceptible when tested 
by the laboratory method. 

Yield trialsof 4x x 2x progenies. Tetra-
ploid progenies obtained from 4x x 2x 
crosses were field tested to ascertain 
whether the 2x progenitors, which were 
often derived from wild species, would 
transmit their resistance to their 4x 
progenies. The agronomic performance 
of the 4x material was evaluated at the 
same time. The 4x material derived from 
wild species often produced high-yield-
ing clones with excellent agronomic char-
acteristics and the desired resistances, 
but this material was usually late-matur

ing. Use of early-maturing 4x females in4x x2xwa cosss corectsugestd t 
4x x2x crosses was suggested to correct 


sidered for this type of 4x x 2x cross. The 
second group was produced by crossing 
early-maturing females (Atlantic, Katah
din, AVRDC 1287.19, LT-1, and 
HP278.22) with five male parents (of 
which four were 2x and one, 7XY-1, 4x). 
This group was generated to assess 
whether known early-maturing females 
can correct the late maturity derived 
from 2x males with specific resistances. 
Collaborative research is under way in a 
doctoral thesis study at the University of 
Wisconsin. 

Distribution ofseeds frorn 4xx 2x cros
ses to CIP breeders. Critical evaluation of 
progenies derived from 4x x 2x crosses in 
breeding programs is essential to assess 
the parental value of the resistant 2x 
progenitors. Therefore, a list of 158 TPS 
families derived from 2x x 4x crosses was 
distributed to CIP breeders to enable 

.m to make use of this material in their 
advanced breeding programs, as well as 
to assess the parental value of the 2x 
progenitors that are 2n pollen producerswith specific resistances to BW and RKN. 

Application of molecular methods for 
potato germplasm enhancement. S igthis deficiency. To assess the relative im- nificant advances were made in the use of 

portance of 4x female parents in the ex-
pression of maturity in their 4x offspring 
following a 4x x 2x cross, two groups of 
genetic material were produced. The 
first group consisted of families derived 
from crosses between five 4x female 
parents (P-3, LT-8, Atzimba, 1-1035, and 
781313F2) and 11 male parents, of which 
seven were 2x and four 4x. Of 55 cross 
combiuations, 49 hybrid TPS families 
were produced. Use of the wide range of 
maturitytypes within the group of female 
parents is expected to provide a clear 
understanding of locally adapted, early-
maturing females that could be con-
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Agrobacterium plasmid gene constructs
 
to transform potato clones. A range of 
new promoter (control) sequences was 
obtained and tested, and it is now pos
sible to regulate the amount and site of a 
particular gene product. Such control al
lowed direct production of synthetic 
proteins high in essential amino acids and 
specifically directed to potato tubers. 

A relatively new marker gene, known 
as GUS, was added to all gene construc
tions. GUS, which codes for the produc
tion of an enzyme that reacts when the 
plant is given a particular substratum, 
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Figurel 1-1. Isolated roots in test for GUS activity. This test indicates preliminary evidencefor gene insertion. GUS-positive reaction is indicated by blue-stain reaction. 

represents a simple colorimetric test to 
ascertain the presence or absence of this 
gene product. Figure 1-1 shows the 
results ofra GUS assay. 

A wide range of transformation ex-
periments was performed in 1989 using 
both A. rhizogenes and A. tttmefaciens. 
The transformation products from these 
experiments have been tested using both 
kanamycin resistance and GUS reaction. 
New, more potent genes that show ac-
tivity against Pseutdontiotas solanacea-
riin, the causal agent of bacterial wilt,have been synthesized under contract 

lets transformed with Shiva have already
been tested with kanamycin and G.US 
and have been through early screening
trials conducted by CIP's pathologists. 
Cuttings from the survivors of the early 
screening are being re-tested. 

Collaborating with institutions in 
Florence, Naples, Rome, and Vitcrbo,
CIP assistL .in studies on transfo~rmation 
for pest and disease resistance and the 
use of in vitro methods to select for resis
tance to biotic and abiotic stresses. 

eictoFrgntLghPlvo-
Reisiin FrAalysisLengPoymer
 

withLousiaaStte nivrsit intheCIP established a new research contractU.S.A. These genes code for antibac-
teiaro teins uha tai n 

cropin.RFLP 
However, synthetic modifications 

known as SB-1 and Shiva show a substan-
tially higher level of antibacterial activity
than does the natural component. Plant-

wt onl nvriyi h ... t
further develop the already existing 

linkage map of potato (shown in
Fig. 1-2). The map has advanced sig
nificantly and is based on tomato probes.
On the basis of this map, a collaborative 
Cornell Univcrsity-CIP project was car-
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Figure 1-2. Genetic linkage map of potato. 

ried out by a CIP scientist on sabbatical 1-3. This figure demonstrates how RFLP 
leave at Cornell. The map was principally data can be used to assist plant breeders. 
used to elucidate, in preliminary fashion, The next step ispopulation development 
the phylogeny for tuber-bearing Sola- and identification of useful traits. A num
nuins. The results are shown in Figure ber of populations are currently being 

A 
, ,10 .. .. . . .. . . . ..--00. d 

0.08 

0.06 

0.04 

F-F 
0.02 .
Figure= !P!,,P I'PI, IIe 

dns adl ch ver sto bet mcd v¢rn spl tbr phu sIn Ibr buk elb ap bib • yc 

Figure 1-3. Dondrogram representing estimates of genetic distance (d) based on all RFLPs 
observed among 18 Solanum and two Lycopersicon species. Abbreviations for species are as 
follows: dms = demissum; acl = acaule; chc = chacoense; ver = verrucosum; sto = stoloniferum; 
ber = berthaultii; mcd = microdontum; vrn vernei; sp' = sparsipium; tbr = tuberosum; phu = 
phureja; stn = stenotomurm; tbr = tuberosum; buk = bukasovii; etb = etuberosum; cap = 
capsicibaccatum; bib = bulbocastanum; L. esc = Lycopersicon esculentum; L. pen = Lycoper
sicon peruvianum; lyc = lycopersicoides. 
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produced at CIP which will allow further research. This network should expand
development of the potato RFLP linkage quickly to include a database and map
map. During 1989, CIP also began to es- pin5 clone bank. 
tablish a cooperative network for RFLP 

Sweet Potato Genetic Resources 
Collecting Activities 
and Taxonomic Identification 

During 1989, six collecting expeditions 
were made: one each in Guatemala and 
Panama, and four in Peru, with a total of 
299 accessions collected in 130 localities. 
Of these accessions, 155 were L batalas; 
9 represented two Iponioeaspecies from 
section Batats; 12 represented seven 
species from other sections, and 123 are 
not yet classified (Table 11). 

Germplasm Donations 

EMBRAPA donated in vitro cultures of 
79 sweet potato accessions from Brazil, 
and PRI donated an in vitro shipment of 
11 accessions from Australia. 

Duplication of the IITA sweet potato 
germplasm collection at CIP has been 

initiated with the transfer of 210 acces
sions maintained in vitro. This genetic 

material includes 34 advanced selections 
and 176 breeding lines. The 1,202 IITA 
accessions have been thoroughly docu
mented, and a computerized database 
now contains all available data. 

Table 1-1. Taxonomic identification of Ipomoea 

species collected in 1989. 

Species Guatemala Panama Peru Total 

Section Batatas 
/. batatas 
/. tritida 

14 
8 

71 
0 

70 
0 

155 
8 

1.peruviana 0 0 1 1 
Other sections 
Seven species 7 0 5 12 

Undetermined 108 6 9 123 
299 
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Germplasm Maintenance 

In 1989, a total of 3,520 sweet potato 
accessions were planted at La Molina. 
From these 3,520 accessions, 1,868 
Peruvian cultivars and 338 breeding lines 
were grown in the field. Another 966 
sweet potato cultivars from countries 
other than Peru were grown in pots in the 
quarantine screenhouse, and 3 acces-
sions are being maintained as in vitro 
culture. 

The genetic resources staff of two 
INIAA g ent stations in Peru 
received training related to the main-rence sed ateoaining the main-
ten, ,nce of seed potato germplasm. 

A total of 54,379 open-pollinated 
seeds were obtained from 78 accessionsof 10 wild Iponzoea seisof section 

species 
Batatasgrown in pots at La Molina. Ad-
ditionally, 2,933 seeds from self-pollina-
tions of 17 accessions (representing five 
species) were received from North 
Carolina State University (NCSU). 

The in Vitro Germplasm Collection 

During 1989, in vitro introduction of new 
sweet potato accessions was limited to 
material of highest priority because of 
lack of adequate growth space. A total of 
2,400 sweet potato accessions have now 
been introduced into in vitro and main
tained under slow growth conditions. 
Various experiments are under way to 
improve the existing slow-growth condi-
tions that allow approximately 9-12 
months between sub-cultures. Of the 
2,400 accessions maintained in vitro, 900 
were duplicated outside of Peru under an 
agreement with Centro IDEAS in 
Venezuela. Such agreements help to 
safeguard thesevaluable genetic resources. 
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Duplicate Identification 

Duplicr.te verifications by electropho
retic :nalyses were made in 252 Peruvian 
cultivated accessions that were from 60 
groups with identical rorphological 
characters. These analyses were made at 
the Institute of Biochemistry in Braun
schweig, West Germany, and the clectro
phoretic results and the groupings basede 
on morphological data were found to bt: 
in agreement for approximately 85% of 
the accessions. Experimcaits were also 
designed to test the stability of the sweet 
potato electropherograms. No electro
phoretic differences were found in com
paring storage roots from the same 
cultivar at weights of approximately 30, 

60, 120, and 250 grams. In addition, no 
differences were found in protein and 
esterase pattens, when comparing 
storage roots of different physiological 
states. Analyses of samples of the same 
cultivar harvested at weekly intervals 
(begun 45 days before the main harvest) 
showed only minor electrophoretic dif
ferences in the youngest storage roots. 

Training courses in the use of morphological descriptors for duplicate 
identification in sweet potato germplasm
idection wee otato gepa 
co o were condcte insKen 
anTg w s eeinstmaintain similar collections. 

Germplasm Evaluation 

Nutritional components of storage roots 
were analyzed at AVRDC on samples 
from 897 Peruvian cultivars with the 
following findings. Of the cultivars, 35 
had a dry-matter content of more than 
40%; 13 had a starch content of more 
than 70%; 4 cultivars combined more 
than 35% of dry matter with more than 
10% of total protein; 4 cultivars had less 
than 2% total sugar content; and 26 cul
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tivars had less than 2% fiber content, 
Significant negative correlations were 
found betveen dry mattei and total 
protein content (r = -0.106) and between 
dry matter and fiber content (r = -0.411). 
The correlation was positive between dry
matter and starch content (r = 0.432). 

plants because of their low sugar content, 
skin color, or flesh color, also were 
evaluated for yield potential at Caraz. 
Three of the 25 cultivars tested yielded 
more than 800 grams per plant in 5 
months. 

Storage roots of 106 accessions of 
Peruvian sweet potatoes collected at 

more than 2,000 m were evaluated in cool 
environments in Caraz, Peru (2,300 m) 
and at three other locations in Peru. 
Temperatures reached OC to 12C at 40 
to 60 days after planting, resulting
primarily in a shortening of the internodelength and reduction in leaf size. The 

most noticeable effect was on storage 
root development; of 57 accessions 
grown at Caraz, 18 yielded more than 800 
grams per plant in a growing period of 
five months. A general observation was 
that those accessions having leaves with 
medium to deep lobing showed higher 
tolerance to cool temperatures. 

Twenty-five Peruvian sweet potato 
cultivars with vernacular names that are 
associated with potato or cassava or stem 

Sweet Potato Germplasm Enhancement 
Production of Cultivated Hybrid treatment of 3x L tlifida hybrids, 55Material with Specific Traits genotypes with good pollen stainability 
True sweet potato seeds were identified and selected. They areTrueswet sees have beenptat hve een either synthetic 6x clones or 3x clones
produced in polycrosses fo~r some traits c hrsnhtc6 lnso xcoeof interest to breeders. These traits ar wilh a high frequency of 2n pollen. To
lof iugnteres to br rs trai arcdevelop a 6x population with reduced 
low sugar content in storage roots, 
orange flesh color, white flesh color,tolerance to cool environment, and adap-
tation to high altitude , 

Development of Cytological
andIn Vitro Techniques 
The development anduse c/asyntheuic 6" 

L trifida population. After colchicine 

L batataswere screened for resistance to 
the Euscepespostfasciatusweevil. A total 
of 18 cultivars were rated as resistant and 
another 12 as moderately resistant. 

CIP has worked with the national 
programs through researchtwo con
tracts in the People's Republic of Chinatat ntePol' eulco hn(Xuzhou and Guandong) to characterizethe Chinese National Sweet Potato Col
teCin toomputeet Ptaoand t 
lction, to computerize the data, and to 
introduce the clones to in vitro culture. 
Germplasm Distribution 

Distribution of genetic materials for 
evaluation or utilization at CIP included 
20,572 stem cuttings from 1,810 acces
sions; 3,810 storage roots from 561 acces
sions; and 2,345 seeds from 281 
accessions of wild Ipomoetq species. 

breeding effects, these 55 selected 
eng efe tes5 ltedgenotypes were inter-niated by hand pol

lination, and a total of 236 plump seedswere obtained from 58 families. A poly
cross also was set up in San Ramon toproduce quantities of seed, while cli
minating labor-intensive and time-con
suming hand pollinations. Five plants-per 

genotype were planted in pots and the 
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polycross block was isolated from other 
Ipomoea plants by at least 800 m to en-
sure complete isolation. Each of the 
genotypes planted in San Ramon had 
previously been checked for self-incompa- 
tibility. The 38 genotypes produced more 
than 3,000 plump seeds, and eight of the 
genotypes produced more than l00 seeds 
each, all of them hexaploid. Hexaploid 
clone A.19.2.1 produced 622 plump 
seeds, the highest number obtained from 
a single clone in this experiment. Of the 
55 clones that had entered the polycross 
block, 17 did not produce any seeds. They 
are mostly 3x clones with 2n pollen pro-
ductiox, However, 18 of the 3x clones did 
produce some seed, indicating the pro-
duction of 2n eggs in this material. The 
value of the polycross method for the 
production of large quartities of seeds 
was well demonstrated with this experi-
ment, and the seeds obtained represent a 
new cycle of a 6x I. trifida with improve-
ments for male and female fertility. These 
seeds have been sent to China and the 
Philippines for use in interspecific breed-
ing programs there, and another set of thks 
6x material will be made available under 
CIP's research contract with NCSU. 

The 55 genotypes selected for the 
polycross experiment in San Ramon were 
also tested for their resistance to RKN at 
La Molina. Six genotypes demonstrated 
a high level of resistance to this nema-
tode, and another 17 were classified as 
resistant. The resistant clones were field-
tested in San Ramon, and 19 out of 23 
clones were again found to be highly 
resistant. They are now being used as a 
new source of resistance to complement 
available sources of RKN resistance in 
cultivated sweet potato material, 

Theproductionof interspecifichybrids 
of!L batatasand!L trifida. In La Molina, 
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9,054 hand-pollinations in crosses be
tween 6 sweet potato cultivars and the 55 
selected L tifida clones mentioned ear
lier, produced 1,130 seeds from 135 
families. When these seeds were sown in 
San Ramon, however, only 60 (5.3%) ger
minated. This result confirms the 
hypothesis that there is an incom
patibility between the cultivated sweet 
potato L baatts and I. trifida, which is 
expressed as low germinability of the 
hybrid seeds. This may represent a con
straint for the efficient use of . trifida in 
sweet potato breeding. Further inter
specific crosses between I. batatasand 
1.trifida resulted in 322 seeds from more 
than 8,000 hand pollinations. This seed is 
being made available to regional breed
ing programs upon rqust.
 

Productionand use of 4x interspecific 
hybrids. The successful production of 4x 
interspecific hybrids was reported in the 
1989 Annual Report and these hybrids 
were evaluated in the field at San Ramon 
last year. The yielding ability varied wide
ly and the majority of the 4x hybrids 
yielded little (less than 2(X) g per plant), 
or nothing. However, 4 hybrid clones 

yielded more than 1kg per plant,wiicreas 
the cultivated 6x parents of these clones, 
which had been planted as checks, 
yielded only 0.49 kg per plant or less. 
Twenty of the 4x hybrids were selected 
for their high yields and were "rossed 
with ac(cssions of 2x and 4x I. trifida. It 
was expected that the 3x or 4x hybrids 
resulting from these crosses would pro
duce storage roots as a result of the input 
of genes that determine this character 
from the root-producing, 4x hybrid 
progenitors. Evaluation of the perfor
mance of the hybrids thus obtained al
lows an indirect estimation of the value of 
2xand4xaccessions.Table 1-2 shows the 



Table 1-2. The production of hybrid seeds by Inter-mating 2x and 4x I. trifidaand 4x Interspecific
hybrids invarious combinatiois. 

Cross 
combination 

2x trifida x 4x hybrids 
4x hybrids x 2x trifida 
4x trifida x4x hybrids 
4x hybrids x 4x trifida 
4x hybrids x 4x hybrids 

No.of No. of seedsa No. of A seeds/
pollinations A B C 100 pollinations 

5287 193 304 525 3.65 
5307 1380 96 110 26.)0 
1529 1529 312 100 20.41 
4977 1528 80 199 30.70 
8450 799 97 119 9.45 

"A = plump see is, B = ;'termediate, C = empty seeds. 

results of the crosses involving selected 
4x hybrid progenitors. More than 25,000 
pollinations were made, and 4,212 plump 
seeds were obtained. Seed-set results 
(number of seeds per 100 pollinations) 
indicatcd a clear reciprocal difference in 
crosses between 2x L tifida and 4x inter-
specific hybrids. This finding isin accord-
ance with empirical data indicating tha, 
the plant with the lower ploidy level 
should be used as a male in inter-ploidy 
crosses. These 4x hybrids may have low 
male and female fertility rates, which 
might be expected in interspecific hy-
brids. Field experiments are under way to 
test the hypothesis that 4x interspecific 
hybrids, which are able to form storage 
roots, might be used as testers to indirect-
ly determine the genetic value of wild 2x 
and4 xlponoeamaterials that are unable 
to form storage roots. 

The low fertility of the 4x interspecific 
hybrid material reduces the efficiency of 
seed production in crosses with 2x or 4x 
wild Iponioeaclones; thus some of the 4x 
interspecific hybrids were intermated 
and their progenies were checked for 
pollen stainability. Dramatic improve-
mcn( in pollen stainability was observed 
in these progenies, as compared with that 

of the original parental material. About 
7r% of the new population had pollen 
stainability higher than 50%, whereas 
only 6.2% of the original 4x interspecific 
hybrid population had such values. 

Crossability Studies
 
Within Section Batatas
 

The taxonomic section Batatas of the 
Convolulaceae, to which the cultivated 
sweet potato belongs, contains manywild 
species; only!L mifida has been used in the 
work of sweet potato germplasm enhan
cement. This crossability study was 
begun within this section to study the 
feasibility of using the rest of the 
taxonomic section for germplasm enhan
cement work. In six of he 11 species 
studied, 2n pollen w'ts formed. Of 70 in
terspecific combin.tio,s examined, 28 
were successful, and high crossability was 
observed between parents of the same 
ploidy level. Through their use as bridg
ing species within section Batatas, all 11 
species studied have become genetically 
accessible either directly or indirectly; 
thus, this section has been opened up for 
future sweet potato germplasm enhance
ment work. 
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Attributes for resistances or tolerances to pests, diseases and 
stresses are being combined with those for yield, tuber 
characteristics, and processing quality. 



Thrust II 

Production and Distribution
 
of Advanced Genetic Material
 

Thrust Profile: 1990 
In selection of potato progenitors for variety development and for true potato seed
(TPS) utilization, progenies of advanced clones from CIP and from research contracts 
were evaluated at several locations within Peru. The selected clones showed good
parental value for yield, earliness, and Luber characteristics, and some of them had
good attributes for processing quality. To evaluate tolerance to drought and salinity,
800 potato clones (selected at San Ramon and La Molina) were tested at Tacna during
the 1989 winter season, using single plots of 20 tubers/clone. Some clones from this
population showed high yield and earliness. The combination of these traits with
resistance to viruses and other diseases that are present in this population give an
added value to the progenitors to be selected in forthcoming evaluations. 

Populations bred for adaptation to warm tropical environments and a selection of
TPS progenitors were evaluated at San Ramon and La Molina. Of 200 clones, 10 were
selected at La Molina and 2 at San Ramon. Specific gravity (SG) of these clones
ranged from 1.066 to 1.093; reducing sugar content (RS) ranged from 0.05% to 0.18%,
and yield ranged from 0.6 to 1.3 kg/plant. The clones showed good tuber shape, color,
and quality attributes for making chips and french fries. 

At San Ramon, Peru, approximately 220 clones from 1987 and 1988 TPS popula
tions were ;valuated for their agronomic and reprodu,-tive characters, under rainy
and dry-season conditions. Som clones showed excellent agroromic and
reproductive characteristics, including LM88-B-40, LM88-B-38, LM88-B-10, LM87
B-217, and LM-87-B-27. These clones are being placed in crossing blocks to assess 
their parental value. 

At present, identification of triplex and quadruplex (YYYy and YYYY) clones
with immunity to PVY is under way. This is an important CIP achievement as it will 
permit definitively resolving the serious problem of PVY, one of the most damaging
potato viruses. In fact, any susceptible clone crossed with the triplex or quadruplex
clones will produce progenies with all individuals immune to PVY. Also, duplex
clones immune to both PVY and PVX are being identified (YYyyXXxx). Any
susceptible clone crossed with these duplex clones will produce progenies with 70% 
of individuals immune to both viruses. 
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Germplasm was distributed from CIP-Lima to countries in west and central Africa, 
including Ghana, Equatorial Guinea, Ivory Coast, Liberia, Cape Verde Island, and 
Mali. Clones were evaluated directly under farmers' conditions, independently, and 
in participation with the collaborative institutions. Only organic manure was used as 
fertilizer during the growing season. 

Promising new clones have been selected in experiments to assess cultivars of 
diverse genetic types for yield and other qualities. These experiments were conducted 
in New Caledonia, Thailand, Fiji, Tonga, French Polynesia, the Solomon Islands, and 
the Cook Islands (Southeast Asia and the South Pacific). The clone 377850.1 was 
selected in Fiji and has shown good bacturial wilt and virus resistance, along with heat 
tolerance and good storability. Many other promising clones are now in the early 
stages of evaluation. 

More than 2(X) CIP cultivars have been evaluated at the different locations in 
China. In yield trials conducted at Enshi, Hubei province in southern China, clones 
386221.7, 386081.3, and 386198.3 outyielded the local cultivar and are being further 
evaluated. 

In China, the area grown from TPS transplants increased from 80.5 ha in 1987 to 
110 ha in 1988, and to 150 ha in 1989, and included farms in approximately 20 
provinces in southwestern China, and Humcng and Datong in northern China. 
Improved logistics, availability of high quality TPS, the establishment of TPS collec
tions, distribution procedures, and CIP input in personnel training contributed to this 
increase. 

In sweet potato population-improveenict work done in Peru in the coastal desert 
and in the Amazon basin, the initial goals are to select materials with high yield, early 
root bulking, broad adaptation, and a range of characteristics important to con
sumers. Emphasis is on evaluation and use of the newly collected Peruvian 
germplasm. Foreign sweet potato clones introduced into Peru will be used in breeding 
and to compare Peruvian materials with advanced foreign materials. However, 
quarantinle restrictions have slowed the introduction of these foreign clones. 

During 1989, CIP distributed potato genetic materials to cooperators in 88 NARS, 
and shipments of in vitro plantlets, tuber families, true sccd families, and TPS showed 
increases over 1988. Materials now available from the pathogen-tested list include: 
245 advanced cultivars and varieties, plus 35 in the clcan-up process; and 172 
accessions from native and wild gcrmplasm, plus 56 in the clean-up process. Six sweet 
potato cult;vars are now on the pathogen-tcstcd list and 62 arc in the clean-up process. 
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Potato Population Development
 
Extensive selections were made fur 
parentallinestobeusedforvarietyselec-
tion and for true potato seed (TPS) 
utilization. During the summer, at La 
Molina, Peru, 42 advanced clones from 
CIP's program (30 clones) and from the 
University of Maine (12 clones) were 
evaluated for their parental value. The 
teste!r used was a pollen bulk of clones 
with combined immunity to both PVY 
and PVX. Clones C83.383, Maine-37, 
C1-137, C84.081, and C84.707 showed 
good parental value for yield, tuberuniformity, selected genotypes, and 
medium maturity rates, 

At San Ramon, Peru during the sum-
mer, a sample of 35 clones was evaluated 
for general combining ability (GCA), 
using a line x tester design (5 x 7). This 
sample included clones with immunity to 

Table 2-1. Top-performing progenies from a line 
summer 1989. 

Yield
Progeny (g/plant) 

C84,705 x YY-9 
 613 

C84.705 x YY-1 5 
 556 

C83.119 x YY-9 
 538 

C84.705 x YY-1 
 510 

1-1035 x XY-15 
 497 

C83.119 x XY-15 
 466 

1-1035 . LT-9 
 465 

C83.119 x YY-1 
 457 

B-71-240.2 x YY-9 
 456 

C84.705 x Y87-013 451 

C84.705 x Y87-018 434 

C84.705 x YY-5 
 431 

B-71-240.2 x XY-15 
 430 

C84.412 x YY-9 
 416 

C84.705 x LT-9 
 411 


LSD (0.05) 152.8 

PVY (simplex and duplex) and PVX, and 
with combined immunity to both PVX 
and PVY. 

The yields were acceptable (Table 2-1),
 
with many of the progenies showing high
 
yield, good tuber uniformity, and earli
ness. All of these progenies segregate for
 
either PVY or PVX immunity. Clones
 
XY.15 and C84.705 were found to have a
 
high GCA for yield, tuber uniformity, and
 
earliness.
 

During the winter at La Molina, a
 
sample of 286 
 clones introducedUruguay, fromwas evaluated for agronomic 
attributes using single plots of 10 hills. 
This sample had been generated from 
segregating TPS progenies for process
ing attributes and virus resistances 
(PVX, PVY, and PLRV). The resultant 

x tester using 7 lines of 5 testers. San Ramon, 

Tuber 
uniformity Earliness 

6.3 6
 
6.3 7
 
5.7 4
 
6.3 8
 
6.7 7
 
6.8 4
 
6.9 8
 
6.6 5
 
6.6 6
 
6.2 8
 
6.3 6
 
6.0 7
 
6.4 6
 
6.9 6
 
5.9 8
 

0.7 
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Table 2-2. Top-performing advanced clones 
selected at San Ramon. Evaluated at Tacna at 
90 days. Winter 1989. 

sPivl i d 

Clone (%) 

(CFK-69.1 x377964.5)21 70 

2 (LT-9 x 378676.6)4 
3 C86.027 
4 C87.077 
5 (LT-8 x 575049)1 
6 (LT-8 x 377964.5)25 

70 
80 
90 
80 

80 
7 (CFK-69.1 x377964.5)12 90 
8 379418.1 70 
9 C84.617 80 

10 LT.8 80 

( 


22.42 

14.67 
12.17 
12.03 
11.11 
10.78 
9.89 
7.94 
5.22 
3.83 

clones were shown to have an adequate 
tuher shape fcr processing purposes, and 
23 el tihrewere selected and are being 
tested forimmunity to several viruses, 

To evaluate drought and salt 

tolerance, 800 potato clones (selected at 
San Ramon and La Molina) were tested 

in Tacna, Peru during the 1989 winter 
season, using single plots of 20 
tubers/clone. The clones showed high 

yields and a good level of earliness 
(Table 2-2). This population contains 
many combinations of resistances to virus 
and other diseases that may be useful in 

developing parental clones in future 
evaluations. 

Populations bred for adaptation to hot 

tropical environments and for TPS 
parental-lineselection were evaluated at 
San Ramon and La Molina. Of 200 
clones, 10were selected at La Molina and 
2 at San Ramon. Spcific gravity (SG) of 
these clones ranged from 1.066 to 1.093; 
reducing sugar content (RS) ranged from 
0.05% to 0.18% using !he glucotest strip 
and yield ranged from 0.6 kg/plant to 1.3 
kg/plant, with good tub:r shape, color, 
and uniformity for making chips and
french fries (Table 2-3J). 

In a genetic tudy, an 8 x 8 diallel 
design, including Fls and reciprocals, 

Table 2-3. Clones selected for processing at La Molina (winter) and at San Ramon (dry season), 
1989. 

Clone 

E86.562 
E86.731 
E86.692 
E86.733 
LM86-2 
LM86-197 
LM86-240 
LM86-242 
LM86-663 
LM86-320 
377835.13 
(LT-7 x 378015.16)11 

8 French fries. 
b Chips. 
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Pedigree 

Barta x LT-7 
Cleopatra x LT-7 
CFS69.1 x Atlantic 
Cleopatra x LT-7 

BL2.5 x 378015.3 
Aphrodite x LT-7 
Altema x LT-7 
Altema x LT-7 
CEX 69.1 x Atlantic 
BR63.5 x Atlantic 

Specific Dry Reduced 
Use gravity matter sugars 

FFa 23.97 2.3 
FF 22.62 2.0 
CHb 21.30 1.5 
CH 22.26 1.8 
CH 2.5 
CH 1.070 1.5 
CH 1.066 1.5 
FF 1.071 2.4 
CH 1.064 2.1 
CH 1.066 1.8 

19.42 2.0 
18.30 2.5 

http:377835.13


was planted to determine the hereditary 
pattern of specific gravity (SG) and 
reducing-sugar content (RS). At 10 days 
after harvest, RS1 and SG were assessed 
in all plants, and RS was again evaluated 
60 days after harvest (RS2). Genetic 
analysis she:'.ed significant differences in 
GCA for yield and SG. No significant 
differences were found for reciprocal ef
fects in the characters being evaluated. 
Three field experiments estimated 
genetic parameters and compared the ef-
fect of sexual vs. asexual generation. 

Genetic variability of SG was due to 
additive genic effects with high narrow-
sense heritability, 0.75 for the sexual 

L 

generation, and 0.86 for the asexual 
generation. This means a selection for 
SG can be made in both sexual and 
asexual generations in spring or summer. 
Additive genetic variance was important 
in RS1 when seed tubers were used with 
heritability, 0.54. Dominance variance 
mainly influenced yield and RS2. 

Taking into account the genetic 
results, a first phenotypic recurrent 
selection cycle was initiated at La 
Molina, and a population of 100 
progenies was planted during the spring 
season to select progenies with proces
sing potential for the warm tropical 
countries. 

.082 

Promising advanced sweet potato clones are evaluated under a wide range of environments. 
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Table 2-4. Tuber yield and yield components of best 10 of 73 selected clones evaluated for length 
of storability under diffused-light storage (DLS) and adaptation to hot conditions in Canlubang, 
Laguna (150 m.a.s.l.), Philippines. December 15, 1989. 

Clone Parentage 

385145.1 MS-1 C.2 x Y84.012 

384515.9 7XY.1 x Katahdin 

385131.52 Y84.049 x378015.16 

385130.8 Y84.025 x378015.16 

385146.90 Pirola xY84.012 


385153,27- Y84.005 xLT-7 

385152.44 Y84.004 x LT-7 

385147.41 B71-240.2 x Y84.01 2 

384515.8 7XY. 1 x Katahdin 


385378.9 C83.387 xAVRDC 1287.19 

LT-7 (check) 

Cosima (check) 


Ackersegen (check) 


Mean 

NARiS and Regions 
Evaluation and Utilization of 
Advanced Genetic Materials 

The Philippines.A third field evaluation 

made of clones stored in diffused-was 
light stores (DLS) for 8 months and 
selected for long storability and for high 
yield under hot conditions. The five 
highest yielders were 3,85145.1, 384515.9, 
385131.52, 385130.8, and 385146.90 
(Table 2-4). All tubers of each clone 
were planted without replication. At har- 
vest, clones with high tuber yield and 
uniform tuber shape and size were 
selected and stored in DLS for another 8 
months for further evaluation. Plant sur-
vival was low in some clones, because the 

tubers were old. 

All clones that gave high yields had 
good canopy cover and virtually no virus 
symptoms; this was particularly true of 

Plants Tubers/ Average Tuber 
harvested plant tubor wt. yield 

(%) (No.) (g) (g/plant) 

37 11 65 750
 

64 7 109 750
 
90 6 121 739
 
74 11 55 588
 
47 9 61 579
 

42 5 112 550
 

73 11 51 536
 
46 8 70 531
 
50 7 77 525
 

41 11 45 514
 

50 6 44 253
 
40 6 35 217
 
45 6 21 123
 

60 7 50 348
 

those clones that produce more than 500
 
g/plant. TIe check cultivars (Berolina,
 

Cosima, LT-7, and Ackersegen) had low 
yields.
 

Colombia. Materials of the Colom
bian breeding program, as well as int:
ductions from CIP and other institutions,
 
were evaluated at (he San Jorge Experi
ment Station (3,1(X m) to assess the value
 
of clones in the National Program (Table
 
2-5). Usingan augmntd design with 14
 
resia ted desin it1 
relcae clones plut orptd 
ones,54 clones were evaluated for impor
tant traits. The experiments were made 
with and without fungicides. Although 

late blight was not severe, there was a 
severe incidence of rust (P.pittierialia), 
thus permitting a good evaluation of this 
discase. Excellent yicldswcrc obtained in 
some entries and national program 
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Table 2-5. Yield and performance of some CIP clones of the International Late Blight Project when 
compared with and without fungicides. Selected at San Jorge, Cundinamarca, Colombia, 1989. 

Clone Earlinessa Ruste LBc 
Yield 

(kg/plant) Rustb LBC 
Yield 

(kg/plant) 
Specific 
gravity 

81-144.10 3 0 1-2 2.50 0 2-2 2.66 1.070 
82-300.1 5 1 1-1 2.4d 5 2-2 2.62 1.086 
82-229.1 4 0 1-2 2.51 3 3-3 2.08 1.082 
82-242.3 4 0 2-2 2.19 0 2-2 2.18 1.091 
798148.4 3 1 1-2 2.03 2 2-2 1.89 1.093 
798143.3 3 1 2-2 2.17 3 4-4 1.94 1.091 
79-94.3 5 0 1-2 1.95 1 2-2 1.79 1.098 
380277.12 3 3 1-2 2.21 6 2-3 1.96 1.101 
379055.1 4 0 2-3 1.94 5 4-5 1.90 1.093 
378192.4 2 1 3-5 1.34 1 9-9 0.86 1.078 
Monserrate 5 0 2-2 2.27 0 4-4 2.29 1.106 
P. Pastusa 5 2 2-3 1.79 4 4-4 1.69 1.107 
82-222.1 4 1-2 1.78 3 2-4 1.58 1.089 

a 1 = Early, 5 = Late.
 
bRust (maximum reading): 0 = 0%, 5 = 50%, 6=75%.
 
CLB (1-9): 1 = 0%, 9 = 100%. 

clones 79.43.3 and 82.242.3 performed 
very well, especially 79.43.3, which will be 
released soon as a new cultivar. 

East Africa. A regional trial is under 
way to evaluate a set of promising ad-
vanced clones under a broad range of 
environments in east and southern Africa 
to identify the best-adapted cloncs. The 
national programs of Burundi, Ethiopia,
Rwanda, Tanzania, Uganda, and ZaireRwana, nd ZireanzaiaUgana, 
are participating in this trial, which in-
cludes some of the best clones from this 
program and from CIP. Rwanda,
Ethiopia, and Zaire have reportedclns 

ready for release as new varieties: CIP 
381295.1, CIP 381293.3, and PNAP 
8201.12, (Rwanda); CIP 374080.5 
(Ethiopia); and CIP 380606.6 and CIP 
380602.22 (Zaire). These clones have-
gone through several selection cycles, in-
cluding multi-locational national yield 
trials. 

Tunisia. Twenty-five clones selected 
in 1988 and previous years we-re planted 
in 1989 and 11 were selected for further 
testing in 19)0, including CIP clones 
382196.2, 385072.1, 385276.1, 38303.1, 
386303.2, and 386303.4. These clones 
have an acceptable plant type for north 
Africa: large leaves, short to medium
sized stems, and good ground cover. 

l'cst and centralAftica. During 1988 
and 1989, gcrmplasm was sent from CIP

a 18 gerpl wsentro cin-
LimaGhana,to sEveral countries, includingEquatorial Guinea, Cfte d'-
Ivoirc, Liberia, Cape Verde, and Mali. 
Forty clones wcro ssnt to Equatorial
 

Guinea and were evaluated directly 
under farmers' conditions. Table 2-6 
summarizes the rcsults. 

In Mali, 45 clones wcrc planted at 
Bamako in a farmer's field under the con
trol of AMATEVI, the collaborative in
stitution. Clones were planted in early 
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Table 2-6. Average yield and number of 
tubers/plant of best clones evaluated at four 
locations under farmer's conditions in Bioko Sur, 
Equatorial Guinea, 1989. 

No. of No. of Yield 
Clone plants tubers/plant (g/plant) 
CIP 800946 5 16.6 1,160 
CIP 720084 5 23.6 1,080 
CIP 676025 5 18.0 760 
CIP 382119.20 5 15.0 725 
CIP 678008 5 11.6 700 
CIP 381163.9 5 22.0 670 
CIP 800957 5 7.0 560 
CIP 381378.3 5 8.4 540 
CIP 800950 5 16.2 420 
CIP 676171 5 13.0 360 

January and harvested at 90 days with 
onlyorganicmanureusedasfertilizer(30 
t/ha). Temperatures fluctuated between 
15C and 35.6C during the growing 
season. Table 2-7 shows the yields of the 
highest yielding clones. 

Southeast Asia and the South Pacific. 
Studies in New Caledonia, Thailand, Fiji, 
Tonga, French Polynesia, the Solomon 
Islands, and the Cook Islands assessed 
cultivars from diverse genetic sources for 
yield and other qualities. The cultivars 
Serrana and B71-240.2 continued to give 
superior yields from imported seed and 
from the second-generation crop; they 
also showed excellent virus resistance 
and good storage characteristics. 

The clone 377850.1 was selected in 
Fiji, where it has shown bacterial-wilt 
resistance, along with heat tolerance, and 
good virus resistance and storability. It is 
now being cleaned for distribution to 
other countries, including the Cook Is-
lands and the Solomon Islands. Many 
other promising clones are now in the 

early stages of evaluation. 
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Vietnam. Farmers in the hot lowlands 
of south vietnam did not have suitable 

adapted cultivars for potato production; 
thus evaluations were made of intro
duced potato germplasm. Of 58 clones 
evaluated, B71-240.2, 378597.1, LT-7, 
and 1-1035 showed outstan(,ing perfor
mance on sandy and clay soils; they had 
vigorous plant growth, high tuber yield 
(more than 20 t/ha), and good quality 
(more than tat, qlt20 and 
tubers, early tuber initiation, and well
developed canopy cover. LT-7 also 
showed good tuber storage charac
teristics. These clones were multiplied in 

the highlands to be further tested in the 
lowlands. 

China. From 1987 to 1989, 12 high
yielding cultivars were identified in 
evaluations of more than 200 CIP cul
tivars at 6 experimental sites. The clones 
B71-240.2, Serrana, Baronesa, and LT-4 
consistently outyielded the check cul
tivars, and are considered well adapted 
to the growing conditions of northern 
China. 

Table 2-7. Average yield and number of 
tubers/plantfrombestclonesoutof45evaluated 
at Bamako, Mali, 1989. 

No. of No. of Yield 
Clone plants tubers/plant (g/plant) 

CIP 720087 
CIP 380496.2 

8 
3 

10.0 
10.1 

600 
567 

CIP 377257.1 5 7.8 480 
CIP 379706.34 10 10.7 470 
CIP 720142 5 10.6 460 
CIP 720109 5 18.4 440 
CIP 800827 5 6.6 429 
CIP 800938 5 12.0 360 
CIP 575031 10 20.0 350 
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In a yield trial at Enshi, Hubei pro-
vince in southern China, clones 386221.7, 
386081.3, and 386198.3 outyielded the 
local cultiv-. Mira and are being further 
evaluated. 

Italy. Experiments were conducted to 
eva',ate clones for high levels of starch 
content. Because of severe weather con-
ditions, many tubers showed secondary 
growths and cracking, including tubers of 
the Primura variety that usually perform 
quite well. Some CIP clones performed 

.as well as or better than the localvarieties, 

In evaluations of specific gravity, most 
of the CIP clones performed as well as or 
better than the two local varieties, and 
significantly better than Primura, despite 
the relatively short growing season (110 
days) of the local varieties, 
True Potato Seed 

At San Ramon, Peru, under rainy- and 
dry-season conditions, approximately 
220 clones from 1987 and 1988 TPS 
populations were evaluated for their 
agronomic and reproductive characters. 
A randomized complete block design 
was used with 3 replications and 10plants 
per experimental unit. Some clones with 
excellent agronomic and reproductive 
characters were identified, and will be 
put in the crossing block to assess their 
parental value, 

During the summer, at La Molina, 
Peru a random sample of 20 progenitors
(including advanced heat-tolerant and 
virus-resistant clones) was evaluated in 
two sets usinga North Carolina Design 11 
crossing plan. The 25 progenies 
evaluated in each set were generated by
mating 5 female clones with 5 male 
clones. In general, the progeny yields 

were acceptable, with good tuber unifor
mity and number of selected clones. The 
progenies Y84.003 x LT-7, Y84.010 x 
Katahdin, Y84.010 x 377964.5, and PW
31 x 377964.5 were the best yielders and 
showed good tuber uniformity for potatoproduction from TPS. The heritability es
timates ranged from high to medium for 
plant type, earliness, and tuber unifor
mity, but were low to very low for berry 
set, yield/plant, and selected clones. 
These findings suggest that by using the 
present breeding strategy, further gain 
pen beedincan made in the first g atbe tre furtgroup c-f ain 
tributes. In the second group, however, 
the parents must be selected by progeny 
test and variability can be enhanced by 
introduction of new genetic materials. 

During the winter, at San Ramon, a 
sample of 40 advanced progenies 
segregating for resistance to several 
viruses (PVY and PVX) and other dis
eases was evaluated for heat tolerance, 
yield, and tuber uniformity, using an 
RCB design split into two sets. The 
progeny yields were relatively high, with 
good levels of earliness and a high num
ber of selected clones. The progenies 
Y84.027 x LT-7, C84.705 x YY-9, and 
LT-8 x YY-9 showed high yield, a good 
number of selected clones, and verygood 
tuber uniformity. The progeny Y84.027 x 
3779(4.5 showed excellent tuber unifor
mity and a high number of selected 
clones. The clones Y84.027 and YY-9 
again showed their good parental value
for yield and tuber uniformity. 

Forty-one clones produced by
protoplast fusion were crossed with 
clones 7XY.1, LT-7, and Atzimba. The 
41 clones had previously beer evaluated 
for flower color, pollen germination, pol
len stainability, and pollen shape. In field 
experiments at La Molina and Huan-
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cayo, evaluations were made of the per-
formance of these clones in different 
crosses to examine the segregation for 
"tetrad" type cytoplasmic male sterility 
(CMS) in their progenies. 

Two clones have shown tetrad CMS 
type of pollen, but only one had accept-
able performance for several agronomic 
and reproductive characters. These 
clones transmit the tetrad CMS charac-
,:r to their progenies and thus can be 
,ed as TPS parental lines (Table 2-8). 

More than 3(X) clones from the TPS 
population being developed for parental 
lines and from pathogen-tested clones 
were planted in Huancayo, San Ramon, 
and La Molina. They were evaluated for 
pollen germination, stainability, and 
shape, and were then screened for tetrad 
CMS,pollen. Six of these clones have 
been identified as having tetrad type 
CMS pollen: C386LM8 i-B, C116LM87- 
B, Cl 37LM87-B, 382301.1,382302.2, and 

382291.1. Their parental value will be as
sessed in 1990. 

Evaluation and Utilization of TPS 
Ekpt. A crop using seedling tubers of 

13 progenies (stored from spring to 
spring) was compared with imported 
Alpha seed tubers. The progenies 
385438, 980X1, 38406', and 3840)78 out
yielded Alpha. 

India. New hybrids from ongoing 
breeding cycles for TPS parental-lin, 

selection were planted to gcnerate new 
TPS families, using the test-cross 
method. These families will be evaluated 
in dive.rse agroc!imatic zones in India to 
assess their production potential. 

Indonesia. Farmer-field research hits 
shown that TPS technology may need fur
fhcr improvcmcnt before it can be used 
as 'tviable alternative to the traditional 
production system. Lack of adapted 
progenies, poor sLeling cstablishment, 

Table 2-8. Fourteen families that segregaied for "tetrad" type cytoplasio, male sterility. Evaluation in 
Huancayo and La Molina, Peru, 1989. 

Pollen stainability 
Observed number Expected ratios 

Progeny Fertile Sterile Fertile Sterile 

GAL 1 x 7XY.1 16 13 1 1 
GAL6x 7XY.1 Z3 U 1 0 
GAL45 x 7XY.1 29 0 1 0 
GAL55 x 7XY.1 48 0 1 0 
GAL84 x 7XY.i 37 0 1 0 
GAL74 x 7XY.1 48 0 1 : 0 
Y-245.7 x 7XY.1 0 99 0 : 1 
GAL46 x LT-7 36 0 1 : 0 
GAL55 x LT-7 52 0 1 : 0 
GAL56 x LT-7 42 0 1 : 0 
GAL76 x LT-7 35 0 1 0 
GAL78 x LT-7 40 0 1 0 
G-L55 x Atzimba 26 0 1 0 
GAL79 x Atzimba 40 0 1 0 
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and scant local availability of TPS are 
major constraints to widespread adop-
tion. Research is under way to address 
these problems. 

have been evaluated by Chinese co-
operator sites during the last three years 
with more than 580 TPS hybrids and 400 
OPs evaluated at six institutes. Of these, 
28 hybrids and 11 )Ps were found to be 
promising and arc being evaluated in on-
farm trials. In 1989, 9 superior TPS 
progenies were included in national TPS 
trials at 5 locations throughout the 
country. Since 1 30, 149 TPS hybrids or 
OPs have been introduced from CIP and 
from the U.S.A. 

The results of assessments in various 
environments indicated that the TPS 

progeny 379702.6 xBulk PVYoutyielded 
local cultivars. Other excellent TPS pro
genies were Pirola x AVRDC 1287; 
CFK69.1 x 7XY.1; and 379703.37 x 
7XY.1. The progeny 377964.5 x 7X i(.1yielded as much as .38t/ha - 40 t/ha in N.Yunnan and outyielded the popular cul
tivar Kunmacoa by 32% to 43%.
 

During the past three years, the area 
grown to TPS transplants increased from 
80.5 ha in 1987, to 110 ha in 1988, to 150 
ha in 1989 (in about 20 provinces in 
southwest China, and in Hlumeng and 
Datong in northern China). Improved 
crop management, availability of high 
quality TPS, the establishment of TPS 
collection and distribution procedures, 
and CIP help in staff training have con
tributed to this increase. 

Maintenance, Multiplication, and Distribution of
 
Pathogen-tested Materials 
During 1989, CIP distributed genetic 
materials to collaborators in 88 NARS, as 
shown in Table 2-9. Increases arc shown 
in shipments of in vitro plantlels, tuber 
families, true seed families, and TPS. The 
pathogen-tested list now includes 245 ad
vanced cultivars and varieties, plus 35 in 
the clean-up process, and 172 accessions 
from native and wild germplasi, plus 56 
in the clean-up process. Six sweet potato 
cultivars arc now on the pathogen-tested 
list and 62 are in the clean-up process. 

The TPS production begun in 1988 at 
La Molina and Huancayo, Peru has 
produced 0.764 kg of approved hybrids, 
In addition, 2.6 kg of several hybrids were 
produced using new and old parents. 
These progenies will be evaluated at 
three locations in Peru, and the best per-
formers will be evaluated in the regional 

network. The objective is to identify the 
very best for large-scale production in 
Chile. TPS prod Jction in Chile has had 
difficulties with flowering, and produc
tion of usable seed was only 3.05 kg. 

Advanced potato materials were dis
tributed to 13 Southeast Asian countries 
from CIP's Regional C;crmplasm and 
Training Center, CIP-Lima and PRI 
Australia. Gcrmplasni was distributed in 
the form of tuber families, tubcrlcts, in 
vitro plantlets, and TPS. The clones B
71.240.2, 1-1025, Serrana, and CFK 69.1 
continue to be the best adapted to many 
countries in Region VII (Thailand, Viet
nam, and South Pacific countries). The 
clones LT-7, 378711.7, 379693.110, and 
378597.1 were also outstanding in 
Thailand, Vietnam, and the Philippines. 
The clones MS 82.60, Fl, and 13 were 
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Table 2-9. Distribution of all CIP germplasm to NARS and Regions, 1989. 

In vitro Tuber TPS TPS 
Clones Invitro plantlets tuberlets family progeny 

Region Units Accs Units Accs Units Accs Units 

1(10) 
11(15) 
III(14) 
IV (5) 
V (11) 
VI (8) 
VII (8) 
ViII (1) 
Other (16) 

3669 
3624 
3788 

230 
4196 
1380 
3765 

0 
286 

411 
520 
447 
23 
593 
37 
, 
0 

55 

662 
133 

626 
0 
0 

387 
74 
94 

542 

242 
61 

288 
0 
0 

160 
37 

47 
241 

720 
0 

300 
0 
0 
0 
0 

0 
0 

10 
0 
3 
0 
0 
0 
0 
0 
0 

11245 
3717 
5092 
5617 
8792 

0 
6966 

0 
0 

Total(70) 20938 2313 2518 1076 1020 13 41429 

Accs Units 

284 226161 
229 20200 
392 81100 
92 16200 
109 5600 

0 0 
31 52500 
0 50940 
0 89457 

Accs Units Accs 

62 333000 222 
101 219000 43 
426 259000 191 

81 3664200 28 
28 347600 33 
0 5678800 88 

297 1346500 80 
138 16000 8 
372 47000 21 

1437 542158 2065 11911100 714
 

The numbers inparenthesis indicate the number of countries within each region, and for "other' the 
number of developed countries to which shipments were made, 

promising in Papua New Guinea, the lat-
ter two having frost resistance and good 
adaptation to the country's highlands. In 
Fiji, the clone 377850.1 (BR 63.74 x 
DTO-28) was selected because of its 

resistance to bacterial wilt and viruses 
and because of its heat tolerance, and 
good tuber stability. It is now being 
cleaned for distribution to other 
countries. 

Sweet Potato Population Development
 
Selection Site Development 

CIP's Ipoeoea batatas germplasmpcol 
lection represents a largely untapped 
genetic resource of great potential value 
for improving the world's sweet potato 
crop. CIP research continues to eval-
uaepad selectacionus from te 
germplasm collection for use by NARS, 

either as clones or progenitors in breed-

pianning conference, workshops, and in
depth studies. Priorities include earli
ness, tolerance to biotic and abiotic 
stresses permitting high and stable yields, 
and root-quality factors, particularly high 
dry-matter content. The field evaluation 
of reactions to biotic and abiotic stresses 
isdone at sites in Peru where the stresses 
ocr tTca(ntecat otko 
nerAt are the ciasts and 

ing ork.CIPs poplanematodes are the principal pests, andswet ptating work. CIP's sweet potato popula- do 

tions continue to be assembled and 
improved using local germplasm acces-
sions, as well as imported elite germ-
plasm. 

Germplasm evaluation and breeding 
work emphasizes characteristics iden-
tified through various priority-setting ac-
tivities for the NARS, incl.ding a 
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drought, saline soils, and cool winter 
temperatures are the principal abiotic 
stresses. At Yurimaguas (in the Amazon 
basin) heat, excess moisture, and acidic 
and infertile soils are the principal 
abiotic stresses. La Molina and San 
Ramon provide more favorable sites on 
the coast and in the high jungle, for 
evaluation of the yield potential of 



materials selected at the two high-stress potential usefulness of the Peruvian 
locations. germplasm, as well as of the Peruvian 

The varying levels of stress among 
these sites are reflected in the differences 
in fresh-root yields and root dry-matter 
contents of clones evaluated at Yuri-
maguas, San Ramon, La Molina, and 
Tacna. The raean yields of the La Molina 
and San Ra.aion trials were significantly 
higher than those of Tacna and Yuri-
maguas. The mean dry-matter contLnt at 
Tacna was significantly lower than at the 
other three 5ites, possibly due to the low 
winter temperatures, or to the high 
salinity of the soils the -. The conditions 
found at Tacna may prove to be useful for 
the identification of clones with high, 
stable dry-matter content. 

Table 2-10 shows the foreign sweet 
potato populations introduced as seed in 
1989. The majority of these introductions 
are advanced breeding materials and are 
thus potentially valuable sources for 
CIP's sweet potato breeding work. These 
seed introductions will be compared with 
the Peruvian germplasm at the various 
selection sites in Peru for earliness, adap-
tation, and reactions to biotic and abiotic 
stresses of importance toNARS. Results 
of these comparisons will indicate the 

selection sites. Foreign and Peruvian
germplasm will be used in the assembly 
of CIP's improved populations. Also, 
crosses of Peruvian materials possessing 
desirable characteristics with foreign in
troductions from specific countries may 
be used for the rapid export of partially 
adapted sources of new variation to the 
countries of origin. 

Breeding work continues at the 
Regional Germplasm and Training Cen
ter (RGTC) in tht; Philippines, where 
selected progenies obtained from 
polycross and controlled hybridization 
were evaluated and the best clones were 
selected for further evaluation. A ran
dom set of progenies, which is a repre
sentative sample of thie CIP breeding 
germplasm collection, is being evaluated 
for important root traits in genetic cx
periments. Results from these exp.'ri
ments will provide the basis for breet,.ng 
work with local gcrmplasm in the Pi" 'p
pines. 

in other work at RGTC, research was 
initiated to identify parental clones. Over 
40 potential parents having profuse 
flowering, high seed-set earliness, high 

Table 2-10. Sweet potato seed received from outside of Peru for use in breeding work at CIP 
headquarters, 1989. 

Source 
Country Institute 

China Xuzhou Inst. of SP. Xuzhou 
USA USDA Veg. Iles. Lab., S. Carolina 
Vietnam Food Crops Res. Inst., Haihung 
Japan Kyushu Ag. Exp. Stn., Ibusuki 
Puerto Rico USDA, Mayaguez 
Nigeria IITA 
Taiwan AVRDC 

Multi-family bulks from crossing blocks. 

No. of No. of 
families seed 

22 220 
11a 35,000 
3 300 

20 4,412 
28 918 
8 26,826 

22 5,500 
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dry-matter content, and high yield were 
identified and will be evaluated for their 
parental value. Potential parents were 
selected from among 200 clones that 
showed dry matter levels exceeding 35%. 

Evaluation and Utilization of 
Advance-) Genetic Material 

Paraguay. In collaboration with SEAG 
and IAN, local varieties were collected 
during 1987 and 1988. These are main-
tained at the IAN station at Caacup6. 
Accessions have been classified by mor
phological descriptors, and they are now 
be;ng transferred to in vi ro. Six of the 
highest-yielding varieties have been mul-
tiplied and are being evaluated in on-
farm trials, with farmers participating in 
the evaluations. Collection is continuing 
and materials from CIP arc being intro-
duced. On-farm evaluations will also 
continue and promising materials will be 
multiplied for distribution to interested 
local institutions, 

Pent. In collaboration with INIAA, an 
ongoing series of on-farm variety trials 
has been established with farmers in the 
Cafiete Valley, Peru's major sweet 
potato-producing area. The objectives of 
this work are 1) to identify selection 
criteria used by farmers at Cafiete, and 2) 
to develop methods for including 
farmers' evaluations of germplasm that 
might be useful to other NARS' varictal 
selection programs. During 1990, this 
work, as well as the on-station trials, is 
being done at other sites in Peru. 

Cameroon. CP has begun sweet 
potato work for Cameroon and several 
other African countries with the transfer 
of the elite clones from the former 
IRA/IITA project to an IRA/CIP 
project. Two oi these clones, Tib I and 
Tis 1112, have -'!ready been released as 
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varieties in Cameroon under an 
IRA/IITA project, and multiplication of 
the varieties is continuing under an 
IRA/IITA/GATSBY project. 

Additionally, 1,000 sweet potato seeds 
(10 families) were introduced to 
Cameroon from North Carolina State 

University and these have been sown and 
are undergoing evaluation at mid-eleva
tion sites at Mfonta (1,350 m)and Babun
g (1,175 i). 

East and southen Africa. CIP sweet 
potato breeding work in east Africa is 
being developed in collaboration with 
NARS scientists, both directly and in 
participation with the ESARRN network 
established by IITA. Emphasis is on a 
multidisciplin try approach, using the 
farmer-back-t )-farmer model, baseline 
surveys, and tie evaluation of the locally 
available germplasm. Collection work is 
under way in Kenya, Tanzania, Ethiopia, 
and Uganda to evaluate the local 
gcrmplasm for yield, resistanczes to pests 
and diseases, and other desirable charac
teristics. Collaborative work with other 
countries in this region is expected to 
begin during 1990. 

India. Collaborative sweet potato 
brccding work with the CTCRI was in
itiated during 1989. The breeding work 
will be guidcd by the findings of ongoing 
socioeconomic studies The first stage of 
breeding work has focused on the 
hybridization of advanced clones from 
the CTCRI program. Work during 1990 
will focus on the evaluation of materials 
from the hybridizations, for earliness, 
yields, and consumer acceptance. 
Selected materials will enter the All-
India variety trials network, and will also 
be distributed for international testing. 



The Philippines. CIP's breeding and 
germplasm distribution work in the 
Philippines is conducted in collaboration 
with the NARS 
VISCA) as well 
During 1989, work 
develop improved 
plasm for the warm 

(NPRCRTC and 
as independently. 
was carried out to 

sweet potato germ-
and cool tropics of 

Southeast Asia. This involved extensive 
collection of germplasm from both the 
lowlands and the highlands, including 
243 accessions collected from the 
lowlands in Luzon, that are maiptained at 
Canlubang and Santa Lucia; and 552 
highland accessions, collected in Ban-
guet, Mt. Province, lfugao, and Nueva 
Vizcaya that are maintained at 
NPRCRTC, Bengu,, along with germ-
plasm from VISCA and the BPI Econo-
mic Garden. 

Tn , recently collected germplasm has 
beei characterized for key morphologi
cal desLriptors, and is being evaluated for 
yield, earliness, and dry-matter content 
in the highlands, and in the lowlands 
under dry- and rainy-season conditions. 
Preliminary laboratory and field evalua
tions for resistance to weevil (Cyclasfor
inicarius)have shown promising results. 

Distribution 

Table 2-11 shows clonal germplasm dis
tributed to national programs from CIP 
headquarters, from North Carolina State 
University (under the auspices of a re
search contract), and from the CIP 
Regional Germplasm Redistribution 
Center in the Philippines. 

Table 2-11. Distribution of sweet potato germplasm to NARS and CIP regional programs during 1989. 

Recipient Number of in vitro clon ,s distributed from: 
country CIP-Headquarters CIP Region VII NCSLJ Seed from NCSU a 

Cameroon 
Egypt 6 
Bangladesh 
China 
India 6 
Indonesia 
Korea 
Malaysia 
Philippines 

CIP Region VII 6 
V;SCA 
IPB 


Vietnam 
Bahamas 
Barbados 
Dominican Republic 
Paraguay 6 
Italy 

a Total number of seed/number of half-sib families. 

1,000/10 
10 1,000/10 
7 

15 

12 
23 
23 14 

15 
23 18 
16 
24 

5 
13 
13 

15 
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Thrust III
 

Contrf l of Bacterial and Fungal Diseases 

Thrust Profile: 1990 
Bacteria and fungi cause diseases that limit production of potatoes and sweetpotatoes in developing countries. Thrust III research helps farmers control diseases
in the i1 lJd, as well as during the storage of seed, and the shipping, marketing, and 
storage of farmers' produce. CIP collaborates with NARS and private industry to
develop durable resistance to diseases and to adapt and promote integrated control 
practices that take advantage of these resistances. 

Recent achievements included a new population developed specifically to reduce
frequency of latent infection and to incorporate resistance to late blight. This popula
tion also has good quality and yield and therefore has been selected for use in several
countries. A more precise and severe screening method has been developed toenhance levels of resistance. This method uses true potato seeds, cuttings, and mini
tubers, where established roods are immersed in the inoculum suspension. 

Innovative taxonomic studies were made using biochemical tests in multiple
welled microtiter plates, which resulted in the subdivision of Biovar 2 of Pseudoinonas
solanaceanun into two distinct phenotypes related to their geographic distribution. 
This finding helps in developing a vell-focused breeding strategy. 

Progress in integrated control through choice of rotation crops was reported in 
Burundi, Peru, and the Philippines. 

Studies of alternative screening methods were made to better support breeding ofresistance to Envizia soft rot and blackleg. The screening for blackleg, which consists 
of placing cuttings in infested perlite, is a new method that permits the selection of
several resistant genotypes. A low but useful correlation was found between vacuuminfiltration and injection of potato tubers. The research showed a synergistic interac
tion of Envinia carotovora subsp. carotovora and two Fusariuln spp. inoculated to
tubers, indicating the need to consider a breeding strategy that will take both diseases 
into account simultaneously. 

In the late blight selection program, 166 new selections were made through
screening at Rionegro and Toluca. A total of 39 clones were selected after being tested 
a second time, and were added to the International Late Blight Resistance Trial
collecti n (now 170 clones), which is available to NARS for testing. Selection
methodology was improved at Rionegro by using sprinkler irrigation to control 
humidity. 
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Progenies with early-blight resistance combined with earliness were selected in the 
field at San Ramon; similar progenies showed resistance in Israel. These findings 
indicate the potential for controlling this disease through selection for resistance. 

A survey of sweet potato diseases continued in Peru and, at La Molina, screening 
for tuberous roof resistance was begun for Java black rot and Fusarium root rot. At 
San Ramon, foot rot and soft rot were found to cause severe losses in storage. 
Chlorotic leaf distortion was shown to be caused by the fungus Fusariutmlateritium. 

Potato Diseases 
Control or Bacterial and Fungal
Diseases - Bacterial Wilt 

Breeding for resistance. Research at 
CIP and in collaboration with NARS in 
several Oleveloping countries, continued 
to concentrate on the selection of tetra-
ploid populations with resistance to Pseu-
dolnonas solanaceanun inherited from 
cultivated diploid Solanum spp. (see An-
nual Reports 1984-1989). Major efforts 
have been directed to the testing and 
development of potentially useful breed-
ing materials in a variety of locations, 

No. of selected genotypes 
1200 

1000 

800 

600 

400 

0 
1.1-1.5 1.6-2.0 2.0-2.5 

both within Peru and worldwide, thus 
intensifyingthe selection for resistance to 

localized strains of P. solanaceanun. 
A new population was produced from 

a series of crosses between the best BW
resistant clones and a late-blight resistant 
population (including some clones that 
were free from R-genes). Initial selec
tions were for adaptation and agronomic 
quality under BW-frce conditions in 
Huancayo and La Molina. Figure 3-1 
shows the wide range of materials 
selected for acceptable yield potential. A 

2.6-3.0 3.1-3.5 3.6-4.0 
Yield (kg/plant) 

Figure 3-1. Yield range of genotypes selected in Huancayo and La Molina, Peru 
from new populations produced by rossing bacterial wilt and late, blight-resistant 
progenitors. 
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highly advanced population, represent-
ing the entire genetic basis of BW-resist-
ant progenitors, was multiplied in 
Huancayo, and almost all showed accept-
able agronomic characteristics andyields
within the range of 1 kg to 2.5 kg per
plant. 

At San Ramon, in tests in farmers' 
fields that were naturally infested with 
race 1 of P.solanaceantin,early-yielding 
clones with apparent field resistance to 
BW were selected after 90 days under 
warm humid conditions (Table 3-1). 
Four of these clones showed no latent 
infection at harvest. In associated studies 
with the Peruvian National Potato Pro-
gram (INIAA), similar materials were 
tested at Carhuaz, Ancash Department 
(2,810 m), in a farmer's field that was 
naturally infested with race 3 of P.sola-
naceanum. After harvest, 11 of the 
selected clones were found to be free 
from latent infection. In the same field, in 

segregating material. from 10 true-seed 
families with the same genetic back
ground, the frequency of resistant 
genotypes detected was similar to that of 
ihe clonal materials (Table 3-1). Of the 
selected clones, 39 were found to be free 
from latent infection at harvest. 

In collaboration with the Philippine 
Department of Agriculture, segregating 
materials were evaluated for adaptation 
and agronomic quality under low BW 
inoculum pressure at Intawls, Mindanao 
(1,200 m). Evaluated materials included 
second (26 clones) and third (27 clones) 
generations of materials developed lo
cally from crosses between progenitors 
with superior BW resistance and local 
adaptation. For future evaluation, 89 
clones were selected from 8 tuber 
families, and 10 progenies were selected 
from 52 seedling-tuber families pro
duccd from locally adapted and BW
resistant progenitors. 

Table 3-1. Selection for resistance to bacterial wiltand agronomic quality under infested field
conditions inPeru, the Philippines, China, and Brazil. 

Percentage 

Test site Material tested 

San Ramon, Peru 250 adv.a clones 
San Ramon, Peru 401 adv. clones 
Carhuaz, Peru 355 adv. clones 
Carhuaz, Peru 10 TPS families 
Intavas, Mindanao, 26 adv. clones 

Philippines (BWresistant)
Intavas, Minlanao, 27 adv. clones 

Philippines (RKN resistant)
Penxian, China 21 adv. clones 
Beijing, China 14 adv. clones 
Beijing, China 20 adv. clones 
Enshi, China 394 national cultivars 
Brasilia, Brazil 43 adv. clones 

aAdvanced.
 

na = Data not available. 

genotypes 
selected 

19 
12 
12 
9 

11 

15 

33 
29 
30 
7 
0
 

Yield range of 
selected genotypes 

0.4-1.2 kg/plant 
0.4-1.0 kg/plant 
1.0-1.3 kg/p ant 
1.0-2.3 kg/plant 
14.3-19.3 ia 

9.2-20.0 tha 

na 
na 
na 
na 
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At the Lembang Horticultural Re-
search Institute (LEHRI) at Tangkubon 
Prahu in Indonesia, in pre-selection 
among 15,400 genotypes from 93 
progenies, under BW-free conditions, 
837 clones were identified as having ac-
ceptable agronomic characteristics and 
late-blight resistance. The BW resistance 
of the selected materials is to be studied 
in infested fields in West Java, where 
surveys show that all fields are infested 
and that 50% of the crop isinfected after 
4 multiplication cycles from originally 
discase-free seed. 

At the Institute of Plant Protection -
CAAS (IPP-CAAS), Beijing, China, 2(X) 
BW-resistant genotypes with good 
agronomic quality were selected from the 
progenies of crosses among the resistant 
clones 800928 (MS-42.3), 800935 (MS-
IC.2), 377852.2, 381064.8, 800938 
(AVRDC-1287.19), and locally adapted 
varieties. Three cooperating national in-
stitutions (The Southern China Potato 
Center, Bashang Agricultural Institute 
(BAI), and I-laihua District Agricultural 
Institute) have now initiated breeding 
programs using BW-resistant gcrmplasm 
distributed from CIP. An additional 17 
combinations between the 5 resistant 
clones and locally adapted cultivars were 
made at IPP-CAAS in cooperation with 
BAI. Of 84 true-seed progenies intro-
duced from CIP, 100 clones of 61 tuberfamilies were selected for agronomic 
quality at BAI and the Upland Crop In-
stitute, Shanxi Province. In tests of ad-

terial distributed from CIP is also being 
pre-selected for agronomic suitability 
prior to field screening for BW resist
ance. Pre-selection involves two phases: 
phase 1,in which individual genotypes 
are cloned in the screenhouse, and phase 
11,
in which clones are selected according 
to their agronomic characteristics in the 
absence of BW. Selected clones are then 
planted in a field infested with race I of 
P.solanaceanim to determine their re
sistance during phase 111. During the past 
year, phase I included 54 true-seed 
families from 3 diffcrent CIP breeding 
programs; phase I! included 39 seedling
tuber families, and phase IIlincluded 43 
selected co des. In testing of the selected 
clones, the incidcncc ofBW ranged from 
53% to 89%, confirming observations 
from previous years that resistance in 
these materials is unsuitable for condi
tions in Brasilia. 

Proceusreedforscreenirg.Because sue
cessful breeding recquirs efficient me
thods to select the gW-resistant 
individuals from segregating popula
tions, the uniformity and reproducibility 
of various screening techniques were 
evaluated in the greenhouse using sus
ccptiblc potato cultivars Yungay and 
Ticahuasi. The most uniform results were 
obtained when rooted test cuttings 
(growing in rchydratcd Jiffy-7 peat pel
lets) were immersed for 10 seconds in a 
suspension containing 5 x 107 c.f.u. per
ml. When this method was compared 
with a standard inoculation method instiute ShnxiProine.n tstsof d-which the soil mixture was drenched 

vanccd clonal materials for resistance to 
BW at infested nurseries at Enshi, 
Penxian and Beijing, further selections 
were made of advanced CIP-distributed 
materials and national cultivars (Table 3-1). 

Throuigh contract research at CNPH-
EMBRAPA, Brazil, segregating ma-
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with 10 ml of inoculum per plant, the 
finding for the immersion method 
showed 0% of the plants escaping infec
tion, whereas 43% escaped infection 
when drenched. The rate of disease 
development and the uniformity of the 
results increased when roots were 
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wounded prior to inoculation by cutting 
with a scalpel. The immersion method 
also provides a mass screening techni-
que, which allows evaluation of many 
genotypes in half the time required by 
earlier methods. 

In Peru, further studies were made of 
the reliability of seedling screenilig tech-
niques in the greenhouse and field, using 
10 segregating TPS progenies from cros-
ses between parents that have BW resis-
tance and are adapted to the warm 
tropics. Using the soil-drench method, 
significant correlations were found be-
tween wilt incidences during repeated 
screenhouse tests in Lima with Biovar 
(3v) 2, race 3 of P. solanaceanun (r = 
0:14, P<.01), and at San Ramon with 
Bv 1, race I (r =0.323, P <.05). flow-
ever, due to the differences in pathogen 
race and environmental conditions, re-
sults were not correlated between the two 
locations. Similarly, no correlation was 
shown in wilt incidences, when the same 
families were transplanted to infested 
fields in San Ramon (Bv race 1), Car-
huaz (Bv 2, race 3), or Bukidlon, Philip-
pines (By 3, race 1). 

Taxonomy of Pseudomonas solana
cearum. As indicated above, the varia
bility of P.solanaceann,as well as that 
of the potato host, must be considered 
when breeding for resistance to BW. 
Hence, an international collaborative re
search program, involving CIP and 
NARS from developing and developed 
countries, has begun to improve the iden
tification and classification procedures 
for strains of P.solanaceaninand to map 
their distribution worldwide. At CIP 
headquarters, avisitiagscientistfromthe 
University of Queensland, Australia, in 
association with CIP scientists, devel
oped a method to characterize strains of 
the bacterium using a series of biochemi
cal tests, many of which were conducted 
efficiently in microtiter plates. The test 
findings allowed the differentiation of 
327 isolates of P. solanaceanit (repre
senting 5 Bvs from the CIP world collec
tion) into three groups, on the basis of 
nitrate metabolism (Table 3-2). Ap
parently, the separation of 138 By 2 iso
lates of P. solanaceanun into 2 distinct 
phenotypes according to their metabolic 
activity was also associated with their 
geographic distribution (Table 3-3). 

Table 3-2. Reduction of nitrate to nitrite and ,roduction of gas from nitrate by different biovars of
Pseudomonas solanacearum. 

Biovar 
No. strains tested-

Reduction of nitrite 
from nitratea 

Profuse gas production 
from nitrate 

Trace gas production 
from nitrate 

1 
79 

2 
160 

3 
58 

4 
29 

5 
1 

98 153 58 28 1 
(99) b (96) (100) (97) (100) 

0 1 57 28 1 
(0) (1) (98) (97) (100) 
5 4 0 0 0 

(6) (2) (0) (0) (0) 
aNitrite detected by the starch-iodide method.
 
bData in parenthesis indicate percentage of isolates per biovar shoNing positive reaction.
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Table 3-3. Differentiation of 138 isolates of Pseudomonas solanacearum Bv 2 into two phenotypes 
on the basis of differences in metabolic activity (data are shown as percentage of positives). 

Phenotype A' Phenotype Bb 

(19 isolates) (119 isolates) 

Acid from ribose 100 0
 
Acid from trehalose 100 4
 
Utilization of L-tryptophane 100 0
 
Utilization of L (+) tartrate 95 


' Isolates from warm climates (including 7 from Yurimaguas, Peru; 3 from La Chincana, San Ramon,
 
Peru; and 9 from Brazil).
 
b Isolates from 28 countries: Argentina, Australia, Brazil. Burundi, Chile, China, Colombia, Costa
 
Rica, Egypt, Greece, India, Indonesia, Iran, Israel, Knya, Malaysia, Mexico, Nepal, Nigeria,

Panama, Peru, the Philippines, Puerto Rico, Rwanda, Sri Lanka, Sweden, Uruguay, and Venezuela.
 

At IPP-CAAS, in Beijing, China, incidenceofBW. Integratedcontrolstra
monoclonal antibodies against P. solana- tcgies are needed by farmers to reduce 
ceanin have been produced by im- losses in the field. Such control measures 
munizing BALB/c mice with are also required to complement the 
glycoprotein extracts from potato strains levels of bacterial wilt (BW) resistance in 
Po4l (race.3) and Pol (race 1). Five sub- newly developed potato cultivars that are 
cloned hybridoma-ccll lines stably not completely resistant in adverse, high
secreted monoclonal antibodies that temperature environments or under 
were specific to P. solanaceann, but not heavy inoculum pressure. 
to the bacteria that cause ring rot or soft In collaboration with the Department 
rot. Antibodies from one cell line (HPS3) nPlabProtection of ISABU, Burundi a 
were specific to all strains of P. solawa- surveynt Pro te t h o cc ur n a 
ceantin tested and were successfully used sin an ELISA test to detect BW infection in farmers' fields provided valuable find

of potato plants and tubers. In rcsporse ings for helping to develop integrated 

to wide demand, furlhcr research will control strategies. Wilt incidence was 

emphasize thle development of this tech- shown to be affected by tie previous rota

nicue to produce a reliable and inexpen- tion, with the lowest levels occurring after 
cassava (durng the September to 

sive method to detcct latent infection in 
potato seed tubers. Less specific mono- January season)season.and after banana, BW-tolerantduringthle following The 

clonal antibodies are being used to group variety Ndinamagara (CIP germplasm 

distinct strains of P. solanaceannt. acesi No. 7218 occupid7 o 

Meanwhile, at CIP headquarters, 3 new accession No. 720118) occupied 77% of 

the total land planlcd with potato and, onpolyclonal antisera were produced (one 
average, wilted less than did otheragainst race 1and two against race 3) and avrge. w ve cs incid alsotheir specificity is now being evaluated, varieties. However, BW incidence also 
was notably low in susceptible varieties 

Integratcdcontrolofbacterialwt. Col- such as Muziranzara, when the seed had 
laborative research between CIP and been obtained from the ISABU seed 
NARS continues to focus on the selcc- farm and a 2-year crop rotation had been 
tion of cropping systems that reduce the practiced. Increased extension efforts 
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have successfully prevented the planting 
of potato is a ,,;'noculture; however, 
volunteer petato plants were recognized 
as a major source of P. solanaceanun in 
the field. 

Results from a 3-ycar study of crop-
ping systems in Bukidnon, Philippines, 
conducted in cooperation with the 
Philippine Department of Agriculture, 
also showed the effect of crop rotation on 
BW incidence in 3 locations over 6 
season. The inoculum potential of P. 
solaaceanun (race 1) in the soilhighst flloing ropandwaspotto 
highest following a potato crop, and 
lowest following maize, although the
potential remained sufficiently high to 
cause disease in all cases. Rotation with 
maize or beans reduced BW incidence 
and increased yield in a subsequent 
potato crop, whereas potato monocul-tureinceasdnd iclwlt edued 
ture increased wilt and reduced yield.
The incidence of BW was not influenced 
by the slope of the land or by terracin. r 
contour-cropping. 

In San Ramon, Peru, studies of potcn-
tial components for integrated control of 
P. solanaccanan (race 1) showed that 
BW incidence (in field-grown tonatocs) 
increased following rotation with cowpca 
or beans, whereas incidence decreased 
followipg maize or a herbicide-treated 
fallow. These incidences wcrc correlated 
with the level of root-knot nLmatode 
damage (r = 0.75, P <.)5). A dircct cf-
feet of the herbicide mctribuzin on soil-
borne populations of P.solanaceanun 
was demonstrated in the screcnhousc. 
When field soil in pots had been pre-
viously inoculated with a suspension of 
the bacterium (containing 10 viable cells 
per nil), an application rate equivalent to 
4.8 I/ha was sufficient to reduce the bac-
terial population to <.tl. Both pro- and 
post-emergence applications of this 

product in potato crops effectively 
controlled weed hosts of both P. solana
ceanun and Afeloido*,:e spp. Soil amend
ments also retarded the development of 
1W. In screenhouse tests, BW incidence 
in potato seedlings was reduced from97% at 90 days after sowing, to only
10.7%, when the inoculated soI was pre
viously amended with calcium oxide 
(0.5% by weight); to 2.7% when ame:nded 
with urea (0.1% by weight); and to 0% 
when amended with a mixture of the two. 
Field soil amendment with calcium oxide 
(2 t/ha), urea (2(0) kg N/ha) and con
posted sugar cane bagasse (10 t/ha), also
retarded the development of BW in thefield (Fig. 3-2). Previous rotation with 
Crotalaria spectabilis or Tagetes crecta 
resulted in increased wilt in the sub

sIqucnt potato crops, because eventh(ough the crops reduced root-knot 
nematode incidence, they tended to in
crease the inoculum potential ofP. solanaccanon. At San Ramon, in race 
I-infested soils, tests evaluated the rela

tivc resistance of adapted potato cul
tivars. A substantial sitc-specific 
variability was observed (Fig. 3-3), and 2 
cultivars (Yungay and Mariva) per
formed much the same as the resistant 
check clone BR-9.84. 

Implementation of he above in
tcgrated control measures to comple
ment the performance of tolerant 
cultivars can provide low-cost control of 
BW for immediate improvement of con
sumcr pota.,) production by small 
farmers in developing countries. In Peru, 
the effect of integrating the various con
trol components has been studied in San 
Ramon, and, in association with INIAA, 
in Carhuaz. Results show a substantial 
decrease in BW incidence, with an as
sociatcd increase in final yield most 
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Crotolaria Weeded-fallow 

Previous cropping 
Soil amendment = Bagasse (10 t/ha) + CaO (2 t/ha) + Urea (200 kg N/ha) 

Figure 3-2. Effect of soil amendment and previous cropping practices on bacterial 
wilt incidence Ina Pseudomonissolanacearum (race 1)infostbi field inSan Ramon, 
Peru. 

Cultivar
 
800258 (K.Jyoti)
 

377258.1 (LT-2)
 
720045 (Atzimba)
 
720087 (S6rrana)
 
800174 (DTO-33)
 

575003 (1-931)
 
72008a (B71-240.2) 
720050 (CGN-69.1) 
720084 (CFK-69.1) 

377957.5 (LT-5) 
720044 (Rosita) LSD (0.05) 

379706.27 (LT-8)
 
377257.1 (LT-1)
 
720025 (Mariva)
 
720064 (Yungay)
 

800 _i6(BR 69.84) ____-._-._--..--_______I 

0 20 40 60 80 100 
% Bacterial wilt 

Figure 3-3. Relative resistance to Pseudomonas solanacearum (race 1)inadapted 
potato cultivars under field conditions inSan Ramon, Peru. 

noted in cultivars adapted to the warm composted bagasse (10 t/ha), CaO 
growing conditions. In San Ramon the (5 t/ha) and urea (200 kg/ha), and the use 
combined effects of crop rotation with of adapted potato cultivars, were com
maize, pre-emergence herbicide applica- pared with the effects on a non-treated 
tion (metribuziun), soil amendment with control, under highly-infested field con
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ditions. Further studies are planned in 
cooperation with INIAA in Cajamarca, 
Peru, with LEHRI in Indonesia, and with 
a CIP pathologist recently stationed in 
Kenya. 

Soft Rot and Blackleg 

Selection for resistance. Inbrecding work 
for resistance to Erwinias, there have 
been few reliable screening methods to 
identify resistant and susceptible 
genotypes, particularly among popula-
tions at the early stages of develo'nment. 
Thus, 2 methods were compared during 
the evaluation of 2 populations (A and 
B). Tubers of 1,368 genotypes were in-
oculatf;d with Envinia c,,ryseztheni 
(Echr) by 1)vacuum infiltration with an 
aqueotis suspension containing 106 c.f.u. 
per nil, and 2) injection of 0.05 ml of a 
suspcnsion containing 105 c.f.u. per ml. 
5 mm deep, avciding lenticcls. In both 
methods, he tubers were incubated under 
anaerobic conditions at 26C. Population
A (approximately 30% of the genotypes 
tested) consisted of selections of proge-
nies of cultivars of Solanutn tuberosion 
ssp. andige'na that showed resistance to 
soft rot. Population B contained sclcc-
lions of progenies from crosses among 
tropically adapted clones (mainly ssp.
tuberosuin). In population A, 4% were 
resistant (R) and 25% moderately resist-
ant (MR) to inoculation by injcction, 
whereas when inoculated by vacuum in
filtration, the percentages were 10% R 
and 27% MR. In population B,after in-
jection, selection percentageswere 2% R 
and 18% MR; whereas they were 1%R 
and 4% MR after infiltration. Corrcla-
tion between the results from the 2 
methods was low (r = 0.14), however, 
26% of the resistant (R + MR) geno-
types were selected by both methods, 

Population B had been previously 
selected from 96 hybrid families after 
seedling screening for blackleg resis
tance usiag a method in which TPS 
families were sown in sterilized compost 
and grown for 21 days. Apical cuttings 
were made, and then treated with ronting 
hormone. These cuttings were planted in 
trays containing sterilized [erlite in 
whichasuspensicnofEchr(10 c.f.u.per 
ml) had been evenly distributed. Typical 
blackleg symptoms did not develop in 
47% of these cuttings, which were 
transplanted to the field, where addition
al selection reduced the population to 
10% of the original. Eleven genotypes 
did not develop blackleg after 3 re
inoculations, using 5 cuttings per 
genotype per test. Five of these geno
types produced tubers that were modera
tely resistant to soft rot after inoculation 
by injection. 

Over 3() pathogen-tested cultivars 
have been tested in preliminary selec
tions for resistance to blackleg and softrot caused by Echr, using the vacuum 
infiltration method (CIP Annual Report 
1988). Nine primitive cultivars dem
onstrated high levels of both stem and 
tuber resistance (Table 3-4), of which 5 
were S. stenzotonium, 2 were S.chaucha, 
and 2 were S.phureja and S.goniocalyx. 
The incidences of blackleg and soft rot 
during testing of these clones were highly 
correlated (r = 0).72, 1)< .01). 

Interactin with Fusarium.To improve 
understanding of the interactions be
tween potato seed storage pathogens, 
which account for serious production 
damage on a worldwide scale, the inter
action between Erwinia carotovora ssp. 
carotovora (Ecc), Fusariutm o.xysponin, 
and F. solan:i was studied by a student at 
the Agrarian University, in Lima. Four 
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Table 3-4. Potential resistance to potato blackleg and soft rot in primitive cultivars from the CIP 
pathogen-tested collection. 

CIP No. Cultivar 

700318 SS-135 
702547 Espafiol Fapa 
703244 Zapallo 
703279 Unknown 
703299 Papa Pifia 
701088 Juana Blanca 
703151 Seforita 
70332-1 Yana Ppuna 
703197 Yana Sucre 

Checks
 
800034 Pentland Crown 
800085 Ultimus 
800048 DIsir6e 
800959 Granrla 

Duncan (P< 0.05).
 
a STN = Solanum stenotomum; GON 


TBR = S. tuberosum ssp. tuberosum. 

Solanum Tubers rotting Blackleg plants 
ep." per sample of 5 per sample of 10 

STN 0.0 c 0.7 cd 
STN 0.3 c 0.3 d 
GON 0.3 c 1.3 cd 
PHU 0.3 c 1.3 cd 
CHA 0.3 c 1.7 bcd 
CHA 0.7 c 0.0 d 
STN 0.7 c .0 cd 
STN 0.7 c 1.0 cd 
STN 1.0 c 1.7 bcd 

TBR 1.3 c 5.7 a 
TBR 2.7 b 3.0 b 
TBR 3.7 b 2.3 L, 
TBR 5.0 a 6.0 a 

= S. goniocalyx, PHU = S.phureja; CHA = S. chaucha; 

cultivars were inoculated by stabbing 
with needles carrying suspensions con-
taining 3.3 x 107 c.f.u./ml of Ecc and 2 x 105 conidialml of Fusariwn sp., and the 
amountof rottd tissuewas calculatcd by 
voumen cm3f yerisme cabew ateb 
baceum ndch ofnergismtetngs aeb acte riu m and each o f th e fungi w as par-
ticularly pronounced in the cuivar 

Revoluci6n, but was not observed in the 
cultivar D6sir6e. The degree of syner-
gism may be related to the cultivar's sus-ceptibility to each pathogen alone. 

bination of fungal and bacterial patho
gens is now being studied. 

Detection of latent infection. A simple, 
accurate method to detect and quantify
the presence of Erwinia spp. in latently
infected seed potato tubers is needed fort ed vl p e t o o h q a a t n nthe devclopment of both quarantine and 

seed certification regulations in both 
Tveloping and developed countries. In 

Tunisia, collaborative studies at ESH atChott-Mcericm indicated that 50%-100% 
of seed tubers cemmonly imported from 

anigen, adberouinssp tat een 
berosum ssp. andigena, that had been 
previously selected for combined resist-
ance to Ecc, F. o.Asponun, and F. solani. 
Two inoculation procedures confirmed 
resistancetoF.o.iysponun in88%to93% 
of the clones, and to F.solani in 72% to 
74% of the clones. Resistance to the com, 
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Europe were latently infected byE. caro-Tests were made of 70 clones ofS. tttsp-toetca(c)a elaas well astovor, ssp. atrosepica (Eca) 
Ecc and Echr. However, the level of in
fection tended to decrease during local 
multiplication under dry field conditions. 

At CIP, Lima, a student from the 
UNA used laboratory rabbits to produce 
polyclonal antisera to 6 Peruvian Erwinia 



isolates. Antisera against two Ecc strains 
and two Eca strains (either separately or 
in combination) reacted positively with a 
wide range of stra;ns from the CIPcollec-
tion, including 40 serotypes collected in-
ternationally (Fig. 3-4). Antisera against 
Echr were specific for Echr isolates from 
several countries. None of the antisera 
detected isolates of Escherichia coli, P. 
solanaceantm,or Agrobacteriumtuinefa-
ciens. Greater sensitivity and a wider 
range of detection were observed when 

108' 
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1 c3 n 40 31341 
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lE homologous sri P 79s, 91
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Notes: 

the antisera were used ia the NCM-
ELISA method, than whcn they were 
used in the agar double-diffuion method. 
These antisera have been di tributed to 
ESH in Tunisia and LEHRI in Indonesia, 
for preliminary testing. 

Late Blight 

Breedingfor resistance. At CIP, the cur
rent approach to breeding for resistance 
to Phylophihora infestans iavolves 2
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soe l 4 2 242 


- , 8 3
 

AU n n 

1bBacterial strains were positioned as follows:Ecc strains from Peru: 1-6, 13-18, 31-36, 43-48, 49-54, 61-66, 80-83, 92-95
Bffr Contol: 4,8
 
Ecc serotypes (supplied by S. De eCanada,19-24, 25-30, 37-42, 55-60, 67-72 Vancouvcr) 7-1Z ,
 

Pseudomonas solanacearurn strains: 73-75, 5-87
 
Escherichiacofi strains: 76, 77, 88, 89
 
Agrobacterium tureaciens strain: 7
Eca homologous strain CIP 353: 79, 9190 a, 

Buffer Control: 84, 86
 

2) Numbem 
 in left-hand column represent the concentration (c.f.u./ml) of the
bacterial suspnsion used to blot the membrane (lowest dilution of any strain 
is situated directly below the highest). 

3) A dark spot repra-sents a strongly positive reazction (due to a high degree of
 
homology or a high bacterial concentration).
 

Figure 3-4. Detection of different strains of Erwinia carotovora ssp. carotovora 
(Ecc) from diverse origins by NCM-ELISA using antisera prepared against strain 
CIP 353 of E. carotovora ssp. atroseptica (Eca). 
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potato populations: 1) advanced ma- naturally. It is anticipated that field in
terials containing dominant genes for oculation will soon becomea routine part
"vertical resistance" (R-genes), as well as of the screening in Colombia. 
horizontal resistance genes, and 2)hotrial fre tancgenesut arondm A new activity was adopted in 1989 to
materials free of R-genes, but agronomi-brdepultosAadBInCo

cally less advanced. In both populations, 
the objectives are to increase levels of 
horizontal resistance, to add suitable 
agronomic characters, and to provide for 
cultivar selection, 

Parental clones for the advanced 
population are chosen by pr', ;eny tests 
that determine the heritability of hori-
zontal resistance and yield performance 
at several locations in different parts of 
the world. Plants are initially screened at 
the seedling stage by spiaying with a 
suspension of sporangia and zoospores 
of P.i;qe'stans. In 1989, approximately 
1,500 seedlngs were selected from the 
15,0W0 that had been screened. Another 
1,5(X) seedlings also were selected at ran-
dom to check the screening efficiency, 
These were multiplied and will be tested 
in the field in 1990 at both Rionegro, Colobiaandt RheneriRwada. 

Field screening involves the close 
cooperation of national programs in 
Colombia, Rwanda, and (for subsequent 
cycles) Mexico. National program co-
operators participate in maintenance, 
screening, and selection of the advanced 
clonal generations, retaining promising 
clones for their respective programs. 

Field screening has traditionally 

based on natural infection. In 1989, in
oculations were attempted in Mcxica)and 
Colombia; the latter were more success-
ful due to the availability of overhead-
sprinkler irrigation. Inoculations improve 
uniformity and help oercome problems 
of incompatibility bct'veeu host plants 
and simple races of the 'ungus that occur 
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bridge populations A and B.InColom
bia, clones selected as resistant were 
tested with a simple race to identify in
dividuals having no R-genes. Clones that 
prove to be free of R-genes will be usedas progenitors to improve the agron'-mic 
level of population B. To date, the R
gene-free population, based primarily on 
Andigena gcrmplasm, has been evaluated 
in several sequences of greenhouse and 
field screening in Peru. Ficld-screening 
efforts have been s!dwed by loss of sites 
within Peru, but much ofthe field screen
ing will soon be done near Quito, 
Ecuador.
 

New sources of resistance are being 
tapped for population B.A sample of 123 
accessions from 3 wild diploid species is 
being tested in Peru, and crosses between 

aplisad t de-resistanecloare planned to introduce resistance into 
a cultivated form extracted to make cros
scs with diploid wild species. 

Ifeniational testing for selection of 
resistalt cultivars. More than 2,300 
clones from the advanced population of 
169 families were tested at Rionegro, 
Colombia, and at Toluca, Mexico in 1989, 
and 166 clones were selected for resist
ance and agronomic characteristics. 
These were tested in a second cycle at 
Rionegro and will be test .d at Toluca in 

Beginning in 1990, the first generation 
of field testing will be done in Rwarda in 
collaboration with the rational potato 
program, as well as in Colombia. The 
planting dates coincide a' both sites, and 
both environments have high levels of 



inoculum early in the season due to the 
year-round potato cultivation, 

After two cycles of field testing, 
selected clones become part of the Inter-
national Late Blight Resistance Trial 

tion increased the percentage of foliage 
infested. This increase was most notice

able 8 days after inoculation,suggesting 
that the first evaluation after inoculation 
may be important in the overall assess
ment of horizontal resistance. Inocula(ILBRT). The clones of the ILBRT aretinasreucdheofiintf 

mairtained under quarantine conditions 
and sent upon request to national 
programs. In 1989 there were 39 new 
clones addzd to the ILBRT collection 
(now totalling 170 clones). 

Several changes are in progress to im-
prove the ILBRT. Clones free of R-genes 
are being ;ncorporated as checks to go to 
all sites. This will improve the co-
parability of results. Late-blight readings 
will be retrieved and compiled at CIP-
Lima so that participating national 
programs can see how accessions per-
form in other parts of the world. As the 
ILBRT acquires a greater proportion of 
R-gene-free materials, this monitoring 
should give information about the 
stabil;ly of horizontal resistance in dif
ferent parts of the world, and the adap-
tability of the clones. 

A breeding and evaluation program 
continues with th. Northern Philippinvt 
Root Crops Research and Training Cen-
ter at La Trinidac. Unadapted genetic
materials from Lima with a high level of 
resistance were used in two cycles of 
recurrent selection for resistance to LB 
and adaptati-. Adaptation and yield 
were substantially improved while maintaining resistance to LB. 

i's,
mctures to screen for resistance.An 
experiment at Rionegro, Colombia 
tested the efficacy of field inoculation 
with P. infestans. Three concentrations of 
a suspension of fungal spores were 
sprayed on 4 cultivars with differing 
levels of horizontal resistance. Inocula-

v 
variability (CV) within genetically 
uniform plots of the AUDPC.The reduc
tion of the CV from 17.8 to 14.1 is im
portant because itrepresents an increase 
in uniformity of infection in the field, 
which is one of the objectives of in
oculation. 

An experiment also was begun to 
study the efficacy of seedling screening of 
individual plants. Famiiies from 10 cros
ses were inoculated and individual seed
lings were evaluated for percentage of 
infection. Prior to inoculation, the seed
lings ha been propagated from cuttings. 
These were multiplied and will be tested 
as adult plants in the field at Rionegro, 
Colombia in 1990. 

Early Blight 
Chemical control. Two fungicide com
bination treatments were compared in 
San Ramon in 1989 to develop achemical 
control procedure to be used with host 
resistance in an integrated program. 
DithaneM45 + Dyrene were found tobe 
effective, while 'Dithine M45 + Euparen 
controlled early blight only if applied 
before inoculation. 

Resistance. At San Ramon, clones ofthe pathogen-tested list were evaluated 
for resistance toAlternaria solani. Clones 
were grouped into classes that I I been 
shown to be susceptible, moderately 
resistant, and resistant. Results of the 
1989 test were in agreement with those 
from 1988. The most resistant clones 
tested both years were: 700031, 720118 

Thrust !11 43 



(Ndinamagara), 700431, 700528, Puca 
Duraznilla, Mollay Zarda, Tara Ccallo, 
Pinaza, Espafiol papa, Amari'la, Conga, 
and Yana Ppima. 

Breeding. A sample of 4) segregating
progenies was evaluated for early-blight 
resistance after artificial ield inoculation 
withAiernariasp.The parental materials 
came from North Carolina State Uaiiver-
sity, the University of Maine, and CIP. 
Progenies of Maine 48 x Y84.012 and of 
Maine 48 x Y84.011 were high-yielding, 
early-maturing, and had acceptable levels 
of resistance (Table 3-5). In general, 
early-blight resistance was correlated 
with moderate earliness, confirming the 
findings of other studies at CIP. Early-
blight resistance also was identified in 
populations immune to PVY and PVX. 

hIternationalscreening. In coopera
tion with the Gilat Regional Experiment 
Station in Israel, numerous CIP clones 
have been screened for -esistance to Al
tienaria sp. Tested clones segregated
markedly for percentage of foliage af
fected by the disease, indic,.ding that rela
tive levels of resistance exist in materials 
currently available. Similar tests are 
being carried out in Uruguay at the 
CIAAB station of the national agricul
tural program. 

Soilborne Diseases 

Powdery scab. Field evaluations con
ducted in conjunction with the Peruvian 
national program (INIAA) for the last 3 
years showed that two Ecuadorian 
varieties, Gabriela and Esperanza, werc 

Table 3-5. Performance of progenies with highest levels of resistance to early blight, San Ramon, 
summer 1989. 

Progeny 

DTO-33c 
Maine-48 x Y84.012 
Serrana x EB81 -P2.31 
LT-9 x EB81 -P2.31 
Maine-37 x Y84.011 
84C46.3 x Y84.012 
84C32.3 x YY-9 
Maine-47 x 378676.6 
Maine-48 x Y84.011 
Maine-45 x Y84.012 
84C34.4 x Y84.011 
84C37.2 x XY.9 
Utatlan 69.1 x YY-3 
Bzura x EB81 -P3.11 

LSD (0.05) 

Early blight severity' 
Yield (g/plant) 60 days 

475 6.2 
448 4.0 
44 3.5 

443 3.0 
436 e.0 
414 3.7 
409 3.3 
395 3.0 
387 3,7 
381 4.3 
,79 4.3 
375 3.5 
375 4.0 
365 3.0 

162.7 1.0 

75 days Earlinessb 

7.3 9 
4.8 6 
5.2 4 
4.5 4 
5.2 6 
5.5 4 
5.8 5 
5.2 5 
4.5 6 
5.8 6 
5.2 6 
5.0 4 
5.5 6 
4.3 4 

1.2 2.0 
a Severity scale: as in Table 3-5. 
bEarliness scale: I =very late; 5 intermediate; 9 =very early (evaluated 75 days after planting). 
c Susceptible check. 
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consistently resiste at to powdery scab 
(Spongosporasubten nea). These variefies 
have been adopted for multiplication in 
areas where this disease is severe. 

Fungalwilts androts. During the 1987-
1988 season, a student from the Univer-
sity of Huancayo (UNCP) collected 
samples from wilting plants and rotted 
tubers and from healthy tubers in 3 agro-
ecological zones of the Peruvian central 
highlands (Comas, Huasahuasi, and the 
Mantaro Valley). 

The fungi Verticillium dahliae, Fusa-
rilm oxysponun, Fusarium solani, and 
Fusariun gramineanmn were the prin-
cipal vascular pathogens isolated from 
wilting plants. Other pathogens such as 
Phytophthora erythrosepticaand Rhizoc-
tonia solani also were isolated from 

Sweet Potato Diseases 
Importance of Bacterial and Fungal 
Diseases of Sweet Potatoes 


Little information is available regarding 
the economic importance of bacterial 
and fungal diseases of sweet potatoes. 
Diseases of the foliage appear to be 
sporadic and generally of mino, impor-
tance. Soilborne diseases generally are 
considered to be the major disease con-
straints, because they cause losses when 
plants are still in the field or when storage 
roots are kept for propagation and for 
future consumption. The most important 
of these diseases are black rot (Ceratocys-
tisfilnbriata),charcoal rot (Afacropho-
Iinaphaseolina),foot rot (PlenodoillUs 
J!estniens), Fusarium root rot, and stem 
canker (Fusriuln spp.). All of these dis-
c'.ses cause losses in the field and con-
tinue to cause rot in produce during 
transit, marketing, and home storage. 

plants with the same symptoms, but were 
secondary invaders. 

Piyzoplihora infestans, Plophtora 
c hythroseptica, Fusaiuinsolani, and Fu

saritam sulphureuni were the principal 
fungi causing rot of potato tubers in the 3 
agro-ecological zones of Peru. A wet rot 
(Pythiwn sp.) in potato tubers was found, 
especially in the Comas and Mantaro val
leys. 

The incidence of wilting plants and 
tuber rots generally was low in the central 

highlands of Peru, but varied with the 
environmental conditions at each loca
tion. The pathogens Fusariumsp., P. ety
throseptica, Verticillium dahliae, and 
Pythium sp. were found in a latent state 
in healthy tubers collected immediately 
after harvest. 

Where storage roots are kept for use 
as a source of plantlets and slips fo: pro
pagation, as in Argentina and Uruguay,
the important soilborne diseases include 
sclerotial blight (Sclerotium rolfsii), soil 
rot (Streptomyces iponioea), and bacte
rial stem and root rot (Erwinia chrysan
themi). Similarly, bacterial wilt
 
(Pseudomonassolanaceanon) is impor
tant in southern China.
 

Although there are only a few places 
ip the developing world where sweet 
potatoes are stored for nater consump
tion (a notable exception is China), a 
.:rber of fungi have often been 

reported to cause storage root rot; these 
include Rhizopus stolonifer (soft rot), 
Diplodiagossypina (Java black rot), and 
Phoinopsisphaseoli(dry rot). 

In most developing countries, espe
cially in the tropics, sweet potatoes are 
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consumed soon after harvest, and 
propagation is by vine cuttings taken 
from the growing crop. Diseases such as 
leaf and stem scab (Elsinoebatatas)can 
be transmitted by this propagation. 

Surveys in Peru have identified many 
of the diseases reported worldwide. The 
diseases are found in s',et potato grow-
ing areas of irrigated valleys on the coastal 
plains and in the low- and medium-eleva
tion tropical forest areas. Assessments 
are under way to determine the feasibility 
of screening for resistance to those dis-
eases that are important worldwide, 
using the extensive germplasm collection 
at CIP to select resistant accessions for 
use as cultivars on parental materials. 

Screening of the germplasm for dis
ease resistance has begun at CIP, Lima, 
in association with the UNA. Screening 
and evaluation methods have been 
developed and are being used to evaluate 
324 entries for Java black rot (D. gos
sypina) resistance, and approximately 
200 entries for Fusariwin root rot (F.so
lani).Both fungi have been isolated from 
storage roots. 

Suney in Peni.Surveys were made to 
determine the presence of bacterial and 
fungal pathogens in some of ihe major 
producing coastal valleys of Per-. (the 
Rimac, Chillon, Chancay, and Huaura 
valleys of Lima Department; the Caplina 
River Valley of Tacna), and at the San 

Table 3-6. Stem, foliar, an I tuber pathogens of sweet potatoes in areas surveyed in Peru. Presence 
is indicated by "+" sign. 

Area surveyed 

S&n Ramon, Four valleys Yurimaguas, 
Disease Junin Dept. in Lima Dept. Lcreto Dept. 

Stem rote 

Fusarium sp. 
Rhizoctonia solani 

Sclerotium rolfsii 

Follar leaf spots 
Albugo ipomoea.panduratae 
Alternariasp. 
Coleosporium ipomoea 9 

Corcosporasp. 
Curvislar a sp. 


Plyllosticta hatatas 

Septoria sp. 


Stemphyliurm sr. 
Tuber diseases Ir storage 

Diplodia gosrypina 

Erwinia chnsanthemi 
Fusarium sp. 

Macrophomina phaseolina 
Plenodomus destruens 

Rhizopus stolonifer 
Basidiomycete (unidentified) 
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Ramon (Junin) and Yurimaguas especially severe at San Ramon, where(Loreto) jungle research stations. Facul- most accessions were diseased, with rottative parasites were tested for patho- ting in more than 50% of their storagegenicity and identified, whereas obligate roots. At San Ramon, a student fromparasites were only identified. At San UNCP-Huancayo made a field com-Ramon, 19 diseases were detected, 12 parison of 10 cultivars, which indicatedfound in the 4 va!leyswere of Lima some differencesDeFartment, and 4 at Yurimaguas (Table 
in disease incidence 

among cultivars. Japonds-portuguds3-6). Soft rot was detected in storage (R. (RCB 64-IN) had the greatest incidencestolonifer) at La Yarada in the Caplina of Cercospora sp.; Paramonguino (RCB-Valley of Tacna. All pathogens identified 276-IN), and Amarilla de Quillabambawere fungi, except for the bacterium Er- (RCB-173-IN) had the lowest incidencewinia chrysanitheni. Surveying was limi- of Fusarium oAysponun on tubers in theted to one visit late in the growing season, field, but the latter suffered the greatestexcept at San Ramon, where observa- losses during storage because of soft rottions were made each week. (R. stolonifer) and foot rot (P.destnens). 
Morado (RCB-3-IN), Nemafiete (RCB-Storage diseases. Diseases were 31-IT), and Desal (RCB-6-IN) showedstudied in samples taken aftA 2 nidahs the greatest losses in storage due toof storage from among numerous acccs- Fusadjum root rot, charcoal rot, and Javasions maintained in CIP stores at both black rot, respectively.

San Ramon and La Molina (the latter islisted under Lima valleys in Table 3-6) Chlorotic leaf distortion. A researchand at La Yarada, Tacna. The percent- contract wi:h Louisiana State Universityage of infected accessions is shown in studied possible relationships of a virusTable 3-7. At San Ramon, foot rot or a viroid with sweet potato chlorotic(P.destniens) also was found to cause leaf distortion (CLD). Crystalline nudisease in the field. Storage diseases were clear inclusions were shown to occur, but 

Table 3-7. Percentage of acce-,3ions infected by different pathogens after two months of storage 
among 108 accessions at San Flamon (Junin); 68 at La Molina (Lima); and 10 at La Yarada (Tacna). 

Storage location in Peru 
Pathogen 

Dip/odiagossypina 
Fusarium spp. 

San Ramon 

42 
20 

La Molina 

46 
31 

La Yarada 

Diploidia gossypina jointly
with Fusarium spp. 6 9 

Macrophomina phaseolina jointly
with Fusarium spp. 

Plenodomus destruens 
Rhizopus stolonifer 

Unidentified Basidiomycete 
Erwinia chrysanthemi 
Undetermined 

16 
4 
3 

4 
2 
3 

10 

4 

60 
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Figure 3-5. Prose ice and absence of Chlorotic Loaf Distortion fungus on the surface of sweet potato 

ip of clone NC-845 cov,-d with a layer of mucilage and fungal hyphae; (B)plants: (A)shool 
enlargement of (A) showing the edge of a leaf primordium where the mucilage was rubbed off;(C) 

epiphytic hyphao on a young leaf; and (D)developing leaf tip of healthy Beauregard cultivar partially 

covered by mucilage. 
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no virus was co.,:sistently associated with 
CLD. Under microscopic observation, 
the white material that appears on the 
adaxial surface of leaves with CLD was 
found to contain fungal mycelia and mac-
roconidia. Fusaritmn laterithun Nees was 
isolated from all symptomatic plants and 
from many symptomless plants found in 
commercial fields; however, it was not 
isolated from symptomles,. mericlhnes 
grown in thegreenhouse or the field.This 
fungus was isolated from clumps of 
epiphytic growth on leaves, and from the 
surface-disinfested tissues taken from 
stem nodes; leaf segments; !eaf primor-
dia; apical ncrist:nis; true seed (non-
scarified); stamens, pistils, receptacles, 
and petals of opened flowers; unopened 
flower buds; and axillary vegetative buds. 
Inoculation studies demonstrated that 
CLD iscaused by F.lateritium. 

Because F.latertiin was isolated 
from surface-disinfested apical meris-
lems (0.5 mm to 0.8 mm) and other parts 
of the shoot tip, a histological study was 
initiated to determine the location of the 
pathogen. Scanning electron microscopy 
(SEM) of the shoot tip revealed that the 
apical dome, leaf primordia, and young-
est leaves that had not yet unfolded, were 
covered by a continuous layer ol 

mucilage with fungal mycelia on and in 
the mucilage (Fig. 3-5, a and b). Older 
leaves showed no indication of mucilage; 
fungJl mycelia were found in clumps that 
were regularly distributed over the sur
face of the leaf (Fig. 3-5, c). Examination 
of sections of these tissues by light 
microscopy indicated that there was no 
fungus within the older leaves; however, 
fungus appeared to be present within the 
apical meristem or leaf primordia. The 
presence of the mucilage on t!w surface 
of these tissues .'is interfered with in
filtration ar.d embedding, thus hindering 
efforts to obtain usable sections from 
them. Examination by SEM of the shoot 
tips of CLD-free mericlones indicated 
the presence of the mucilage on healthy 
shoot tips (Fig. 3-5, d). 

Compendiuni of Sweet Potato Diseases 

A Compendium of Sweet Potato Dis
eases was published by the American 
Phytopathological Society (APS) in 1988. 
It has been translated into Spanish by
CIP as a joint APS/CIP publication. This 
comprehensive publication describes the 
gL"graphic distribution, symptoms, 
causal organisms, disease cycles, and 
cont, 'f the most important biotic and 
abiotic disorders. 
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Effect of virus diseases on sheet potato in Peru Left healthy plant. 
right naturally virus-infected plant 



Thrust IV 

Control of Virus and Virus-like Diseases 

Thrust Profile: 1990 
The control of virus diseases is based principally on prevention of infection. Thus, in 
CIP's work with NARS, breeding for resistance to major potato viruses is one of the 
most effective and inexpensive prevention measures. Breeding for resistance tv potato
leafroll virus (PLRV) alone, or in combination with potato virus X (PVX) and potato
virus Y (PVY) immunities, is one of the major Thrust IV activities. Because the 
resistance to PLRV is now known to have multiple components, the search for parental 
genotypes with individual resistance components should facilitate efforts to combine 
them in later stagt's. one of these components, aphid antixcnosis, was determined in 
four clones maintained at CIP. Resistance to infection is another ilportant component
of the resistance to PLRV. ThiF resistance can be broken down by growing resistant 
clones under high temperature conditions. For example, of 62 advanced clones that 
resisted PLRV infection after five field exposures during the winter at Ica, Peru, only
16 showed moderate to high resistance to PLRV in the summer season. Thcsc findings
indicate that final selections for resistance to PLRV should be done at locations having
conditions similar to summer conditions at Ica. Resistance to virus multiplication,
although not common in cultivated potato, has two important advantages in controlling
the disease. It reduces the scvcrity of the Icafroll disease and also reduces the inoculum 
potential in plants having this type of resistance. Two clones with resistance to virus 
multiplication, developed through a collaborative project, are now available as paren
tal lines. 

Because pathogen variability is a crucial factor in the strategy of breeding for 
resistance, the variabilityof PLRV is bcing carcfully cvaluatcd. Monoclonal antibodies 
were used to examine the antigenic determinants (epitopes) on the protein coat of the 
PLRV particle, and wide variability was found among 8 PLRV isolates. Studies are 
now being made of the relationship between scrological variability and infcctivity of 
several geographically different PLRV isolates, particularly in resistant genotypes. 

Virus-frcc seed is another important prevention measure in controlling virus 
diseases. To produce basic stocks free of viruses, however, sensitive methods are 
needed for virus detection. In addition, virus detection methods should be simple and 
inexpensive for use in NARS. The serological technique called El ',,;A is one of the 
methods that satisfies these three requirements. The antiscra, one of the most expen
sive rcagents for use ';n ELISA, can now be produced in several NARS through CIP 
advice and training. To facilitate this process, studies are under way of the production 
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of virus antibodies (anti-idiotypes), starting from a small supply of previously 
produced antibodies, rather than from purified virus. 

To increase the pool of virus and viroid detection methods at CIP,complementary 
nucleic acid sequences have been developed for 8 viroids and 6 viruses and these are 
available for use as DNA or RNA probe: 

Virus research on sweet potato included efforts to detect and identify viruses, as 
well as a search for resistance genes to swect potato feathery mottle virus (SPFMV), 
the most important virus attacking the crop. Antiscra and kits for detection of major 
viruses arc now available for distribution to NARS. A mechainically transmitted, 
unknown virus (code-named C-2) found in the gcrmplasm collection, has been 
identified and partiAlly characterized. Several other viruses are now being charac
terived. 

Thirteen accessions in the CIP gcrmplasm collection were found to resist repeated 
SPFMV graft-inoculations; they represent the best available sources of resistance to 
this virus. 

Potato Research 
Resistance to Viruses Two advanced clones (G-7461-1 and 

Sonmcaccessions of ClP's grmplasm col- G-7445-1) that had shown evidence of 
leonea gesionsorP'sresitanmce,- genes for resislancc to virus multiplica
laction have genes for virus resistance, 
and sensitive virological techniques have 
now bcn developed for assessing the 
presence of viruses. Using these two 
basic elements, CIP has developed 
genotypes immune to PVX and PVY. 

Previous studies have shown that the 
genetic resistance to PLRV is more corn-
picted han that tt PVX or PVY, b-

c:use of the multifacorial nature of this 
rcsist,ine and i-. srong dependence on 
cnvirum,.ntal factors, 

Resistance t,) Imultq'iication.Rc-PLR 
sistancc to virus multiplication in the 
plant is one of the most important corn-
poncnts of the resistance to PLRV. The 
level of this type of resistance can be 
assessed only by dccrmining the virus 
concentration in plant tissue at different 
intervals after inoculation and the rate of 
infection of progeny tubcrs in inoculated 
plants. 

tion were part of the collaborative re
search with the Scottish Crops Research 
Institute. Preliminary inoculations with 9 
gc.igraphically different PLRV isolates 
indicated that thcsceclones were infected 
only by isolate 01 from Peru and werc 

infected at a low rate by an isolate from 
Nepal. lowevcr, infected plants showed 
only small amounts of virus in the foliar 

tissue. These results indicate that clones 
(-741-1 and G-7445-1 have genes for 
resistance to virus multiplication, as well 
as probable resistance to infection. Tim.v 
will be used as progenitors in CIP': 
breLding projects, and studies will be 
made of the infection rate of progeny 
tubers. 

Altirevosis and anlibiosis. RP.,istancc 
to' aphid vectors is ar ,ncr important 
component of ti; r sistance to PLRV, 
and antixnosis and Antibiosis arc the 
most relevant factors ii, 'his resisi rice. 
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In spite of difficulties encountered in 
maintaining healthy aphid colonies for 
these studies, Lcsts were made and a high
level of antixenosis was found in CIP 
clones 703314, CIP 703319, F-3, and the 
cultivar Ccompis. Antibiosis was again
confirmed in Solanum neocardenassii. 

Screeningfor resistance to PLR V. A 
total of 112 clones from CIP's pathogen-
tested collection were screened for resis-
tance to PLRV under field conditions 
during the winter season at lea, Peru. 
Only two clones, G-4 ani Monseirate, 
showed a high level of resistance to 
PLRV infection. Another group of 52 
pathogen-tested clones that had pre-
viously shown resistance to PLRV infec-
tion under glasshouse conditions isbeing
exposed to PLRV infection in a field-cx-
posure trial to determine the stability of 
their resistance. This experiment isbeing 

conducted i!n coliaboration with the 
Univcrsidad San Luis Gonzaga at Ica,
Peru. The aphid population during the 
winter season was measured on plants
and in Moericke yullow traps and a 
moderate count was found at up to 6 
weeks after Frlanting (35 to 150 winged 
aphids per week). However, the count 
was low (5-18 winged aphids per week)
during the remaining period until harvest 
time. 

Sixty-two advanced clones were found 
to resist PLRV infection after 5 field ex
posure trials during the winter season at 
lea. When these cl,.aIes were exposed to 
PLRV infection during the summer 
season (temperatures from 22C to .8C)
in the same location, only 16 clones were 
selected as moderately resistant and 
resistant to PLRV infection (Table 4-1). 
This resistance breakdown under high 

Table 4-1. Some charactenstics" of clones selected for resistance to PLRV after 5 field-exposure trials at 

150 

Ica, Peru. 

Clone Family LR SG RS DM Yield 
86007 

86061 
86023 
860Ul 

86008 

86002 

B-71-240.2 x 7XY.1 R 

R 
M 
M 

M 

M 

1.079 

1.078 

1.0,,6 

3.66 

1.66 

3.00 

19.78 

20.03 

19.81 

1171 
960 
713 
650 

622 

600 
86010 

86059 

86015 

86058 

M 

R 

R 

R 

1.083 

1.084 

2.00 

2.66 

21.17 

22.34 

515 

513 

433 

390 
86014 

86060 

86017 
86099 
86095 
86085 

BR63.15 x 7XY.1 
Mariva x 7XY.1 
B-71-240 2 x 7XY.1 

M 

R 

R 
R 
M 
R 

1.082 

1077 

1.078 

1.0W0 

3.00 

3.33 

2.3? 

3.66 

20.70 

2092 

18.94 

20,49 

386 

339 

317 
294 

270 

LR = highly resistant (R) or moderately resistant (M) SG = specific gravity in gicm3 . DM z dry 
matter in .-,ercentage. RS = reducing sugars using arbitrry scale of 1 (minimum) to 5 (maximum).
Yield is expressed in grams Oer plant. 
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temperature regimes also has been noted 
in the field experiments conducted 
through a research contract in Poland 
(Institute ofPotato Research, Mlochow). 
Such findings are important because 
CIP's research objective is to develop 
genotypes for use mainly in warm 
climates. 

Combination of resistances. The corn-
bination of virus resistances (PVX, PVY, 

and PLRV) with resistance to other path-
ogenic agents is a key research objective 
because resistance to only one virus is not 
enough for good performance of a 
genotype under field conditions. Such a 
combination is especially important for 
PLRV resistance that is broken into 

gcnotypcs susceptible to PVX or PVY. 

Thirty-seven families from crosses be-

tw%,ccn PLRV-rcsistant clones and PVX-
and PVY-resistant clones were evaluated 
for agronomic characteristics at La Mo-
lina Of these. 17 families (Table 4-2) 
showing the expected segregation ratio 
wc,'c selected for export to other coun-
tries for field evaluation and selection. 

Ther was also an evaluation of 

another group in which 1 f'amilies were 

obtained from crosses Ibetwccn parents 

with resistance to PLRV and immunity to 
P V Y , or a c om bin a ti on of imm un itie s to 

PVY and PVX, and 45 were obtained 

Table 4-2. Number of progenies showing the 

expected segregation ratio (immune: suscep
tible) by genotype 

Virus Expe,;ed No of 
Genotype immunity ratio progenies' 

Yy3 x y4 PVY 1 1 9 

Xx3y4 xYy3x4 PVX-PVY 1 3 1 
Y2 x X3Yy3 PVY.PVX i ; 13 2 _ 

"Of 37 families tested 
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from intercrosses of PVX- and PVY-im
muneclones. From a population of 9,600 
plants, 5,00 showed resistance to PVX 
and PVY and 2-33 clones (4.16%) were 
selected on the basis of their good agro
nomic traits. Future work is designed to 
produce clones carrying the gene for im
munity to PVY in higher frequencies 
(triplex condition), as well as duplexes
for PVX and PVY, and their combina
iotoPR resan.Wrksnw 

tion to PLRV resistance. Work is now 
under way to combine PVX and PVY 
immunities with resistances to bacterial 
wilt (Pseudomnonas solanaceanan) and to 
early blight (Alt'naria sp.). The objec. 
tive is to have genotypes carrying all of 
these resistances available to NARS 
withinsthe ncet 5 ayars. 

Variability of PLRI.V Studies of the 
variability of viruses are essential to the 
production of resistant genotypes, and 
CIP has made extension studies of the 
variability of PVX and PVY. Current 
studics are focusing on the variability of 
PLRV, and isolatcs of PLRV available at 
CIP have bccn studied to compare infcec
tivity and the symptomnatology produced 

in scl,.ctcd hosts, including Nicotiana 

huidwuijanw, V cl'velanlii, Datura stra
m~miml,iomthreta glbos 'Plnalis 

m (hnphrenu globosa, 

floridana, and Lycopursicc:, escuh'ntuin. 
No osignificantg c , differences were founda l s l t s n i a i g t a 

isolates, indicating that
varia ,ility of PLRV infectivity cannot be 
used as a tuitcrion for classification of 
strains o!" thi virus. 

Immunological differences among 
PLRV isolates were examined, using 
several monoclonal antibodics derived 
from a British isolate produced in col

laboration witlh the Scottish Crops Rc
search Institute. ELISA 'csts were made 
and the color reactions wcrc quantitated 

by determining the absorbance values in 



an ELISA colorimetei. The highest ab-
sorbance values in these studies were as-
signed a value of 10, and the remaining 
absorbance values were calculated in 
relation to this value. Table 4-3 shows the 
results, which suggest that the isotope 
variability in the PLRV particles ranges 
widely among the PLRV isolates. Based 
on these results, PLRV isolates at CIP 
can be grouped into three serogroups: 
Group 1 includes the isolates from 
Korea, from El Salvador, and from Peru. 
Group 2 includes isolates from China, 
Kenya, Uruguay, and Britain; however, 
the Chinese isolate differed markedly 
from the other isolates in this group, in its 
reaction to the monoclonal PM-10. 
Group 3is represented by isolate 10 from 
the Peruvian Andes. Serological detec-
tion or identification of PLRV can be 
improved by producing antisera specific 
foreachscrogroupandthencombiningsev-
eral antisera to obtain a wide spectrum 
detection system (polyvalent detection). 

Techniques for Diagnosing Virus and 
Viroid Infection with NCM-ELISA 

The NCM-ELISA test is the preferred 
technique for serological detection of 
viruses because of its sensitivity and ease 

of use. However, the technique becomes 
as expensive as DAS-ELISA if all rea
gents and supplies are obtained from 
commercial laboratories outside the 
developing countries. Attempts are 
being made to reduce the costs byexplor
ing the use of supplies available in the 
local markets. The goat-anti-rabbit con. 
jugate and the nitrocellulose (NC) 
membrane are the most expensive items 
in the tests; howevei, methods have now 
been developed to produce the goaL .nti
rabbit conjugate in each laboratory by
injecting goats with purified rabbit 
gdnia globulin (IgG) and then linking 
the antibodies obtained with alkaline 
phosphatase. This conjugate showed the 
same .nsitivity as the commercial con
jugates at half the cost. 

NCM-ELISA has been useful for 
detecting all potato viruses, except 
PLRV, which has proved difficult be
cause of the poor attachment of PLRV 
particles onto the NC membrane. The
attachment of PLRV particles on NC 
atcmn fPR atce nNmembranes has been improved through 

the use of a special solution (0.2M Tris
borate buffer, DIECA and EDTA). This 
solution is used to extract the samples; 

Table 4-3. The reactiona of PLRV isolates (available at CIP) against monoclonal antibodies derived 

from a British PLRV isolate. 

Monoclonal antibodies 

PLRV isolate 1 4 5 7 PM-6 PM-10 
Korea 10 6 6 4 5 2 
029 (Peru) 10 6 9 6 8 
El Salvador 10 5 8 4 5 1 
China 7 2 10 1 4 7 
Britain 9 7 10 4 1 2 
Uruguay 9 5 10 6 2 3 
Kenya 8 3 10 1 5 1 
010 (Peru) 4 6 7 1 10 2 
a Expressed as relative values to the maximum ELISA reading (A405=1 0) in the experiment. 
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samples are then clarified with chloro-
form. These measures help to increase 
the effectiveness of the NCM-ELISA test. 

Research on idi'typic antibodies. Idio-
h y is pttll f to 

clonal origin. Ab-2 antibodies are the in
teimediate anti-idiotypic antibodies 
produced in an animal injected with Ab
1. In a serological test, Ab-2 antibodies 

type technology ispoentiay usf t mimic the reaction of the original virus 
rapidly reproduce large amounts of antigen. Ab-3 antibodies are the anti
virus-specific antibodies or to reproduce anti-idiotypic antibodies produced by injecting an animal with Ab-2. In tLeory,specific antibodies to an array of an-Ab3adb-anioyrctnshul 
tigens. This new technology is designed 
to produce antibodies (anti-idiotypes) 
against virus-specific antibodies (idio-. 
types), as well as antibodies against 
idiotypes, without the need of the antigen 
(purified virus), 

Following encourag>.g research in-
itiated last year, additional studies have 
been made of idiotvnic antibodies, and 
the terminology used in this rcs,;arch has 
been standardi'ted. In CIP's work, Ab-1 
antibodies are te idiotypic antibodies, 
or virus-specific *,ntibodies. These ai.-
tibodies may be of monoclonal or poly-

PLRV Crude sap 1/10 1 

1/100 

Furifiet! 1/50 To 

HEALTHY 1/10 

1/100 

BUFFER j 
1/50 1/250 

Ab3 # 92 
Sources: Ab 

Ab-3 and Ab-1 antibody reactions should 
be similar to those of the virus antigen. 

Ab-3 antibodies to several viruses are 
produced, with major emphasis on 
PLRV. Initial findings indicate that Ab-3 
antibodies have been produced that have 
the same reactivity as do PLRV Ab-1 
antibodies of monoclonal origin. 

Several sources of PLRV Ab-1 an
tibodies have been examined for produc
tion of Ab-3 antibodies (Fig. 4-1). 
Independently from these sources, how
ever, all PLRV Ab-3 antibodies pro
duced also showed a variable degree of 

1/50 1/250 1/50 1/250
 
Ab3 # 94 Ab3 # 95
 

# 92: MAb-LR-1-1-3 (Gugerli), 
Abi # 94: Pelyclonal PLRV (Harrison). 
Abi # 95: MAb-CIP-UNALM. 

Figure 4-1. Specific detection of PLRV by ,:b-3 antibodies produced from three sources 
of idiotypic (Ab-1) antibodies. 
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reaction with PVX and PVS. A mixture 
of spleen-cell fluids from immunized 
mice containing PLRV Ab-1 antibodies 
produced Ab-3 antibodics, in which 
ELISA tests clearly detecced PLRV, and 
almost no reaction to PVX and PVS. 
Detailed studies are being made of the 
origin of -ross-reactions with other viruses, 
and of the use of the same animal specic i 
for the production of Ab-2 3ind Ab-3 (syn
genic), and use of different animal species 
(xenogenic animals) in the process. 

Viral double-stranded RNA. Virus
specific, double-stranded RNA (ds-
RNA) is produced in plants, when 
infected with RNA viruses. The size and 
number of ds-RNA bands in electro
phoresis are specific for virus groups and 
have diagnostic value. Thus, ds-RNA 
technology can be used to detect both 
known and unknown RNA viruses, and 
can be especially useful in sweet potato 
studies, because several viruses in this 
species have not been identified. In addi
tion, the ability to extract non-genomic,
virus-specific RNA provides an excellent 
tool for virological studies, 

Progress is being made in research to 
extract ds-RNA from lutcoviruses using 
a simplified procedure that CIP has devel-
oped, which employs potex- and luteo-
v'ruses as models (Fig. 4-2). Further 
studies are under way to compare ds-
RNA from different PLRV isolates and 
other viruses, 

Nucleic-acid probe:. Nucleic-acid 
probes for detection of viroids and viru-
ses have been prepared in collaboration 
with the Beltsville Agricultural Research 
Center, Maryland, USA (Table 4-4). 
These probes are used to detect the 
agents in potato, sweet potato, or other 
hosts, as well as to determine relation-

Figure 4-2. Agarose gel electrophoresis oi 
ds-RNA of 1) PVX, 2) PLRV, and 3) DNA
markers. 

ships among viruses or viroids. Research 
has concentrated on the analysis and 
iden.ification of viral cDNA clones. 
Around 30 different PLRV cDNA se
quences, ranging between 100 bp to 1200 
bp, can be used to detect PLRV, and with 
a probe 800 bp long, PLRV can be 
detected in up to a 1/1000 dilution of 
clarified sap (Fig. 4-3). However, the 
concentration of PLRV virions was 
found o be extremely variable m infected 
plant,. of the same culavar. 

3ecause tie sehction of only one 
cDNA scqucnc.' might yield a probe that 
is too specific (narrow detection range), 
it is convenient to select the greatest 
,iumber of cDNA sequerces that can 
nybridize to one particular virus. Thus, ! 
wide-spectrum probe can be recori-
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Table 4-4. Type and sensitivity of nucleic acid probesa to detect viruses and viroids. 

RNA DNA 
Virus or viroid probe prce Sensitivity 

Potato spindle tuber viroid 
Citrus exocortis 
Avocado sunblotch 
Tomato Planta Macho 
Tomato apical stunt 
Tomato apical stunt-PSTVd 
Hop stunt viroid 
Crysanthemum stunt viroid 
Potato virus XA 
Potato viru& X0 

Potato virus Y 
Potato leafroll virus 
Andeao potato latent virus 
Sweet potato feathery mottle virus 

+ + 1024 
+ + 512 
+ + 1024 
+ + nt 

- + nt 
- + nt 
- + nt 
+ + 300 
+ + 200000 
+ + 1500 
+ + 10000 
+ + 1024 
+ + nt 
+ + 1280 

0 (+)=available at CIP; (-) =not available. Sensitivity is expressed as the reciprocal of maximum 

dilution detected of homologous infectious extracts showing posu.dve reaction. 

triicted or specific sequences can be used 
in mixtures (polyvalent detection) to 
detect all virus strains. On the other 
hand, highly specific sequences are ex-
tremelyvaluable for strain differentiation 
and characterization. Therefore, a set of 
25 difterent probes is available for detec-
tion of PVY. 

Experiments combining several virus 
and viroid probes in the same hybridization 

2 

Note: 

mixture revealed no interference in the 
detection of individual viruses or viroids. 
This finding suggests that these probe 
combinations can be used with a poly
va!ent method when it is important to 
know whether the samples are infected, 
but not the identity of the infecting agent. 

Non-radioactive labelled probes can 

serve effectively to detect viruses or viroids, 
and such use is now being evaluated. 

1 = PLRV-Infected sap dilutions 1/2 to 1/1024. 
2 = healthy sap dilutions 1/2 to 1/1024. 

Figure 4-3. Detection of Potato Leafroll Virus by Nucleic Acid Spot Hybiidization with a 

32p labelled probe. 
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Sweet Potato Research 
Research on sweet potato viruses has 
concentrated on improvement of detec-
tion methodology, identification of 
viruses anid virus-related agents, and a 
search for genetic resistance to the most 
important viruses. 

Deiectionofviruses. NCM-ELISA can 
now be used tn detect sweet potato 
feathery mottle virus (SPFMV), mild 
mottle virus (SPMMV), and latent virus 
(SPLV), using antisera developed at CIP 
and at North Carolina State University, 
Raleigh, NC. 

Nucleic-acid probes for detection of 
SPFMV have been developed, and as 
compared to ELISA, the procedure 
shows an advantage in detecting the virus 
long before symptoms develop in in-
fected plants. 

Detection of viruses in accessions to 
be included in the pathogen-tested list 
follows a protocol that includes several 
applications of biochemical tests (serol-
ogy and NASH) and graft-inoculations to 

nonnioea setosa and I. nil. The whitefly-
transmitted component (WF) of the 
sweet potato virus disease is detected by 
graft-inoculation onto the sweet potato 
clone TIB 8 that has previously been in-
fected with the RC strain of SPFMV. T'.e 
synergistic disease caused by SPFMV 
and the WF on TIB 8 isused as an indica-
tion of the presence of the WF. Research 
is under way to improve this cumbersome 
procedure. 

NCM-ELISA kits for detecting 
SPFMV, SPMV, and SPLV are being 
distributed to NARS. 

Studies on virus resistance. A search 
for resistance to sweet potato viruses 

continued in collaboration with the Vol
cani Center, Israel. Using the procedure 
shown in Figure 4-4, 13 clones were 
shown to have apparent immunity to 
SPFMV. However, SPFMV was de
tected in the top of some of these plants 
when they were grafted with an infected 
L saosa scion. 

Such clones may be truly immune, 
with the virus moving to the plants pas
sively from the infected scion. To confirm 
the initial results, stem cuttings from 
graft-inoculated plants have been cx
cised and they will be tested for SPFMV 
after development of mature plants. 
These clones now represent the most 
resistant material available for SPFMV 
at present. They arc being exanii.-d for 
reaction to other sweet potato viruses, 
such as mild mottle virus (SPMMV), 

latent virus (SPLV) and C-2 viruses. 

Ideaztification and characterization of 
viruses. Research is under way to identify 
the viruses affecting sweet potatoes to 
prevent inadvertent dissemination and to 
help eliminate viruses. 

Several isolates of apparently un
known viruses have been identified, and 
the C-2 an "C-5 isolates were found to be 
serologicily related to a virus previously 
reported as SPVC-S in Japan. An an
tiserum to C-2 has been produced and is 
being used to study relationships to pre
viously reported viruses in sweet 
potatoes. C-2 and C-5 have elongated 
particles (between 750 nm-900 nm) with 
C-5 havingthe longest (modallength be
tween 800 nm-900 nm). 

C-3 apparently has bacilliform par
ticles, whereas C-4 has isometric particles 
that are found between chloroplasts in 
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Germpla,,n simptom 

observation
(164.1) .(+dscr04) 

d N 

(163) () -dscoptble 

Id. host 
+ (+) discard (34) 

ELISA Tolerance 
(129) (-) 

Graft with Infected 
sweet potato scion discard (25) 

ELISA 4Res. to infection 

(104) (
or escapes? 

Ctaft with infected
I. nilscions 

. 
(+)discard (74) 

Res. to infection 
or escapes? 

(30) (-) 
Germplasm symptom 

observationobsLa(+) 
discard (10) 

(20) (-) 

Graft large No. 
plants with infected 

I.nil scions end 
aphid inoculations -- -- discard (5) 

ELISA Res. to infection 
(15) () or escapes? 

Graft large No. 
plants with infected 

I.nil scion with other two isolates 

ELISA 
I L ( discard (2) 

Susceptible to 
(13) (-) different Isolates 

IMMUNITY? 
Test with ind. host 

and determine segregation 
for resistance and 

stability of resistance in field 
and to pre-infection wiLh other viruses. 

Figure 4-4. Search for genetic resistance (immunity) to SPFMV inCIP germplasm accessions. 
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thin sections analyzed by electron 
microscopy (Fig. 4-5). The C-7 isolate 
induces yellowing; necrosis and dropping 
of basal leaves; and dwarfing on I. nil. 
This virus also infects Nicotianaclevelan-
dii and Gompihrena globosq, causing leaf 

deformation and dwarfing of infected 
plants. C-7 was experimentally trans
mitted by whiteflies (Bemnisia tabaci) and 
also through the botanical seed of in
fected L nil. 

Figure 4-5. Ultra-thin section of phloem companion cell of I. nil infected with

C4 isolate. Isometric particles are seen between the chloroplast membranes.
 
C = chloroplast; S = starch grain; V = virus particles. Bar represents 500 nm.
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Thrust V 

Integrated Pest Management
 
Thrust profile: 1990
 

Thrust V research focuses on the identification and use of resistant germplasm,
biological control agents, and other nor-pesticidal methods to develop the ap
propriate components for integrated control of potato and sweet potato pests. The 
potato cyst nematode (PCN) breeding program identified 20 advanced clones, includ
ing clone G86056.8, which yielded 2.86 kg/plant, and clone G86147.9, which yielded
2.70 kg/plant. Several advanced clones, tuber families, and true seed with resistance 
to PCN have been sent to Pakistan, Ecuador, Bolivia, Mexico, Colombia, the Nether
lands, Germany, France, and New Zealand for field evaluation and use in breeding.
In Ecuador two clones, j 16-10 and G 1-6, :iave been selected for release. A total of 52
clones have been selected by the national potato program in Ecuador for further 
evaiuations. Resistance to PCN identified in Solani andigena has been transferred 
to other adapted macrial. Clones with combined resistances to PCN, late blight, and
viruses have been selected. Metabolites extracted from the bark of Uncariatonentosa 
and foliage of Lonchocarpussp. were toxic to PCN under laboratory conditions. 

Root-knot nematode (RKN) resistance was identified in several potato progenies
at the diploid and tetraploid level, and additional sources were identified in S. multi
dissectum, S. bukasovii, S. canasense,and S. gourlayi. The fungus Paecilomyceslila
c/1nuts had a residual effect for RKN control on the sweet potato crop and in the
Philippines, this fungus was effective in controlling PCN and RKN. Crop rotation 
experiments in Burundi identified the most effective cropping sequence to control
RKN. In Peru the econom;c importance of root-lesioc, nematode, Pratylenchusspp,
was studied and Pflakkensis was identified as the most important. Several new sources 
of resistance to RKN in sweet potatoes also have been identified. Protein patterns of
the false rcct-knot nematode, Naccobuts aberrans,have been studied to aid in ide,
tification of populations. This technique is useful for identifying races of this
nematode. The occurrence of a new nematode damaging to potatoes was ltudied and 
its nature of damage on roo! tissues has been decumented. Further research to determine 
the significance in terms of impact of this nematode on potatoes isunder way. 

Seven resistant clones with high densities of glandular trichomes type A and Bwere
selected for Potato Tuber Moth (PTM) resistance, and this resistance was reconfirmed 
in material selected earlier. The granulosis virus was effec.ive after 6 months when 
stored at room temperatures of 21C ± 2.5C; however, treatment with talc alone was
also effective. The biological insecticide Bacillus thuringiensis(BT) applied as dust
provided good protection in stored tubers. In Colombia improved techiques were 
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developed for mass rearing of the PTM par asitoid Chelonus phthorimnaea.In Egypt 
and Tunisia, the use of granulosis virus (GV) and BT was found effective in -torage. 
These components are now being used in integrated pest managcment. Seasonal 
occurrence of PTM using pheromone traps was studied in Colombia, Peru, Burundi, 
and Ethiopia. Highest trap captures of PTM were identified to enable the timely 
application of control measures. 

For leafminer fly, 11 additional clones have been selected, in other studies, clones 
resistant to Andean weevil, Preinnotrypessuturicallus,thrips, Thripspanii,and mites, 
Tetranychusurticae and Polyphagotarsonemnuslktus have been identified. The fungus 
Beauveriaspp. was effective in controlling Anidean wec',Al. Natural enemies and a host 
range of thrips and mites attacking potatoes were identified in the lowlands of the 
Philippines. Sweet potato clones were selected for resistance to the West Indian sweet 
potato weevil Euscepes postfasciatus. In greenhouse tests, the fungus Beauveria was 
effective in controlling the larval, pupal, and adult stages of this pest. 

Potato Cyst Nematode 

Thrust objectives for potato cyst nematode 
(PCN) studies are to 1) develop ad-
vanced material for varietal selection and 
parental material with resistance to potato 
cyst nematode (PCN) Globoderapallida, 
with primary emphasis on Andean 
countries and secondarily on adaptation to 
non-traditional tropical highlands, 
2) broaden the base of resistance 
through utilization of cultivated and wild 
species, and 3) combine resistance to 
PCN with resistance to virus, frost 
tolerance, and late blight, 

Screening and Breeding for Resistance 

One hundred and fifty advanced clones 
developed by breeders from G 86 and G 
85B populations were tested in infested 
fields at Huancayo, and 62 were selected 
and sent for regional trials at Huama-
chuco, Cuzco, and Puno in Peru. Ofthese 
clones, 20 outyielded the two check cul-
tivars, and the best clones were G86056.8, 
with 2.86 kg/plant and G86147.9, with 
2.70 kg/plant. Checks were Maria Huanca 
(1.94 kg) and Tomasa Condemayta (1.54 

kg/plant). Yields improved markedly, 
but there was a decline in resistance to 
races P4A and P5A, indicating the need 
to study these races and choose the most 
appropriate ones to use in screening for 
the breeding program. 

High frequencies of PCN races P4A 
and P5A were identified. Resistance to 
race P4A was evaluated in clones G86 
and G85B, using pot, petri-plate, and 
field tests. Results from pot and field 
tests correlated well. However, numer
ous clones found resistant in pots rated 
as susceptible in the petri-plate test. This 
finding suggests the need for study of a 
possible second mechanism for resis
tance related to the hatching and in
vasion being selected for in the pot test. 

Advanced clones, tuber progenies, 
and true seed were sent to national 
programs of Pakistan, Ecuador, Bolivia, 
Mexico, Colombia, the Netherlands, 
Germany, France, and New Zealand. In 
Ecuador, 5 clones have been recom
mended for release, with clone 13-34 (CIP 
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279023.3) among the best for yield and 
resistance. However, clone J16-10, which 
isofClPorigin(377744.2xBulkLB),and 
clone G1-6 are also being considered for 
release as cultivars. There are 17 selec-
tions from the 1988 shipment in yield 
trials and 35 from the early shipment of 
1989. Most genotypes have been rejected 
because of their susceptibility to late blight, 
To solve this problem, present breeding 
efforts arc" attempting to combine PCN 
resistance with late blight resistance. 
Broadening the Genetic Base 

InHuancayo, more than 400 crosses were 
made using previously identified PCN-
resistant material. A total of 200 pro-
genies were tested in the mass seedling 
screening with 149 rated as resistant to 
both races of Gtoboderapallida.Ten new 
S. andigena clones ratcd as resistant were 
seffed, intercrossed, and outcrossed with 
1-1039, 1-1035, and G3 to evaluate the 
inheritance of resistance in these poten-
tial sources of resistance. The average 
yield was 1.64 kg/plant, and 1,349 
genotype clones (10.8%) were selected 
as resistant. Of these, 20 genotypes were 
selected for resistance evaluations to es-
timate the frequency of resistance. In-
breeding depression was most evident in 
self crosses of accessions 703990, CCC 
43S2, 702426, and 703284, whereas the 
least inbreeding depression was ob-
served in 703430, HJT-15,andCCC4641. 
Clone 703430 was also the best parent for 
yield in this group. The diploid 2n pollen 
PCN-resistant clone 84-28-58, was used to 
develop 28 progenies, which were eval-
uated for resistance to both races; how-
ever, this clone contributed little toward 
resistance. From this population, 476 
clones were planted in the field, with 52 
selected for further yield trials (mean 
yields were 1.1 kg/plant at Huancayo and 

0.7 kg/plant at Cajamarca). However, 
ofall selected clones, only one originated 
from the diploid clone as the male 
parent; thus this clone did not contribute 
to improved resistance or yield. In 
other studies conducted at Cornell 
University, four clones which combine 
resistance to PCN races RIA with P4A 
and P5A have been developed. These 
are lines L114-1, L115-1, L123-1, and 
L127-2. 

Combining PCN Resistance 
with Virus and Late-Blight Resistance 

In studies of PCN/virus resistance, 66 
clones with -in average yield of 
1.6 kg/plant were selected at Huancayo 
and 9 clones with an average yield of 
0.78 kg/plant were selected at Cajamar
ca. At Huancayo, 60 clones were selected 
for PCN and late-blight resistance, and 9 
clones were selected at Cajamarca. Of 
the clones at Huancayo, 21 were found 
susceptible to race P4A, but resistant to 
P5A; 17 were resistant to P4A, but sus
ceptible to P5A; and 22 were resistant to 
both races. This finding indicates that the 
existing genes accumulated for resis
tance to P4A and P5A can be used effec
tively to combine PCN resistance with 
other traits, because the inheritance of 
double resistance is relatively high. The 
best strategy to combine these resistan
ces is being investigated. Studies were 
made of PCN in relatien to the nema
ticidal activity of metabolites extracted 
from the bark of Uncariatornentosaand 
from the leaves and stem of Ncrium 
oleanderfrom Peru, and from the foliage 
of Lonchocarpus sp. from the Philip
pines. Diluted aqueous and ethanol ex
tracts of U. tomentosa became toxic to 
G.pallida within 24 hours, whereas the 
aqueous and chloroform extracts of Lon
chocarpussp. became toxic to nematodes 
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48 hours after exposure. Nerium oleander tive, the use of this approach would sig
extracts were not toxic. Further experi, nificantly reduce the need for toxic 
ments are planned in the field. If effec- nematicides. 

Root-Knot Nematode (RKN) 
The main objectives of our root-knot 
nematode research are 1) to screen for 
and utilize resistance to Meloidogyne 
incognita, and 2) to identify the compo-
nents of integrated root-knot nematode 
management and interrelationships of 
this nematode with other organisms. 

Scrtening for and Utilization of 
Resistance to RKN in Potato 

A total of 2,670 seedlings were tested 
representing 33 progenies produced by 
crossing 5 Meloidogyne susceptible 
females with 4 resistant 2x clones, 2 sus-
ceptible 2x clones and 1 susceptible 4x 
clone. Few resistant progenies were 
found. Other tests of resistance were 
made of 2,580 seedlings representing 35 
progenies of 4x-2x crosses, and 1,990 see
dlings representing 9 progenies of 4x 
crosses, which were developed by cross-
ing previously selected resistant materialwith those developed for adaptation to 
warm tropics. The frequency of resistant 

Th frquecywarmtroics f rsisantmade of the effects on.ALinognita of onesegregating genotypes in these crosses 
also was lower than expected. However, 
in other studies involving progeny of 4x-
2x crosses, a high level of resistance toRKN has been identified. 

In retesting the reaction of 743 pre-
6iously selected clones (97 from 2x cros-
ses, 213 from 4x-2x crosses, and 433 clones 
from 4x crosses to A. incognita) the lowest 
incidence of resistance was noted in the 
clones of 2x crosses. Although clones of 
4x-2x crosses retained their high degree of 
resistance, many clones 'rom the 4x crosses 
also showed a good degree of resistance. 
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A total of 81 RKN-resistant clones 
developed by 4x-2x crossing of s;.scep
tible female and resistant male pro
genitors were retested to confirm 
resistance. Temperatures were 4C to 6C 
higher than previously and most of the 
genotypes became susceptible when 
retested at this higher temperature. This 
finding suggests the need for stand
ardization of the temperature regimes 

during the screening process (see Table 
5-1 for temperature conditions and plant 
reactions). Additional sources of rcsis
tance were found in five 2x clones with 
Solanum multidissectuin, S. bukasovii, 
S. canasense, and S. gourlayi, thus widen
ing the gene base of the 2x population 
used in the breeding program. 

Components of Integrated 
RKN Management 

In isolated field p lots of potatoes planted 
as a first crop at Ica, Peru, studies were 
ma thappfectonMof Pogniaofone 
preplant application of Paecilomyces 
lilacinus at 2 x 101 spores/ha; of organic 
matter (chicken manure) at 6 t/ha; and ofAldicarb at 1.5 kg a.i./ha and 3 kg a.i./ha,
when used alone and in combination. The 
study also investigated the residual effect 
of these treatments on sweet potatoes 
planted as the second crop. Although the 
yields of potatoes in treated plots were 
higher than in those of control plots, the 
differences were not significant. For 
most treatments on sweet potatoes, the 
yields of Afeloidogyne-resistant sweet 
potato cv. Nemafiete were generally sig



Table 5-1. Reaction of some clones selected as resistant to root-knot nematode, Meloidogyne
incognita, during 1988 and retested in 1989. La Molina, Peru, 

1988 evaluation 1989 evaluation 
(Av. temp. 26C) (Av. temp. = 31 C) 

No. of Root 
clones galling index' 1 2 3 4 5 6 
44 1 12 20 8 4 07 
31 2 11 17 1 2 0
 

7 3 2 3 1 0
 

Total = 81 12 31 27 8 3 0 
a I = highly resistant, 2 = resistant, 3 moderately resistant, 4 = moderately susceptible, 5 = sus
ceptibio, 6 = very susceptible. 

nificantly higher than those from the con-
trol plots. No differences were noted in 
the nematode populations for all treat-
ments when measured immediately after 
harvest of each crop; however, the 
nematode population at sweet potato
harvest was significantly lower than that 
of the initial population and of that 
measured after potato harvest. When 
used in an integrated RKN-managcmcnt 
program, the resistant sweet potato cul-
tivars, in combination with other treat-
ments used in this study, will further 
reduce nematode populations. A single 
application of any of these components 
at the beginning of the first crop resulted 
in a residual effect that contributed to the 
yield increase of the second crop. 

Observations of the effect of these 
treatments on the third crop (potatoes)indicated a general pattern of decreasing 

nematode population, which in part may 
be attributed to the use of a highly resis-
tant rotation crop (sweet potato cv. 
Nemafiete). 

Evaluations were made of the effect of 
50 isolates of plant growth-promoting 
Rhizobacteria on development of the 
potato plant and control of RKN. Al-
though the metabolites of all these iso-
latcs were toxic to 4L incognita under 

laboratory conditions, they were not ef
fective when applied to the soil. All the 
bacterial isolates (in the greenhouse) in
creased plant growth, despite nematode 
infection, andafewshowedsome degree 
of nematode control. Most bacterial iso
!ates showed some residual effect as they 
persisted in the soil; they promoted a 
better growth of the next crop than did 
the non-inoculated control. Nematicidal 
activity of 16 fungal species isolated from 
cysts of PCN was evaluated on A. incog
nita, G. pallida, and Naccobus abcrrans. 
These metabolites were very effective in 
killing the G.pallida juveniles; however, 
they were not effective in controlling
RKN, and the metabolites of only 3 fungi
killed 90% of N. aberrans. The data sug

gest some specificity in the biocontrol 
activity of fungi isolated from G.pallidacysts. Further studies should be made toidniyorganisms that produce metabo
itf wi th pru a itais 
litcs with broad-spctrum activity against 

Crop rotation influences on RKN con

trol were studied at Gisozi, Burundi. Best 
results were obtained with Panicun ma'
inmnu as the preceding crop, followed by 
Soightum sp. and finally Sataria sp. and 
Triticum sp. These crops reduced RKN 
populations in soil. 
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Sweet Potato 

Root-knot nematode (RKN), M. incog-
nita, is a major pest of sweet potato in 
many areas of the warm tropics. A total of 
54 clones from the sweet potato germ-
plasm collection were evaluated for resis-
tance to M. incognita, and 8 resistant and 
4 moderately-resistant clones were iden-
tified. At San Ramon, 140 second-genera-
tion clones were tested: one clone was found 
to be highly resistant and 29 were resistant. 

Seedlings of 1,113 genotypes repre-

senting 11 progenies were tested, and 76 
were found to be highly resistant and 106 
were resistant. 

Root-Lesion Nematode 

Assessment was made of the distribution 
of Pratylenchus spp. in Peru, and methods 
for management were studied. A total of 
174 root and soil samples were collected 
from La Libertad, Ancash, Lima, Ica, 
Cerro de Pasco, Junin, Huanuco, Ayacu-
cho, Cuzco, andPuno.Theywereanalyzed 
to detect Pratylenchus spp., and the fol-
lowing percentages were found: P.flak-
kensis (46%), P. penetrans (20%), 
P.brachycunts (12%), P. scribneri (2%), 
P.zeae (8%), P.coffeae (15%), and 
P. crenatus (3.5%). Small percentages of 
P. andinus, P. inacrostyhts, P. neglectus, 
and P. vulus also were found. Of 5V 
plant species tested, all (]enopodiaceae, 
Liliaceae, Tropaelaceae, and Urn-
beliferaceae were resistant. Plant species 
Chenopodium ambrosioides, Tagetes 
Ininuta, and Tagetespatula were resistant 
and antagonistic to P. flakkensis. On the 
Peruvian coast, sweet potato, cotton, 
peas, and beans were effective in crop 
rotation studies and in the Andean high-
lands, oats, barley, lupine, and wheat were 
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In a retest of the material previously 
selected in a seedling screening test, 22 
out of 32 clones tested retained their high 
degree of resistance, while 7 out of 14 
were rated as resistant in the retest. 
Higher greenhouse temperature during 
the retest, (4C to 6C higher than that of 
the initial test) may account for this loss 
of resistance. Nevertheless, results of the 
above two studies indicate that the seed
ling screening method is efficient. The 
resistance ( f 131 clones of Ipomoea tri
fida was tested in another screening testand 5 ihyrssatad4 eitn 

n57 highly resistant and 43 resistant 

identified as useful crops for rotation to 
reduce populations of this nematode. 

The protein patterns of false root
knot nematode, Nacobbusaberrans, were 
studied to identify races. Electrophoretic 
studies indicated no differences in 
protein patterns of these nematodes 
when grown on roots of potato or tomato 
plants. However, the protein patterns 
differed among populations collected 
from different regions of Peru. Extrac
tion and inoculation methods for this 
nematode have been developed. The 
taxonomy of a new plant-parasitic nema
tode attacking potatoes in Peru also is 
being studied. Examinations of root sec
tions revealed that these nematodes 
penetrated and moved inter- and intra
cellularly along the root axis in the corti
cal tissue parallel to the stelar region. 
Necrosis was usually limited to the cells 
adjacent to the nematode. Further 
studies to identify this new nematode are 
in progress. 



Insect and Mite Pests 
This research identifies useful control 
components for an integrated pest 
management (IPM) strategy to reduce 

Potato Tuber Moth (PTM) 
Screening for Resistance 

In an initial test, tubers of 65 advanced 
clones with high densities of glandular 
trichomes types A (4-lobed) and B (long-
stalked with sticky droplets) were tested 
using the closed container test, and seven 
ofthese clones were selected as resistant-
Of these seven, clones T86H735.8, 
T86H748.3, and TA14.6 had high levels 
ofantibiosiF. In a second test, laboratory 
and storage tests were conducted to 
reconfirm resistance in 190 clones from 

injury caused by major insect and mite 
pests that infest potato and sweet potato. 

populations P82, P83, P85, OCH6579, in 
hybrids selected for resistance to 
Australian PTM population, P87, in 
clones selected for the Colombian PTM 
population, and in clones with high den
sities of glandular frichomes. Emphasis 
centered on identifying clones with high 
densities of glandular trichomes and 
tuber resistance to PTM. In laboratory 
tests, 32 clones were selected as resistant. 
In storage tests, 79 clones were selected 
as moderately resistant (Table 5-2). 

Table 5-2. Reconfirmation of resistance to potato tuber moth, Phthorimaea operculella, for clones 
selected between 1982-1987. La Molina and San Ramon, Peru. 

Laboratory test Storage test 
Potato 
popula- No. No. Resistant 

Moderately 
resistant No. No. 

Moderately 
resistant 

tionsa evaluated selected (R) (MR) evaluated selected (MR) 

P 82 5 1 1 5 0 -
P 83 8 6 2 4 8 8 8 
P 85 6 5 1 4 6 5 5 
P87 61 19 3 16 61 21 21 
OCH 6579 11 3 3 11 2 2 
PALM 31 15 5 10 29 16 16 
PASR 27 15 4 11 27 1 1 
PA 34 26 14 12 37 22 22 
PC 3 3 2 1 3 3 3 
PT 3 2 1 1 3 1 1 

Total 189 95 32 63 190 79 79 
a Acronyms used by breoders. P82-87: PTM population developed in 1982, 1983, 1985, an J 1987. 
PA LM: Hybrids with resistance to Australian PTM selected in La Molina. PA SR: Selectec. in S,'n 
Ramon. PA: Hybrids with resistance to Australian PTM. PC: Clones resistant to Colombian P1 M. PT: 
Hybrids developed for glandular trichomes resistant to PTM. 
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This pcpulation has a broad-based 
resistance to PTM populations from 
Australia, Colombia, and Peru. In a third 
test, 401 clones selected in the field from 
the second clonal generation P87 were 
evaluated in storage at San Ramon and 
75% of the clones were selected for resis
tance. This high level of segregation for 
resistance reflects substantial progress in 
the breeding program. Resistance has 
now been increased through careful 
selectio, and most of th -selected clones 
are high-yielding, averaing more than I 
kg/plant. Siblings P85072.3 and P85072.4 
showed the greatest ability to transmitresistance. 

Resistance at the diploid level was 
studied in 111 clones, and a total of 16 
were selected as resistant. In Colombia, 
tests were made of potato clones obtain-
ed from Cornell University and CIP 
breeders. Pupation in some of these 
clones was substantially reduced (Fig. 5-1) 
and a total of 120 clones have been 
selected and are beingscre -ned for resis-

!~~~~~~.. .. ... . . 

a a a a 

tance to other insect pests. At Cornell 
University, additional trichome clones 
havc been developed from callus culture: 
clones 4001, 4029, 4038, and 4040. These 
clones show promise for transmitting B 
aroplets in backcrosses. 

Biological Control 

Further evaluations have been made of 
the granulosis virus (GV), the bacteria 
Bacillus thuringiensis (BT), and the 
parasitoid Copidosotasp. The formula
tion of GV plus talc stored at C for 6 
months was compared with the formulation stored for the same pcriod at 21C +
2.5C (room temperature), and with the 
freshly prepared GV formulation. All 3 
formulations were effective, indicating 
that GV does not F-se its effectiveness 
when stored at room temperature. The 
effect of talc alone was investigated at 
levels of 1gm/kg, 3gm/kg, and 5gm/kg of 
stored potatoes. Levcls of talc at 3 gm/kg 
and 5gm/kg affected larval development 
and damage; pupation was reduced by 

No. of pupae 
. . F... . 20 

b -

-- 15
 

. 10 

5 
a a a 

87-11-10 L-237-58 87-11-3 TM-2 1237-52 87-11-4 TM-1 Cridia 

Improved clones 

Figure 5-1. Results of a test using the closed container test for resistance 
against the PTM. All the new clones behaved as resistant when compared with 
the check Criolla cv. Duncan's Multiple Range Test (P<.05). 
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59%, and the number of holes in tubers 
wasreducedby76%.PTMlarvaeontalc-
treated tubers fell off or showed coated 
blocked spiracles and mouth parts. In 

with untreated tubers, the 5 gm/kg dose 
reduced tuber damage by 727, sprout 
damage by 59%, and PTM population by 
78%, whereas talc alone reduced tuber 

'1.sts of formulations of BT anJ GV in damage by 49% and sprout damage by 
solution and powder form, the most ef-
fective were BT applied as dust, BT plus 
talc, GV plus talc, and talc alone. For all 
treatments, PTM damage and pupation 
was substantially less than that o the un-
treated tubers (Table 5-3). 

Instudies of the interaction between
studie theof itpidosna etwe 
PTM, the parasitoid Copidosoma sp., 

and GV larvae of PTM emerging from 
parasitized PTM eggs were placed on 
GV-treated and untreated tubers. The 
pupation percentages were: 29.3% foc 
PTM from parasitized larvae, 5.2% for 
GV alone and 0.4% for both GV and the 
parasitoid. In storage, GV plus talc and 
talc alone were tested at rates of 1gm/kg 
to 5 gm/kg of potatoes. In comparison 

46%.
 

In San Ramon stores, GV and the in
secticide Deltamethrin (Decis) were 
tested as liquid and dust formulations, 
and both reduced tuber damage by over 

90%, as compared to the check. Deltamethrin E.C. was not effective. In the 

field, GV was compared with the biologi
cal insecticide BT (Bactospeine W.P. 
0.2%) and the carbamate insecticide 
Methomvl (Lannate 0.4%). Both GV and 
BT were as effective as Methomyl in 
reducing PTM larval infestation. In com
pari-ons with untreated plants, the 
reductions were: GV,61%; BT, 71%; 
Methomyl, 100%; and GV plus BT, 74%. 

Table 5-3. Effect of different formulations containing Bacillus thuringiensis (BT) and Granulosis virus 
(GV) on potato tuber moth damage and development. La Molina, Peru. 

Treatments 

Bacillus thuringiensis (BT) 
Bactospeine 0.2% W.P. 
Bactospeine 0.2% W.P. (as 
Bactospeine + talc 

sst) 

Granulosis virus (GV) 
+ talc 
GV with water 

Talc alone 
Check 

SD 
CV % 

WHoles' 
per 

tuber 

-x Pupae' 
!jer 

tuber 
Damage' 

irlex 

2.50 de 
0 a 
0.50 ab 

0.40 a 
0 a 
0 a 

1.00 a 
1.00 a 
1.00 a 

1.40 bc 
3.40 e 

0.10 a 
0a 

1.00 a 
1.30 a 

1.60 cd 
4.40 f 

0.70 a 
6.80 b 

1.10 a 
2.50 b 

0.35 
17.76 

0.27 
9.44 

0.12 
25.47 

aMeans followed by different letters are significantly different using Duncan's Multiple Range Test 

(DMRT) P< 0.05. 
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Methods to mass rear GV-infected 
larvae were studied by spraying GV in 
three concentrations (1,10, and 20 GV-
infected larvae/liter of water) in potato 
plants infested with PTM and maintained 
in 3m x2m field cages. The optimum dose 
for obtaining maximum GV-infected lar-
vae was 10 larvae/liter of water. At this
dosage, 91% of larvae in foliage were 

the heaps. All treatments provided good 
control (less than 10% damage com
pared to 25% to 60% for untreated 
tubers). Seven treatments were found to 
be equally or more effective than the 
chemical insecticide K-Othriiie. Of 
these, the combinations of BT-talc, BT
lime, GV-BT-talc, and GV-BT-lime 

f lrvaeindosae, 1% olige erewere the most effective. Both GV and BT 
infected. An average yield of 35 infected 
larvae per plant was obtained, 

In Colombia, laboratory facilities have 
been established for mass rearing of 
PTM parasitoids Copidosoma desantisi 
and Cheloinis plthorimeae.Other para-
sitoids of Trichogranna spp. are also 
understudy. At Kafr El Zayat, Egypt, GV 
and BT were tested in storage, and tuber 
damage with the GV+BT+talc treat-
ment was less than 10%, whereas damage 
in untreated tubers exceeded 60%. 

In Tunisia, integrated control studies 
continued with the evaluation and refine
ment of control comp" nents and techni-
ques and examination of the population 
dynamics to optimize IPM strategy in 
storage. The efficacy of GV (Tunisian 
isolate) and BT (Bactospeine) separately 
and in combination was studied, using 
selected dry carriers (talc or lime) at 
preestablished initial rates of infestation 
in potato heaps of 200 kgs, which were 
surrounded by thick straw. Regression 
analysis indicated that the treatment ef-
fects on populations of PTM differed 
(P < .05) at one month after storage. At 3 
months, the PTM population stabilized 
without further increase. Only a slight 
increase in infestation occurred in the 
control treatment after the first month. 
The general lack of infestation was at-
tributed to both good isolation provided 
by straw and to high populations of 
predatory mites, beetles, and spiders in 
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werewere obtainedte o fciv t ansources:BTfrom Tunisian 
the BT from a commercial producer of 

Bactospeine ($2.89/kg), and the GV from 
rearing facilities at INRAT (produced at 
a cost of $0.03 per diseased larva). The 
GV-producing facilities at this center are 
non-commercial. The costs for one-ton 
storage were: GV-talc, $4.67; GV-lime, 
$2.17; Bactnspeine, $8.67, and the insec
ticide K-Othrine, $18.33. The production 
of GV is very economical in relation to 
the cost of comm, rcially available insec

ticides. 

Sex Pheromone 

When 2 formulations of sex pheromone 
(PTM1, 0.4 mg + PTM2, 0.6 mg; and 
PTM1, 0.9 mg + PTM2, 0.1 mg) were 
compared in water traps at La Molina, 
Peru, no significant differences were ob
served in trap captures during the first 8 
months. However, the PTM1, 0.4 mg + 
0.6 mg formulation captured more PTM 
after 8 months. In Tibaitata, Colombia, 
the triene component of this pheromone 
attracted more male moths than did the 
diene (P<.01). No differences wre ob
served in trap capture when dicne and 
triene were blended in proportions of 
10:40; 20:30; 30:20; and 40:10. However, 
lower levels of triene resulted in lower 
trap captures. Such data are useful in 
identifying the optimum pheromone 
blend for monitoring PTM. 



In Burundi, PTM populations were 
monitored using sex pherome traps at 
Gisozi, Nyakararo, Munanira, Mwokora, 
and Mahwa from September 1988 to 
August 1989. The highest captures of 10 
to 14 moths/trap/week were observed be-
tween November and December in the 
fields and stores at Nykararo. In fields at 
Mahwa, the PTM population was high 
during May-July (8-20 moths/trap/ 
week). In Ethiopia, trapping counts were 
made at the Holetta Research Center, 
where the moth populations were low 
(month/trap/week). These data help in 
developing recommendations for timely 
application of insecticides to control this 
pest and for adjusting planting and har-
vesting dates to coincide with low PTM 
populations. In Egypt, wire-screened 
stores with pheromone and light traps 
gave the best protection. 

Leafminer Fly 
In field evaluations of 137 clones at La 
Molina, Peru, 11 were selected as mod
erately resistant to leafminer fly with 
clones 282 and 220 yielding more than 1.2 
kg/plant. In a second test, 10 clones pre
viously selected from the TPS breeding 
program were reevaluated, and 7 were se
lected (136,662, 731, 661,28,25, and 33). 
Clones 136, 661, and 28 yielded more than 
900 gms/plant. The clones Monserrate, 
Kinigi, and Mariva, which had been selec
ted earlier for resistance, were reeval
uated and their resistance reconfirmed. 
Andean Potato Weevil 

In Peru, a total of 26 clones from the 
population developed for high altitudes 
was tested for resistance, using the 
closed-container test, and 15 clones were 
selected, some of which are resistant to 

Left: Andean weevil Premnotrypes spp. larvae and pre-pupae found in a potato store. Right: Tubers 
showing Andean weevil damage. 
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frost and late blight. Of these clones, 
85F46.J, 85F108.3, 380495.1, and 
85LB70.5 yielded more than 2 kg/plant. 
A storage trial was conducted at Chin-
chero, Cuzco, Peru using the fungus 
Beauveria sp. as a biological control 
agent. This fungus was effective in con-
trolling all stages of the weevils, emerging 
from the stored tubers. Nine isolates cf 
Beauveria sp. have been collected from 
different locations in Peru and are now 
being identified. Mass rearing methods 
for this fungus have been improved, and 
barley husks have been shown to be the 
best and cheapest substrate. 

rcsistance to thrips and mites, and clones 
T88719, T88764, T88766, T888770, 
T88810, and T88814 were selected. 
Several families also were tested in Puno, 
Peru and 17 were selected for resistance. 

The host range and natural enemies of 
Thripspahniand P.latuswere studied in 
the Philippines. These two pests have 
common host plants: 13 for T. palmi and 
17 forP. iatus.Nine natural enemieswere 
identified for T.pani and 8 for P.latus. 

Sweet Potato Weevil 

In ColomLia, physical barriers (use ofIn Peru, previously selected clones and 
plastic bands 50-cm high) to prevent ac-
cess to adults was effective in reducing 
infestation. Of the insecticides tested, 
Carbofuran (Furadan) was the most cf-
fective as a foliar spiay when applied at 
60 and 67 days after planting. 

Spider Mites and Thrips 

Clones segregating for glandular 
trichome type A and B were evaluated for 
resistance to Tetranychus urticae and 
PoA'Pthagotarsonemtuslatus in field cages at 
La Molina, Peru. From the breeding pro-
gram of Cornell Univcrsity, clones 
J108.1, J115.1, J115.2, and S. ncocardc-
nasiiwere selected for resistance to T. ur- 
ticae. (See thrust photo for glandular 
trichome exudate accumulated on body 
of T. urticae).These clones .,ere su:;cep-
tible when tested for P.latus, indicatingthat resistance to one species of mite may
that berretace to ohe species. ien 
not be correlated to other species. Seven 
families from Cornell Universitywere eval-
uated visually and several clones have been 
selected. A total of 367 clones have beenseleted romCIP ateral.reedng
selected from CIP breeding material. 

In the Philippines, 30 TPS families 
from the T88 population were tested for 
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additional germplasm were screened 
under laboratory and field conditions, 
and clones RCB 171N, DLP2173, and 
DLP2274were shown tobe lessdamaged 
in lab and field tests. Scanning electron 
microscopy (SEM) was used for male 

and female differentiation of Euscepes
postfasciatusadult weevils. In the female, 
the posterior ventral segment was ob
served to be nearly flat, while in the male 
it curves upward. For biological control, 
the fungus Beaumfria sp. has been iso
iated from infected adults and mass 
reared. In greenhouse tests, all treatments 
with Beauveriasp. resulted in higher mor
tality rates and fewer larvae and pupae. 

In the Dominican Republic, 3 trap 
I n e phermon epield 

designs using sex pheromone wcre fieldevaluated for Cylas fornicariuls. The 
water trap was found to be the most ef
fective, and a total of 4,908 C.fonnicarius 
males were caught in a 40-day period. In 
collaboration with CARDI (Caribbean 
AgiutrlDvopetRsacInAgricultural Development Research In
stitute), an integrated management pro
gram for this pest has been initiated in 
Jamaica, St. Vincent, and Barbados. 



Research Contracts 

Research contracts with the Universidad 
Nacional Agraria, La Molina, Lima, Peru 
focused on the control of major potato
and sweet potato pests. Population 
dynamics of L. huidobrensis have been 
studied in potatoes, and high infestations 
were found in September, with para-
sitism varying from 3.3% to 13.6%. In the 
laboratory, selective insecticides are 
being identified through bioassay with 
leafminer fly parasitoids. 

In sweet potato studies, the popula-
tion dynamics of the sweet potato white-
flyBemisiatabaci and its parasitoids have 
been collected for identification. Seasonal 
occurrence of other sweet potato pests
also has been studied. The Centro de 
Introduccion y Cria de Insectos Utiles 

(CICIU) of Peru has collaborated in im

proving the mass rearing methods for the 
polyembryonic parasitoid Copidosoina 
desandsi of PTM. In the Philippines,
collaborative studies with UPLB have 
evaluated the fungus P. lilacinus for con
trol of potato nematodes. Several isolates 
were tested and the isolate from Peru at 
a 2-million spore level gave 68.6% con
trol of G. rostochiensis. At the 4-million 
spore level, this control increased to 
73.4%, and at the 8-million spore level, to 
78.4%. This fungus was also effective in 
controlling root-knot nematode infesta
tion in tomatoes at the 4-million spore 
level. Ultraviolet light and gamma ir
radiation are being used to enhance the 
biocontrol efficacy of P. lilacinus and 
Metarhiziumanisoplae. 

Left: Sweet potato root showing damage caused by the sweet potato weevil Euscepes postfasciatus.
Right: Sweet potato weevil pupa lodged in the flesh of the root. 
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ThrustVI 

Warm-Climate Potato
 
and Sweet Potato Production
 

Thrust Profile: 1990 

Potato clones that yield well under warm climates continue to be sclectcd, and now 
improvements in sustainability ofyields following continuous production and diffused 
light storage (DLS) cycles have also been achieved insome clones. In the Philippines,
clones 384515.9, 385131.52, 385130.8, and 385152.44 have excelled for these charac
ters. 

Sweet potato clones were screened for yield capability at all CIP stations, and at 
salty-environment locations at Tacna, Peru. With the exception of results obtained 
during the hot rainy season at Yurimaguas, early clones produced acceptable 
tuberous root yields. 

To improve sweet potato yields under hot, waterlogged conditions, a new line of 
research has begun to examine the physiology of tolerance to waterlogging. Results 
from the sweet potato drought program have illustrated the importance of maintain
ing a good foliage cover over the soil and of an early storage-root formation. Drought
studies in potato have identified clones that can avoid drought (large root systems, 
e.g. clones P-3 and P-7) or escape drought (early tuberizing clones, e.g. cv. Berolina).
Under conditions of increasing drought, resistance has now been confirmed for the 
cultivars Huinkul, LT-7, and MS-35.27.R. The relationship between lethal and sub
lethal relative water contents of leaves and chlorophyll fluorescence and the ability
of clones to withstand drought is now being studied, to rapidly screen genotypes for 
drought tolerance. Problems with salinity are often confounded with those of insuffi
cient water supply, especially in marginal desert regions. A series of experiments with 
the cultivars Atica, Alpha, and Nicola have shown them to be relatively tolerant to 
saline irrigation water. 

Alternative crops to maize (e.g. sunflower) were successfully used to shade the 
early autumn potato crop in Egypt; shade-tolerant cultivars were identified for strip
cropping in China. Additionally, advantages of pest control through intercropping
practices have been quantified in Southeast Asia. 

Studies of sweet potato clonal response to a range of artificial shade levels have 
illustrated the shade tolerance present in sweet potato germplasm, and have sug
gested the possibility of selecting clones specifically for intercroppit g. 
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Agronomic and Physiological Research
 

Drought and Salt Tolerance 

Potato.Drought limits potato production 
in at least 20 of the 44 countries included 
in the constraints survey (Thrust X), and 
therefore merits intense research atten-
tion. In particular, drought is a serious 
limitation to winter production of potato 
in the lowland tropics, where the crop 
coincides with the dry season. In addition 
to field selection for yield done in col-
laboration with national programs, which 
often. takes into account exposure to 
drought, specific studies have been made 
of physiological and genotypic responses 
to drought in Peru and the Philippines, as 
well as in contract research at the Scot-
tish Crops Research Institute (SCRI), 
and in collaboration with the Volcani 
Center in Israel. Data collected will assist 
CIP and national programs to decide on 
1) screening strategies that can confi-
dently identify drought-tolerant 
genotypes, and 2) irrigation strategies 
suitable for localized production condi-
tions. 

Drought-resistance evaluations based 
on yield and root-pull resistance (RPR) 
continued in Peru. Physiological age of 
the tubers at planting was a major con
tributor to the location, season, and year 
effects. Five traits (foliage dry weight, 
number of nodes and stolons, and root 
and stolon dry weight) were closely re-2 
lated to RPR (r = 0.765). Additionally, 
tuber weight was related to RPR in early 
clones. In these trials, under conditions 
of increasing drought, resistance was 
confirmed for the cultivars Huinkul, LT-
7 and MS-35.27.R, whereas BR-65.15, 
Cruza-27, Haille, and MEX-21 were 
rated as moderately resistant. In a field 
trial comparing the influence of two sub- 
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surface irrigation systems under varying 
degrees of drought stress, abaxial stoma
tal resistance increased with stress, while 
adaxial resistance increased to an even 
greater extent. Stomatal resistance and 
stomatal density increased, suggesting a 
reduction in water loss and a capacity for 
efficient water use. Measured over time, 
leaf water potential became more nega
tive, suggesting an increase in the ievel of 
tissue stress. 

Inthe lowland Philippines, fourclones 
subjected to drought stress, by withhold
ing irrigation for 30 to 50 days after plant
ing (DAP), showed uniform responses of 
reduced height, branching, canopy cover, 
and rooting (weight, length, and num
ber). The two clones with S. andigena in 
their ancestry (P-3 and P-7) produced 
the most roots, which grew down to 60 
cm. However, Bcrolina, the earliest 
maturing cultivar (which had a root num
ber similar to that of P-3 and P-7) showed 
concentrated root growth in the top 
15 cm, especially in the drought-stress 
treatment. This finding suggests that P-3 
has drought-avoidance characteristics, 
whereas Berolina is characterized by 
drought-escape features. 

The response of apical cuttings taken 
from 10 potato clones and subjected to 
control and stressed moisture regimes in 
raised field beds was closely related to 
field response. This finding suggests that 
*hisapproach might represent an economy 
in field space for genotype screening. 
Reduction in dry matter accumulation 
was evident at 30 DAP, and tuber yield 
differences between treatments was evi
dent at 50 DAP. The clones DTO-28 and 
380584.3 showed the least tuber yield 
reduction. Genetic studies must now fol
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low in order to determine the heritability of 
drought tolerant related characters, before 
the development of various drought 
tolerant populations can be implemented. 

Related studies continued under con-
tract at the Scottish Crops Research In-
stitute to determine the combination of 
characters that will improve the exploita-
tion of soil-water resources over the 
cropping season. Genotypes were grown
in vertical pipes, either well-watered or 
with terminal drought. Yield and dry 
matter partitioning to tubers varied be-
tween genotypes, and rates of leaf growth 
were related to available soil-water contents 
The differences in genotypic response to 
drought were not associated with differen-
ces in osmotic adjustment. FurtherWhenmets i determine rther xpen-
ments will dtriewhether thedrought effect can be attributed to water 
supply due to rooting differences, or to 
other factors, such as cell-wall exten-
sibility. Minimum leaf conductance (i.e. 
epidermd conductance to measure min-
imum water loss) and lethal and sub-
lethal relative water content (RWC) values 
were studied in subsidiary experiments,

Genotypes did not differ markedly in 

RWC; however, they differed in the leaf 

number at which lethal RWC values oc-

curred. 


Chlorophyll fluorescence shows 
promise in rapid screening for drought 
tolerance, whereas the use of rooted cut-
tings in a polyethylene glycol-graded os-
motica was disappointing, due to its 
uptake and toxic effect on the plants. 

In Israel, the decreasing availability of 
good quality irrigation water, plus the 
extension of potato production to mar-
ginal (often saline) soils, has focused in-
tense research attention on genotypic 
responses to salinity and irrigation 

methods. This research, funded by the 
Ministry of Foreign Affairs of the 
Netherlands, has been under way since 
1986. Comparisons of differing levels of 
irrigation water salinity (1dS'm2 , 3.5 dS/m2,and 6.6 dS/m2), have shown that yield 
reduction is less with short (2- to 3-day)
irrigation inte-vals than with longer (7- to 

irrigation intervals wh, n to 
same total amount of irrigation water is12-day) irrigation intervals, when the 
supplied over the season. Flexibility of 
the potato root system to search for water 
appears to be limited, thus subsurface 
irrigation close to the plant axis seems 
irable to ge ntpe s s eems 

fering yield responses to various water 
sa2initie (1.4 
sm 2 ). hen dS/m 2, 4.3 dS/m2, and 6.8 

the potato crop was estab
lished with nonsaline, sprinkler-irriga
tion water and then subjected to a salinedr tion yste hect o a rs 
drip-irrigation system, the cultivars 

tica, Alpha, and Nicola, and the clone 
LT-4, were shown to be relatively 
tolerant to salinity, while Baronessa, 
DTO-28, DTO-33, LT-7, Superior, 
D6sir6e, and Cara were susceptible to 
salinity. Sprinkler irrigation with differ
ing treatments of saline water (1.4
dS/m2, 3.8 dS/m2, 5.6 dS/m 2, and 9.3 
dS/m )did not significantly reduce tuber 
yield of potted plants, whether grown in 
saline or nonsaline nutrient solution. 
However, in another experiment, the 
amount of foliage covered with necrotic 
lesions ofAlternariasolani was found to 
increase with an increase in salt con
centration in the sprinkler-applied ir
rigation water. It appears that this 
disease, in combination with Venicilliuln 
dahliae, can enhance the salinity-induced 
decline in plant survival, and therefore 
emphasizes the need to incorporate 
resistance to these diseases in genotypes 
adapted to North African and Mediter
ranean conditions. 
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Results from an additional experi-
ment indicated that the physiological age 
of seed tubers at planting could influence 
genotypic response to salinity. Manipula-
tion of the physiological age of seed 
tubers could minimize the effect of 
salinity on growth and yield, and this will 
be studied in future experiments. 
Results, to date, on the use of saline ir-
rigation water illustrate thc potential that 
the potato crop has to adapt to marginal 
desert lands where supplies of nonsaline 
irrigation water are not available, 

Sweet potato. Line-source and drip-ir-
rigation systems were used during the 
summer in Lima to effect varied irriga-
tion levels, applied at similar frequencies, 
once the crop had been established 
under favorable water conditions. Under 

the line source system, in which irrigation 
ranged from 260 mm to 363 mm during 
the 4-month season, significant yield 
reductions were noted with less irrigation 
water (Table 6-1). It was also found that 
clones producing high yields genera!!y 
had higher leaf-water potentials. Water 
use efficiency (WUE, weight of storage 
root per unit volume of water received by 
the crop) and storage root dry-matter 
contents were greater in drier treat
ments. As in the previous year, there was 
no clone with irrigation treatment inter

action fur storage-root yield, or for 
WUE; therefore, selection for high yield 
under well-watered conditions would 
permit simultaneous selection of drought
tolerant ,ultivars. 

Table 6-1. Effects of a line-source irrigation system on root yield (kg/m 2)of 14 sweet potato clones. 
La Molina, summer 1989. 

Clone code Water application rate (mm) 

Clone name (RCB-) 363 317 283 260 Mef,n 

Chiappe 94-IT 1.29 0.86 1.08 0.92 1.04 
Paramutai 24-IT 1.07 0.95 0.79 0.87 0.92 
De Armero 125-IT 0.88 0.84 0.95 0.79 0.86 
Centennial 20-IF 0.74 0.88 0.53 0.49 0.66 
Guiador 120-IT 0.93 0.50 0.40 0.65 0.62 
Paramonguino 276-IN 0.78 0.77 0.10 0.59 0.56 
Super Star 38-IT 0.68 0.48 0.30 0.26 0.43 
Buon Pobre 72-IN 0.50 0.43 0.36 0.21 0.37 
Maleno 44-IN 0.39 0.33 0.33 0.28 0.33 
San Pedrano 28-IN 0.12 0.40 0.00 0.04 0.14 
Morado 3-IN 0.08 0.14 0.04 0.13 0.10 
Japon~s Portugu~s 64-IN 0.07 0.05 0.08 0.15 109 
De Sal 6-IN 0.11 0.09 0.03 0.03 0.07 
Amarillo de 

Quillabamba 173-IN 0.06 0.05 0.01 0.06 0.04 

Mean 0.55 0.48 0.36 0.39 
SE, clone mean 0.14 p= <0.001 
Treatment mean 0.05 p = <0.05 
Clone x treatment 0.18 ns 

80 Thrust VI 



Table 6-2. Storage root yield, yield components, foliage yield, and expansion rate of leaves and 
petioles (mid-season), for six sweet potato cultivars In four irrigation treatments: 1 = 100%
(477 mm), 2 = 80% (405 mm), 3 = 60% (325 mm), 4 = 40% (249 mm) of estimated 
evapotranspiration. Total evaporation during season = 871 mm. 

Fresh Fresh Total 
storage foliage dry weight Expansion rate (cm d "1) 

root yield yield Ifoliage +Clone Treatment (kg m 2 ) (kg i 2 ) root g; m 2 ) Petlole Lamina 

RCV31 IT 1 1.36 3.14 1.13941 0.89 
Nematode 2 1.12 3.55 859 1.05 0.91 

3 0.63 3.41 705 0.86 0.79 
4 0.92 1.91 669 0.80 0.69 

RCB 120 IN 1 0.39 6.24 1035 1.39 1.12 
Gulador 2 0.38 6.02 975 1.17 0.97 

3 0.16 3.12 563 0.76 0.69 
4 0.17 3.43 563 0.90 0.80 

RC 146 IN 1 1.39 8.82 1312 
Negrito 2 0.87 5.39 950 1.60 0.84 
de Huanco 3 0.83 4.67 1.30833 0.56 

4 0.52 2.83 616 1.31 0.68 

RCB 146 IN 1 1.30 3.00 872 1.32 1.01 
2 1.32 2.77 819 1.09 0.8 
3 0.67 1.79 511: 1.03 0.82 
4 0.35 2.28 0.83619 0.75 

With the drip system, amounts of 
water varying from 250 mm to 477 mm 
were applied to 6 cultivars during the 
5-month season. The well-watered treat-
ment did not invariably produce the 
greatest fresh storage-root yield, but it 
did produce the greatest total dry-matter 
(foliage plus roots) yield (Table 6-2).
Petiole and leaf laminae extension rateswere sensitive to water deficit; however, 
wrealls es, tewaterage dectioev 
for all clones, the average reduction in 
extension rate for well- and poorly-
watered plots (25%) was proportionally 
less than the reduction rate for the plots 
with applied irrigation (48%). 

Irrigation levels of 160 mm, 360 mm, 
and 580 mm were applied to plots of 5 

sweet potato cultivars in the lowland 
Philippines. Drought sensitivity was ob
served only during the early vegetative 
stage, and storage-root yield was sig
nificantly reduced only at extreme mois
ture stress. As at Lima, Peru, irrigation 
greater than 400 mm seemed to be 
detrimental to root yield. The results 
from the Philippine study indicate thatgenotypic ability to tolerate water stress 
depends more on the earliness of 
storage-root formation and bulking rate 
than on crop cover arid root growth at
tributes. 

Data generated in contrasting en
vironments on the physioiogical response 
ofsweet potato genotypes to drought are 
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unique, and provide a base upon which 
to develop breeding and screening 
strategies to improve and exploit drought 
tolerance in the sweet potato. The 
greater ability of the sweet potato over 
that of other crops to prosper under 
drought conditions will favor its exten-
sion to marginal lands. 

In vitro screening of sweet potato 
germplasm for salt tolerance has con-
tinued, but several anomalies remain for 
study. For example, the clone with best 
fresh and dry weight production under 
mildly saline conditions (174mgNaCIi) 
was characterized by the lowest number 
of roots, and of nodes with roots. 

Heat and Shade Tolerance 

Potato. Additional data have been 

analyzed from controlled environment 
studies at Nova Scotia Agricultural Col-
lege (NSAC), Canada, and from contract 
research at Cornell University, U.S.A. 

At NSAC, combinations of low ir-
radiance (250280/mol/m 2/s) and high 
temperature (33C/25C day/night) -as 
found in shaded intercrops of potato-
significantly reduced net assimilation 
rates for the two clones studied, as shown 
by coinparable rates obtained under high 
irradiance, cool-temperature conditions 
(430-450 moI/m2/s and 20C/10C). 
Respiration following 16 h at 30C was 
greater in plants grown under high-light 
and low-temperature conditions, sug-
gesting a greater pool of assimilates 
under the more favorable conditions. 
Data on rates of carbon fixation suggest 
that leaves adapt to higher temperatures: 
the net photosynthetic rate at 30C was 
9.19 mol CO2/m2/s for leaves prc Juced 
under hot conditions, compared to 7.25 
mol for leaves produced under cool con-
ditions. Terminal and variable (peak-
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minus-initial) fluorescence values were 
closely related to total dry weight 
production and growth parameters, and 
may act as indX,.ators for tolerance to high 
temperature and low irradiance. At the 
relatively higher temperatures tested at 
Cornell University (40C/30C), heat sen
sitivity was associated with a complex of 

responses: increased senescence, a 
greater chlorophyll a:b ratio, inhibition 
of dark reactions in photosynthesis, and 
reduced stomatal conductance. These 
data support the hypothesis of a causal 
link between photosynthesis and shoot 
growth at high temperature, while 
countering the evidence of itrelationship 
between heat tolerance and dark respira
tion. Incorporation of a high photosyn
thetic rate appears to Ibethe nc.i siep intheimplementation ofthesecresults to improve 

poduc tii teund e tor iproe 
conditions. This incorporation might be 
estimated by measuring non-photo

chemical quenching of fluorescence, 

which correlated closely with C02-satu
rated rates of 02 evaluation at 25C and 
40C in heat-tolerant and heat-sensitive 
accessions. 

Research continued on intercropping 
as a technique to reduce heat stress for 
potato, particularly at planting and/or 
close to harvest. In Egypt, follow-up 
studies built upon previous successes 
with relay cropping of an early autumn 
potato crop into an existing maize crop. 
This work includes use of sunflower as 
the shade crop and earlier (July 12) 
potato planting dates. Relay cropping of 
potato into either the maize or sunflower 
crops (established 45 days earlier) 
resulted in sinificant improvement in 
percentage cmtrgence measured at 45 
DAP, as well as 6.1 t/ha of maize grain or 
2.1 t/ha of sunflower seed. 



The widespread practice ofstrip crop-
ping potato with maize is important in 
southern and central China. Research on 
this topic continues under contract with 
CIP at the Southern China Potato Re-
search Center, at Enshi in Hubei 
Province. Studies involving variations in 
spatial distribution and population of 
both crops confirmed the advantages of 

potato maturity (Fig. 6-1), which was as
sociated with greater potato plant height 
and increased competition with maize for 
light. New potato and maize genotypes 
must minimize interspecific competi
tion. Further research is necessary to 
determine whether competition is solely 
for light, or whether root competition for 
water and nutrients also exists. 

2:2 and 2:1 row ratios of maize:potato, as 
compared to resu!s obtained with 3- or 
4-row strips. In comparisons of maize 
planting dates, the mid-April planting 
proved best in terms oftotal yield (potato 
plus maize dry yields). Total yield was not 
influenced by nitrogen rates of 160 kg 
urea/ha when applied to each crop grown 
at three altitudes (460 m, 1,180 m, and 
1,700 m). In measurements of the 
response of 16 potato clones to strip 
cropping (1:1 rows at 3.6 plants/m 2 for 
each crop), clones 694-11, 684-1, and 
Xinyu 4 produced yields greater than that 
of the control cultivar, Mira. Maize yield 
was significantly reduced by a delay in 

Y = maize yield (kg/mu) 
1mu = 0.0667 ha 

400 • 

300 

200 

Other trials conducted at Kunming, 
Yunnan Province, compared potatoyields 
as a strip or sole crop in a 2:2 arrangement. 
Of 20 clones, seven (Serrana, Achirana 
Ita, 381064-7, MEX-32, Kufri Jyoti, 
Primicia INTA, and Yunnan Purple) pro
duced greater potato yields when strip 
cropped. Several medicinal and 
vegetable crops were studied to deter
mine their suitability as crops with which 
potato can be intercropped. Intercrop
ping potato and spinach increased net 
returns by 8% to 48% above those ob
tained with potato alone, with the variation 
in returns dependent upon the potato cul
tiv-.r. Potato yields were low when grown 

Y = 395.8876 - 6.0535 X 

0 
6/25 6/30 7/5 7/10 7/15 7/20 7/25 7/28 

X = potato maturity stage (month/date) 

Figure 6-1. The relationship between maize yield and potato maturity date 
for 16 potato cultivars when planted as a 1:1 strip crop, Enshi, China. 
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with the other crops (rhubarb, figwort, 
tobacco, duhuo, and rue). In a rotation 
trial, the findings (5.1 t/ha vz 4.1 t/ha, 
LSD = 0.8 t/ha) indicated the benefits of 
reversing the strip rotation (i.e. planting 
maize in the second year, where potato 
had been planted previously, and potato 
where maize had been planted). However, 
yields were not as high as those obtained 
when the stip cropping followed a lone 
maize crop (8.3 t/ha) or an autumn 
vegetable crop (8.2 t/ha). 

New varieties and agronomic proce-
dures introduced to existing intercrop-
ping practices could have important 
compensatory consequences for overall 
yield and stability of the crop associa-
tions. However, the research under con-
tract in China has introduced new 
innovations in isolation (e.g. changing 
planting dates, varieties) without 
detrimental effects, and these must now 
be fully tested by farmers, 

To take into account the difficulties of 
acquiring adequate supplies of seed 
potatoes in Maharashtra State in India, 
collaborative work with the National 
Agricultural Research Project in Auran-
gabad has recently focused on the use of 
seedling tubers as planting material in the 
intercropping of potato and preseasonal 
sugarcane. Intercropping treatments 
tested four hybrid populations of seed-
ling tubers, three tuberlet sizes (5 g-10 g, 
10 g-20 g, and 20 g), and two intra-row 
spacings (7.5 cm and 15 cm). None of the 
treatments significantly influenced cane 
growth characters and sugar production, 
and tuber yields (10.2 t/ha to 12.1 t/ha) 
vere similar to those of the cultivar Kufri 

Chandramuki (12.3 t/ha). During the two 
years of experiments, the best monetary 
returns were obtained with the largest 
seed tubers and closest intra-row spac-
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ing. Approximately 16 g of TPS was 
necessary to produce 550 kg of seedling 
tubers on 156 m2 of nursery beds, which 
is sufficient for planting a 1-ha field of 
sugarcane. 

In the Philippine lowlands, variable 
planting dates of sweet corn after potato 
(0 to 30 days , at a constant population of 
5.6 plants/m for each, did not influence 
early potat ) growth or reduce tuberiza
tion. However, the resultant severe shad
ing of up to 70% during the later part of 
the crop significantly reduced potato 
yields. The square plot planting arrange
ments for maize planted simultaneously 
with potato 5.6 plants/m2 ofpotato and 
2.8 plants/m to 8.5 plants/m of maize) 
increased shading and reduced tuber 
yields compared with yields from plant
ings arranged in rectangular plots. Data 
from various experiments in which maize 
was the shade crop indicated that daily 
radiation levels of MJ/m 2 in shaded 
potato plots were insufficient to sustain 
rapid tuber bulking. 

Sweet potato. Sweet potato is fre
quently intercropped in tropical farming 
systems, often with low populations of 
maize. An experiment in the Philippines 
investigated varietal suitability for inter
cropping with maize. A sharp yield 
decline of tuberous roots was not evident 
within the sweet corn populations tested 
(8:1 and 4:1 ratio of sweet potato:maize 
plant populations) which suggests that 
sweet potato genotypes are unifoimly 
tolerant to low shade levels. Sweet corn 
yields (< 1ears per plant) were low, how
ever, which maybe due to severe competi
tioi. by thr sweet potato, and to the lack of 
adequate nitrogen. 

At Yurimaguas, Peru, in intercrop
ping trials of sweet potato and maize that 



maintained the single-crop sweet potato 
population, while planting maize at 
populations ranging from 0.62/m 2 to 1.85 
plants/m ,a significantly greater dry yield 
of tuberous roots was obtained, as corn-
pared with that obtained with sweet 
potato grown alone. Of the 30 clones 
tested under these varied shade inten-
sities, few outyielded the control clone 
Jewel. Relay cropping of a full-popula-
tion maize crop into a full-population 
sweet potato crop (45 days after planting 
sweet potato) reduced tuberous root 
yield of 30 clones by an average of 35%, 
mainly due to reduced individual storage 
root weights. Dry weight of foliage was 
reduced to a greater extent (47%). How-
ever, some clones suffered less yield
reduction than did the control clone 
Jewel, and might represent potential 
sources for shade tolerance, 

in an experiment in the lowland 
Philippines, with artificial shade applied 
from date of planting, an interaction was 
noted between shade treatments (0% to 
70% reduction in solar radiation) and 
genotypes, suggesting that clones may be 
specifically selected for their perfur-
mance as shaded intercrops. Experi-
ments are under way to determine the 
feasibility of field and laboratory screen-
ing for shade tolerance, and of the poten
tial for sweet potato as an agroforestry 
cover crop. 

Agronomic Practices 
to Alleviate Other Stresses 

Potato.In Southeast Asia, the production 
of good quality seed in the highlands is 
limited by the presence of soilborne pests 
and diseases. Opportunities to exploit 
new highland areas are limited. Thus re-
search is emphasizing the production of 
seed tubers in rice paddies, despite the 

contingent production problems. 
Restricted root growth has been al
leviated by turning under the rice stubble 
before forming the traditional beds for 
potato production: yields were 1.26 
kg/m2 as compared with 0.85 kg/m 2 ob
tained without stubble incorporation. 
Plant population densities influenced 
yield significantly, with yields ranging 
from 1.17 kg/m 2 at 4.6 plants/m 2 to 1.53 
kg/m 2 at 6.4 plants/m . High rates of 
nitrogen fertilizer application (120 kg/ha 
to 480 kg/ha) are being studied as a fol
low-up to findings that dosages (600
kg/ha) typically applied to shallots (Al
liunm cepa) can vastly improve foliage 
growth and crop cover. 

Pests and diseases seriously limit ware 
potato production in the warm-clirnate 
cropping systems of Southeast Asia. The 
stabilizing effect of intercropping on pest
incidence has been recommended to 
reduce pesticide usage. Intercropping in 
close proximity with shallots reduced in
sect populations (particularly aphids) in 
the potato c:op in both 1988 and 1989, 
but also led to an increase in the popula
tionofthrips.Combinationsofintercrop
ping and pesticide usage are now being 
studied to provide better control of per
sistent pests. 

Pests, in particular white fly (Beinisa 
sp.) and thrips (Thnps tabaci), are also 
important in the lowlands of the 
Dominican Republic, where potato is a 
newly introduced crop. Intercropping is 
being studied as part of an integrated
control program. Where pests are not a 
r. " Lm, yields with readily available cul

tivars (e.g. Red Pontiac, D6sir6e, 
Achirana INTA) reached a maximum of 
24 t/ha, with average yields rangi"7 from 
9 t/ha to 20 t/ha. Interest in development 
of a chipping industry prompted experi-
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ments financed by Frito Lay (FL), using 
the clone Atlantic and two FL clones. 
The yields obtained were equal to, or 
better than, those of the control cultivar 
Kennebec, and were unaffected by fer-
tilizer composition (15:15:15 vs 12:30:12 
N:P:K) or within-row spacing (31 cm vs. 
23 cm). This finding suggests that tradi-
tional farmer practices do not have to be 
greatly adapted to accommodate the new 
cultivars. 

In India, studies were made of poten-
tial for use of plant-growth hormones to 
improve tuber yields and stress tolerance 
of potato. During 1987-1988, sprouted 
tubers of Kufri Bahar were treated with 
two concentrations of GA3, CCC, S3307, 
and Triadimefon (TFN). Yields from 
tubers treated with CCC (25 ppm) and 
TFN (5 ppm) outperformed the control 
yield (20.5 t/ha) by 3 t/ha to 5 t/ha. The 
yields from seed tubers retained and 
stored after harvest also benefited from 
applications made in the previous 
seasons. In 1988-89, direct application of 
TFN to sprouted tubers did increase 
tuber yield; however, the application 
stimulated an increase in tuber number 
per unit area. Further studies are being 
made of the interaction between environ-
ment and seed treatment. 

Sweet potato. Sweet potato is often 
grown on marginal soils and the crop is 
subject to stresses other than drought. 
Inorganic fertilizer is seldom applied to 
sweet potato. In Peru, a free-living, 
nitrogen-fixing bacteria, Azospirillun, 
was shown to significantly increase 
tuberous root yields of sweet potato (by 
up to 200%), when grown in pots contain
ing 3 kg of sterile coastal soil. In a field 
experiment at San Ramon, the effects of 
inoculant Azospirillum were compared, 
using two cultivars at three N fertilizer 

86 Thrust VI 

rates (0 kg, 80 kg, 160 kg N/ha). The 
cultivars differed in their N require
ments, and even at high inorganic N ap
plication rates, yield benefits from 
Azospirillum were still evident. Inorganic 
N fertilizer applications, much of which 
pollutes the environment, could be 
reduced through leaching or utilization. 
Further research is under way to quantify 
the N contribution of variousAzospiiillum 
accessions. 

Twelve experiments were run in coas
tal Peru, under zontract with the Nation
al Agrarian University, to study the 
nutrient requirement for sweet potato. 
Coefficients of variability were high, 
ranging from 15% to 30%, as is common 
in sweet potato experiments. On the 
slightly alkaline loamy soils (which have 
low levels of organic matter and total N, 
high levels of P and K, and no salinity 
problems) application of 5 t/ha of farm
yard manure provided sufficient 
nutrients to sustain yields of 20 t/ha to 30 
t/ha. Responses to formulation or dosage 
of N (0Kg to 120 kg N/ha), P205 (0 kg/ha 
to 180 kg/ha), or K20 (0 kg/ha to 200 
kg/ha) did not differ significantly. At the 
lowland Amazon site of Yurimaguas, 
sweet potatc yields on limed soil did not 
respond to N application rates of greater 
than 30 kg/ha. These results on contrast
ing soils confirm the efficient nature of 
the sweet potato crop in exploiting the 
soil for nutrients, and the need for mini
mum inorganic fertilizer application. The 
role of Azospirillum, or other non-as
sociative N-fixing rhizobacteria in 
providing N to the sweet potato crop, 
cannot be discarded. 

During the tropical rainy season, 
sweet potato is often subjected to water
logging, a stress for which it is poorly 
adapted. This characteristic limits the 



year-round availability of sweet potato 
and other tuberous root crops in many 
tropical areas. Therefore, research is 
under way to assess the physiological 
response of young sweet potato plants to 
waterlogging, and to develop suitable 
techniques to help identify tolerant 
genotypes. These studies show that leaf 
abscission was enhanced after longer 
periods of waterlogging (up to 6 days), 
while stem extension was promoted, and 
foliage dry matter content (%), and tuber 
dry weight were reduced. Response 
trends for other variables (e.g. shoot dry 
weight) measured on the five genotypes 
were not well expressed, and genotypes 
did not differ significantly among them-
selveF. CIP's aim is to identify tolerant 
genotypes within the germplasm collec-
tion that can be used for crop improve-
ment or for immediate field production 
under waterlogged conditions. 

Clonal Selection 

For potato and sweet potato, earliness is 
an important character that gives both 
crops the flexibility to adapt to the range 
of cropping systems found in the tropics. 
This character, in combination with the 
maintenance of high cooking quality, has 
received much attention in the past in 
potato selection. Intensive selectior 
pressure for this character is being ap-
plied in the sweet potato program. 

Potato 

Peru. Bacterial wilt at San Ramon 
seriously affected survival and yield of a 
set of clones (20 tubers/clone) planted 
during the rainy season of 1989. As in 
previous years, some clones (e.g. CFK-
69.1, 377250.7, LT-7, and Atlantic) were 

Although the sweet potato crop is 
robust at the time of planting, un
favorable conditions (e.g. lack of soil 
moisture) at planting can seriously delay 
establishment and reduce plant stand. A 
series of short-term experiments (ter
minated 30 days after transplanting), sug
gested the following recommendations. 
When drought-stressed, a stem length of 
30 cm (vs. 15 cm, 20 cm, or 25 cm), with 
10 cm to 15 cm covered by soil, produces 

e most vigorous growth, an important 
asset in combating early-season weedcompetition. Advantages of dipping cut
tings in a dissolved root hormone (NAA 
and IBA) were cultivar-dependent, but 
use of prerooted cuttings was of no 
benefit to any cultivar when planted 
under stem water conditions. Drought 
during establishment significantly 
reduced stem weight, and leaf weight and 
area. Root number and weight showed 
similar, but non-significant, trends. 

prevalent among the parents of selected 
clones. Favorable temperatures (31.8C 
day/16.8C night, average) and planting 
on clean soil promoted high yields for 
clones of CIP's pathogen-tested list 
during the dry season at San Ramon. The 
data for the past 5 years' testing of 
pathoger-tested clones have been sum
marized, and clones adapted to the mid
elevation tropics have been designated 

on the pathogen-tested list. Some of the 
clones adapted to San Ramon were tested 
at Yurimaguas during the dry season. 
Bacterial wilt was found at 40 DAP and 
later, leading to yield reduction in some 
clones. However, some clones (e.g. 1-822, 
CFS-69.1, and 379686.3) produced yields 
in excess of 1,000 g/m2 , and all 30 clones 
evaluated are being retested in 1990. 
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At Tacna, in southern Peru, salinity is 
a stress additional to that of high tempera-
tures. Of 350 PVY + PVX-resistant 
clones screened, 5 gave yields of 1,000 
g/ni . During the winter season in Lima,
PVY + PVX-resistant clones producedhigh and early yields (with resistance 
mostly nd terly lduc ition).isThsemostly in th e duplex cond ition). The se 
clones will be used as parents for furtherbreeding efforts. 

The Philippines. All germplasm 
evaluations in the lowlands were con-
ducted -at Canlnbang Sugar Estate, 
Laguna, and were intercropped with 
sugarcane. In the third field evaluation of 
clones that had been repeatedly pro-
duced and DLS-stored, clones 384515.9, 
385131.52, 385130.8, and 385152.44 
showed 50% survival rate at harvest, a 
per-plant yield of 500 g, and an absence 
of virus symptoms. These clones show 
potential as cultivars that could sustain 
lowland tropical potato production, 
without frequent recourse to multip!ica-
tion in traditional seed areas. Screening 
for tolerance to early blight was ineffec-
tive, because only a slight infection was 
observed (luring the latter part of the 
growing season. Gray mold disease 
(Botrytis cineria) was prevalent following 
one week of continuous rain, and sig-
nificantly lowered yields. Nineteen 
tuber families from local crosses were 
tested in the field, but they did not out- 
perform clone L.T-7, or the local check 
clones. Clone LT-7 yields surpassed 
those of a group of clones planted to 
evaluate their processing quality, and it 
showed equal quality, 

resistance are emphasized in selection to 
avoid dependence upon sources of im
ported seed tubers. 

taind from expising euts o 
tamine weloratory evaluations todetermine whetber available clones 
would adapt to lowland (800 m) conditi n . D r g th d y s e on( l ow g 
tins. Durigthe d se (lowingmaize), irrigated and mulched plots of 
potato clones yielded from 8.9 t/ha to 18.2 
t/ha in a region close to the capital, 
Bujumbura. Pest and disease incidence 
was minimal. 

Sweet Potato 
Peru. Harvests were made at 90 DAP in 
Yurimaguas, or 120 DAP at other sites in 
Peru, to select early-bulking genotypes. 
Of a total of 60 clones, 5 second- and 
third-generation clones yielded 
1,500 g/m 2 during the summer season at 
Lima. Similarly,7second-generation and 
10 third-generation selections produced 
yields of 1,500 g/m 2 in an autumn crop at 
Tacna. Yields were equal to or greater 
than those of advanced clones from other 
breeding programs, which had been 
grown under the same conditions in 
Tacna. Yields at Yurimaguas were low 
(<1,000 g/m2, with the exception of one 
clone), which may reflect the lack of ear
liness and/or the poor adaptation to the 
ambient stresses (flooding, low radiation, 
acid soils, etc.) encountered there. Be
cause these adverse conditions are typi
cal of areas where sweet potato is not yet 
exploited as a low-input crop, an intense 
effort is now being made through the 
population breeding approach, to raise 

etnain and the South Fur-actual sweet potato yields under these 
Paciic.ur-conditions. 

ther evaluation is under way for promnis

ing clones in Fiji (377850.1) and in Egypt. Traditional sweet potato cul-
Vietnam (Achirana INTA and 1-1039). tivars in Egypt are low-yielding, in part 
Good storage characteristics and virus due to heavy virus incidence. Two virus
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free cultivars were received from NCSU 
in 1988 along with true seed of 5 hybrids, 
The cultivars (925 and 1135) outyielded 
local cultivars by 200% to 300%, but it is 
unclear from the findings to what extent 
this yield advantage was due to lack of 
virus infection. Nevertheless, this exer-
cise has shown a potential improvement 
in yield, and healthy cuttings have been 
distributed to growers in areas important 
for sweet potato production. Three-
month storage of roots in improved 
nawalla (rustic, dried mud-brick-
adobe-structures with thick straw 
roufs) resulted in a 20% total weight loss 
(rotiage plus respiration) for the more 

'V V 

Ahealthy nursery of sweet potato in India. 

storage-tolerant cultivar 925, whereas in 
unimproved nawalla, storage losses 
reached 55% for the cultivar 1135. 

Idia. Comparative agronomic eva
luations ofselectd sweet potato 
varieties were initiated by CIP in 1989. 
M 
Monthly plantings are being made to 
determine optimum planting dates, along 
with studies on spacing, fertilization, and 
planting techniques to provide agro
nomic recommendations. Similar experi
ments are also in progress in other 
important sweet potato production areas 
worldwide. 
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ThrustVII 

Cool-Climate Potato
 
and Sweet Potato Production
 
Thrust Profile: 1990 
A multidisciplinary approach is used to develop technology to improve potato and 
sweet potato production in cool environments of developing countries. 

Improvement of potato brceding populations to provide potential cultivars for 
these environments focuses on limiting stress factors, on major disease and pest
resistances, and on developing agronomic characters to meet farmer and consumer 
needs. The two main target areas for such improved germplasm are 1) the Andean 
region, covering mainly the South American highlands and, 2) the non-Andean 
region, including cool-environment lowlands and highlands of tropical and subtropi
cal latitudes. During crop growth frost, suboptimal temperatures, and drought are 
the maior abiotic stresses that limit potato production ,n these regions. Reduction of 
the effects of these stresses increases the potential ior potato production in cool 
environments both by raising productivity and by expanding the area available for 
cultivation. 

Agi ono nic and physiological studies arc focusing on cultural practices to improve 
potato production and to develop methods to screen genotypes for their efficiency in 
the use of nitrogen where there is poor nitrogen content in the soil. 

The sweet potato crop in cool environments of developing countries isplaying an 
increasingly important role in both human and animal diets, with plantings gradually
expanding to wider environments because of the crop's great pla sticity for adaptation 
to unfavorable conditions. Improved germplasm isbetter adapted and fitted to farmer 
and consumer needs. 

Potato research last year included: field testing and slcection for frost tolerance in 
collaboration with the National Potato Prog.am of Peru INIAA, at Illpa, Puno 
(3,850 m). One-fifth of all clones tested were selected for their tolerance to frost,
earliness, desirable agronomic characters, and high yields despite severe drought and 
incidence of frost. The outstanding clones were chosen by the station for multiplica
tion and poiuntial variety releases. 

Collaborative projects with the PotatoProgramof INIA, Chile. Clones selected for 
long-day adaptation from CIP's improved germplasm produced up to 30% greater
tuber yields than did locally grown cultivars. A second project developed simple
technology for potato production that iseasily adaptable for use by farmers. 
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Contract research with INIA, Chtile. In selection of potatoes for suboptimal 
temperatures, the early sprouting CIP clone DTO-33 showed the most promising 
performance. Short tuber dormancy, early tuber initiations, and a fast bulking rate 
appear to be the most important characters for successful adaptation to suboptimal 
conditions. 

A collaborative project in Burundi. Timing of fungicide applications was shown to 
be of critical importance in helping to control late blight in varieties with different 
degrees of horizontal resistance. The resistant variety Sangema was severely infected 
when fungicide spraying was delayed until 8weeks after plant emergence. Apparently, 
the level of horizontal resistance in this variety isnot sufficient to withstand the effects 
of this fungus at this stage, without previous spraying. 

Improved agronomic practices for potato production in Cameroon. Findings indi
cated that poultry manure applied at a rate of 5 t/ha gave the best results when 
compared with other locally available fertilizers. Reports on the use ofTPS for potato 
production from Ethiopia and Cameroon indicated that a threshold for resistance to 
late blight in the segregating progenies isnecessary for the success of this technology. 
In potato production for human consumption, seedling tubers derived from TPS offer 
greater advantages for plant survival and growth. 

Collaborativeproject in Paraguay on the use of TPS for commercial potato produc
tion. Scedling-tubers of cross Scrrana x LT-7 showed better performance than 
transplants of this cross. Tuber production of this cross (in both seed beds and the 
field) was the highest among those tested. 

Field screening of400 sweet potato cloes foradapation to cool environments in two 
coastal locations in Pen. In research conducted during the winter, approximately 90% 
of all clones had large roots and 69% yielded more than 0.5 kg/plant. Selected clones 
are being tested in mid-elevation cool enviro'nments (2,000 m - 2,500 m) for perfor
mance and adaptation. 

Potato Populations in Cool Environments 

Potato Breeding for Stress Tolerance 

Improvement of potato populations by Frost. Two parallel polato breeding 
selecting cultivars for cool environments populations arc under improvement for 
has concentrated on limiting stress fac- frost tolerance as the primary crop 
tors such as frost tolerance, production protection character and the gradual ad
under suboptimal temperatures, and dition of resistances to diseases and pests 
(more recently) drought tolerance, important in cool environments, such as 
Agronomic characters suitable to meet viruses, late blight, and cyst nematodes. 
farmer and consumer needs in a wider 
range of environments are also being One population istargeted for the An
considered, dean highlands, where frost incidence is 
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a major limiting factor and cyst nema-
todes are causing increasing damage. 
The required crop characteristics are 
similar to those of the native primitive 
cultivars that are highly appreciated by 
farmers and consumers. 

A second population is being i-
proved for use in the non-Andean cool 
environments (highlands and lowlands) 
of tropical and subtropical latitudes, 
where early- and late-scason frosts arelimiting. This population will eventually
limitin.reisc poplateig n willd e
have resistance to late blight, and will be 
adapted to long days. Crop charac
teristics required in this area are similar 
to those of S. Tuberosun cultivars, which 
have been long adapted by farmers and 
accepted by consumers. 

Testing and selection of clones was 
done in collaboration with the Peruvian 
National Potato Program, at their 
SouthL.rn Altiplano Experiment Station 
at llpa, Puno (3,850 m). Frost damage is 
the most limiting factor in this area, which 
is the largest potato-production region in 

Peru. Periodic droughts are the second 
limiting factor. 

Of the 600 clones tested at this loca
tion during the year, 110 were selected 
for their tolerance to frost and for yield 
and other agronomic characters (Table7-1). Despite the four-week drought that 
followed planting, and the incidence of 
frost 87 days after plant emergence, 
av er wrhgT ncyield e average yields were high. The outstand
ig clones wcre chosen by the local sta
tion for multiplication of clean seedstocks and for further evaluation in 

regional trials. Potential variety releases 
are planned by the national program to 
help overcome frost damage. 

Under non-frost conditions (CIP's 

Huancayo Station), replicated trials of 
the most advanced frost-tolerant clones 
from both populations produced tuber 
yields as high as 2.6 kg. per plant at a 
plant density of 44,444 plants/ha (Fig. 
7-1), indicating their high yield potential 
under optimum field management. 

Table 7-1. Tuber yields of top-performing clones with tolerance to frost at Illpa Station, Puno 
(3,850 m). 

Frost damage after planting a 

Clone 
number 

Yield 
kg/1O hills 

87 days 
-1.8 C 

112 days 
-2.5 C 

125 days 
-4.5 C 

87 F172.9 19.8 4 1 6 
85 F124.1 19.4 3 3 9 
381128.5 18.9 4 3 7 
384025.1 17.9 4 5 8 
85 F65.4 17.9 2 2 9 
84 FF111.2 17.2 3 1 4 
Local checks 
Andina 14.5 2 2 8 
Rukii 4.6 1 1 1 
B CIP scale derived from %of foliar damage: 1 = 1%-10%, 9 = 81%-90%. 
Plant density: 33,333 plants/ha. 
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1.0-1.5 kg 
(40.6%) 

<0.5 kg 
(3.1%) 

1.5-2.0(34.4%) 
L2 > 2.0 kg 

(4%(6.3%) 

0.5-1.0 kg 
a (15.6%) 

4 I 1.0-1.5 kg 

(43.0%) 

1.5-2.0kg- >2.0 kg 
(29.0%) (8.0%) 

0.5-1.0 kg 
(20.0%) 

Figure 7-1. Tuber yields in kg/plant of frost-tolerant clones at CIP-Huancayo Statin, 
1989. a) clones for Andean region; b) clones for non-Andnan region. 

Long-day adaptation.The Potato Pro- mild low temperatures and short days 
gram of INIA (Osorno, lat. 400 S) tested (Santiago Valley, lat. 300 S), and 2) a 
30 selected clones from the non-Andean winter-spring season with low tempera
potatopopulation previously introduced turcs through most of the growing 
in Chile for adaptation and tuber yield season, and increasing day-length (Osor
performance under long days. Total no, lat. 40' S). 
tuber yields were reported to be as much 
as 30% over the local checks (Table 7-2). Findings from a preliminary trial of a 
There has been prog'css in adapting sample of locally available clones planted 
cool-environment populations to long at the end of August (a month earlier 

days for selection of potential cultivars. than the normal season) indicated that 
early tuber sprouting may be one of the 

Suboptimal temperatures. Contract re- key requirements for fast plant emer
search was begun with the Potato Pro- gence and rapid plant growth under 
gram of INIA, Chile to breed and select these conditions. Of all the clones tested, 
potatoes adapted to suboptimal tern- the early-sprouting clone DTO-33 (from 
Pcuratures (low-temperature profile). CIP origins) was the first to emerge from 
Two distinct seasons were chosen for the soil and develop a larger canopy. 
screening and sclection of potato Similarly, when clones were harvested 90 
ge rmplasm: 1) a fall-winter season with days after planting, DTO-33 had the 
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Table 7-2. Tuber yields of top-performing clones selected for adaptation long days (Osomo,
Chile, lat. 400 S). 

Yields (I/ha) 
Clone number Marketable Total Specific gravity 

383125.82 60.6 61.1 a 1.102 
383151.57 37.5 59.6 a 1.103 
383136.47 55.9 57.7 ab 1.106 
383142.62 52.2 54.2 b 1.109 
383144.67 52.2 54.2 b 1.106 
383144.49 51.9 54.2 b 1.109 
Local checks
 
Ultimus 40.6 43.1 c 1.106 
Desir6e 41.2 41.6 c 1.100 
a Means followed by the same letter are not significantly different (P< .05). 

highest yield (Fig. 7-2). However, when 
harvested at 114 days, yields of other 
clones were similar or higher, Ultimus 
and Rcm,hue-10 Lcing particulary out-
standing. Further experiments are under 
way at other locations to examine tuber 
sprouting, plant emergence, tuber inlitia-
tion, and tuber bulking rate, and to con-
firm the value of characters needed to 

Cultivars 
DTO-33 

Remehue 8 
Urgenta 

Mirka 
Ultimus 
R128.6 

D~sire6 

Grata m 'l 
Yagana 

Cardinal 
Piratini 

Sebago 
Remnehue 10 

Romano 

0.0 0.3 0.6 

select materials for this type of environ
mcnt. 

Successful results of this research 
will have two direct benefits for clients in 
sub-tropical latitudes, where there is an 
increasing expansion of potato produc
tion dur;ng mild winters and where 
low temperatures are a limiting factor. 
First, the research will select cultivars 

. . .. ...
 

,. : , :
 

. ,
 

U Harvest 90 days
Harvest 114 days 

0.9 1.2 1.5 
Tuber yield (kg/plant) 

Figure 7-2. Tuber yields of cultivars planted under suboptimal temperatures 
in southern Chile. Experiment Station at Remehuc (INiA), 1988. 
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best suited to suboptimal conditions and 
to low-temperature profiles in particular. 
Secondly, because when conditions are 
favorable, the incidence of majo,.' dis-
eases and pests is negligible, and the 
potatoes produced under these condi-
tions are healthy and of high quality for 
use as seed and for human consumption. 

Agronomic and Physiologic Research 

Peni. No field studies were made of tile 
efficient use of nitrogen (N) during the 
1988-1989 season. However, data from 
previous fief'!, greenhouse, and laboratory experiments were further analyzed
ithe earch forsipe frther analy 
inthe search for simple root morlhologi-
calcharactrs that would predict 1)yield 
ability on soils with low N, and 2) the 
ability to respond to added N as inorgane frtiize.I tets f cone grwngan ic fe rtiliz er . In t es ts o f clon es g,ro wn 
under low N in the field, sysem both the freshoweigt o theroo averged 
weight of the root systemi (averaged over 
values measured on in vitro plants, 
rooted cuttings, and rooted sprouts) and 
the average length of secondary roots 
were significantly and inversely rel!ed to 
the yielding ability. The ability to increase 
tuber yield in response to added N was 
inversely related to the diameter of 
secondary roots (measured either at the 
basal or apical extremes) and positively 
related to the apical diameter of the root 
hairs. These relationships were main-
tained in all vcgetable material evaluated 
and will be verified in tests of another set 
of potato clones. Investigations are under 
w,y to assess non-lincar relationships bc-
twccn tuber yield and yield increase due 
to added N, and root morphological 
characters. 

Bunindi. A series of agronomic ex
periments during two growing seasons in 
the Crete region of Burundi investigated 
liming and fertilization to improve potato 
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production and application of fungicides 
to control late blight. 

Tuber yield responses to liming and 
NPK fertilization were not statistically 
significant. Acidic soils (pl1: 4.7) and low 
solubility of the source of liming, as well 
as its application rate, may have 
prevented the response to the treatments 
studied. Further studies on application 
rates of lime as well as other sources of 
NPK are planned within the context of 
limited-resource farming systems. 

During two consecutive seasons, the 

experiments were conducted on the ef
feet of fungicide applications in control
ling late blight in three varieties with
different degrees of resistance. The 
results indicated that when spraying 

started 8 weeks after plant emergence,S n e r a v r e y h d t e h g e t r t 
of variety had thecomparedhighest rateSangfoliarma infccion, as with 
Uganda-li and Ndinamagara. Yields 
Uere significantly riued in Sangena 
and less affcctc. in the other two. The 
resistance in Sangcnia apparently could 

not withstand the high infection pressure 
of the fungus when additional protection 
was delayed; however, the other two 
varieties showed higher levels of resist
ance. As an additional protection 
measure, further experiments will at
tempt to determine optimal frequency 
and timing of fungicide applications. 

To control late blight under high in
oculum pressure, a more integrated ap
proach earlier in the season may be 
necessary. No horizontal re-sistane to 
late blight alone would stand such a pres
sure without adequate additional protec

tion measures. 

Cameroon. Preliminary fertilization 
trials in Cameroon to determine sources 
and applications of fertilizer to improve 



Advanced clones selected in the high hills of Rwanda from CIP's genetic material. 

potato yields, indicated that poultry 
manure applied at a rate of 5 t/ha gave 
the best result. The manure is locally 
available and cheaper than chemical 
fertilizers. Other agronomic practices for 
cropimprovement, such as intercropping 
potato with corn and chemical control of 
late blight, are being studied, 

Cdile. A collaborative project with the 
Potato Program of INIA, Chile (Osorno, 
lat. 400 S) reportedthatwhencomparing 
applications of technology between the 
experiment station and the farmers' 
fields under both irrigation and rainfall 
conditions, there is a significant yield gap
in favor of the technology as applied by
the station. This gap can be narrowed by
identifying the factors involved and cor-
recting measures developed for an easy 
adoption by the farmers, 

Ethiopia TPS. Reports from Ethiopia 
indicated that trials conducted duringthe 

rainyseasonatHolettaRescarchCenter, 
which included the international, 
regional, Eas. African, and opcn-pol
linatcd TPS trials, wereal-.ost complete
ly lost to late blight. Future TPS trials 
during the rainy season will iaclude 
progenies of late blight-rcsistant parental
clones, known to transmit high levels of 
resistance to their offspring. Seedling
tubers from selected pedigrees also will 
be considered for testing the feasibility of 
using TPS as an alternative potato 
production method. 

Cameroon TPS. Previous experiences 
have shown that seedling tubers rather 
than TI'S transplants may be the most 
appropriate technology for secd-tuler 
production. Sixteen progenies were 
evaluated in nursery beds this year for 
seedling tuber production at Mfonta 
(1,300 m). The highest yielding progenies 
for tuberlet production included the 
pedigrees CIP 98004 (CFK 69.1 x DTO-
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Large 
(89.4%) 

<0.5 kg
(30.7%/) 


Small 
(0.0%) 
No roots 
(5.3%) 

Intermediate 
(5.3%) 

0.5-1.0 kg 
(44.3%) 

(.%
1(4.8%) 

- 1.0-1.5kg 
(20.2%) 

Figure 7-3. Performance of a sample of sweet potato clones from germplasm incool 
winter season, Lima, 1989. a) root enlargement; b) root yield kg/plant. 

28) at 6.0 kg/m2and CIP 978001 (Atzim-
baxR128.6),at4.3kg/m 2.Seedling-tuber 
performance for consumer potato 
production was compared with that of 
commercial Dutch varieties in trials (at 
2,000 m) in which plants were sprayed 
once against late bl'ght. Six of the 
progenies outyielded the three commer
cial varieties and showed resistance to 
late blight, 

Paraguay. Tuber production from see-
dling tubers of pedigree Serrana x LT-7, 
in both seed beds and the field, was sig-
nificantly higher than the three other 
pedigrees evaluated during March-June 
1989 at the IAN-Caacup6 Experiment 
Station. 
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Shortly after being harvested the Scr
rana x LT-7 tubers were treated for 
sprouting and planted in selected 
farmers' fields during July-November of 
the same ycar. However, yields were 
rather low as a result of poor emergence 
and overall plant stand. 

The short period between planting 
seasons may result in a serious limiting 
factor if short dormancy is not bred into 
segregating progenies; however, if cycles 
are reversed so that tuber multiplication 
is done during July-November and con
sumer potatoes are produced during 
March-June, a solution may be found to 
the tuber-sprouting problem at planting 
time. Additional studies are under way. 



Sweet Potato 

Evaluation in Cool Environment-

Evaluations were made of 400 sweet 
potato clones from the germplasm bank 
maintained at CIP to examine their per-
formance in cool environments during 
the winter season at two coastal locations 
in Peru. Preliminary data on plant 
growth, root enlargement, and yield at 

harvest (150 days after planting) indicate 
that muci of the material performed well 
and showed ,,;omeability to adapt for pro
duction under cool temperatures. Yields 
were as high as 2 kg/plant at a plant den
sity of 35,000 plants/ha (Fig. 7-3). These 
clones will be further evaluated to deter
mine their range of adaptation in cool 
environments, and at higher altitudes. 
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Collecting sun-dried potato chips in India. 



ThrustVIII 

Postharvest Technology 

Thrust Profile: 1990 

A recent survey of national program leaders identified constraints in the postharvest
phase as among the most important in production and use of potatoes and sweet 
potatoes. Interdisciplinary research and training activities in Thrust VIII help develop
and deliver storage and processing technology in collaboration with national 
programs. During 1989, this work included 20 projects, 4 contracts, and 4 theses under 
way in more than a dozen countries in Latin America, Africa, and Asia. Past work 
has emphasized potatoes, but sweet potatoes are now receiving increased research 
attention. 

Building on the successful extension of diffused-light storage for seed potatoes, 
recent storage research has focused on consumer potatoes. Evaporative cooling
techniques were studied in Peru, Kenya, and India, and forced-air techniques were 
studied in Pakistan. Simple rustic stores were tested in India and Thailand. Household 
storage in bamboo baskets and sacks was analyzed in Burundi. In Peru, clones were 
evaluated for storage characteristics. Seed storage under rustic versus refrigerated
conditions was studied in Egypt. Rustic storage of seed was evaluated in Cameroon. 
Storage in sand of tubers produced from true potato seed was examined in India. A 
storage workshop was held in Malaysia. Succ -sful storage trials for consumer 
potatoes in several countries suggest that interdis,'nlinary research on adoption of 
these techniques would now be useful. 

Potato processing research has focused on clonal evauation (Peru, Thailand); on 
continued testing and evaluation - including costs and returns - of rustic processing
techniques (India); and on marketing and demand for processed products in selected 
countries (India, Thailand). Additional activities included a survey of postharvest
practices (China), backstopping of ongoing research involving simple processing in 
selected countries (Colombia, Guatemala, Peru, and Zaire) and thesis work (Kenya). 

Sweet potato research has drawn upon baseline surveyN )fpostharvest practices
and constraints carried out as part of a diagnosis of sweet potato food systems (see
also Thrust X). This work is being conducted in Peru, China, Vietnam, and the 
Philippines; similar research isunder way in Indonesia, Thailand, Taiwan, Argentina,
and Uruguay. Results of these surveys emphasize the importance of interdisciplinary
research involving biological and social scientists to identify, evaluate, and improve 
existing technologies. 
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Sweet potato studies have been included in the experiments using village-level,
rustic processing techniques in India. Clonal evaluation for processing has begun in 
Lima, with thesis work on the nutritional and chemical characteristics of CIP's sweet 
potato germplasm collection. Similar work is now under way in Thailand. Sweet 
potato storage research using rustic stores has begun in India and Kenya. 

Potatoes
 
Consumer Potato Storage 

Technology continues to be developed 
for short-term storage of both consumer 
and seed. potatoes in warm-dry and 
warm-humid climates, with experiments 
in Peru, Kenya, Burundi, Cameroon, 
Egypt, India, Pakistan, and Thailand. 
These and other activities seek to 
develop low-cost alternatives to estab-
lished marketing and utilization patterns. 
Successful trials in several countries 
point to the need for interdisciplinary 
research on factors that influence adop-
tion of improved storage practices for 
consumer potatoes. 

Peru. A total of 18 clones were tested 
for storability under rustic storage condi
tions at ambient temperatures in Huan
cayo and San Ramon. A cold store set at 
4C was used as a control. Total tuber 
weight losses after 6 months of storage 
ranged from 6.5% to 20.1% at Huancayo, 
from 12.9% to 41.9% at San Ramon, and 
from 5.1% to 11.8% in the cold store. 
Clones Capiro, Yungay, CEW-69.1, and 
69-56-52 (Table 8-1) showed excellent 
storability or keeping quality for con
sumer potatoes. Results of these experi
ments indicate that clones with a long 
dormancy period do not necessarily have 
good keeping quality. 

7.. 

Boxes with ventilation ducts for storage of consumer potatoes in Thailand. 
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Table 8-1. Observations on storability for seed and consumer potatoes in a range of clones at 
Huancayo and San Ramon, Peru. 

Storability
Tuber weight loss (%) Dormancy Incubation IndexC 

6 months (days)a 
periodb 6 months 

Clone 4C Hyo SA Hyo SR (days) Hyo SR 

DTO-33 10.2 18.6 31.8 48 34 354d 0.95 0.78 
DTO-28 11.0 20.1 -9.0 76 41 357 d 0.83 0.65 
LT-2 11.8 9.2 41.9 111 48 317 0.90 0.55 
B71-240-2 7.0 13.3 .7.2 97 62 327 0.96 0.86 
LT-5 8.8 11.8 26.0 118 76 317 0.98 0.83 
Serrana 8.9 11.4 21.2 139 62 337 0.95 0.92 
Revolucion 9.0 11.0 23.3 111 43 337 1.04 1.09 
Rosita 9.1 15.3 26.0 97 69 327 0.99 0.88 
Saturna 9.3 14.3 23.3 139 62 317 0.98 0.75 
1-822 8.3 13.2 31.5 84 35 330 0.90 0.68 
CEX-69.1 7.1 11.1 21.1 70 28 360 1.08 1.00 
1-931 9.1 13.4 25.8 63 28 350 1.05 0.92 
69-56-52 6.6 9.2 12.9 133 78 310 0.95 1.00 
MEX-32 7.4 10.0 1b.2 119 55 360 1.16 1.16 
CEW-69.1 5.5 7.9 16.5 91 48 370 1.08 0.96 
Huancayo 5.1 6.5 17.9 105 62 330 1.21 1.46 
Yungay 7.2 9.0 15.9 98 55 340 1.08 1.37 
Capiro 8.7 11.7 14.1 133 83 330 0.88 0.97 

Mean 8.3 12.1 23.5 102 54 0.99 0.94 

Mean 14.6 
LSD 0.05 2.2 
CV % 7.6 
a Days between harvest and sprouting.
 
b Days between harvest and tuber formation on sprouts.
 
c Storabi:ity index: yield from DLS stored tubers (Huancayo and San Ramon) as a proportion of yield
 
from seed tuber stored at 4C.
 
d No tuber formation on sprouts.
 

At San Ramon, research on integrated highly effective: 1) a single selection of 
control of storage losses of potatoes in the most suitable proportion of the crop 
the warm tropics has shown consistent (undamaged, healthy tubers) for storage, 
results over several storage seasons (see following a 2-week holding period after 
Annual Reports 1988 and 1989). Low- harvest, effectively reduced losses, and 
cost storage of locally produced potatoes 2) soaking the charcoal store walls with 
over a 4-month period is clearly feasible water twice daily to induce evaporative 
under warm (20C to 30C), rustic condi- cooling reduced tuber weight loss and 
tions, without significant loss of quantity infestation by the 0otato tuber moth. Ap
or quality. Two storage treatments were plication of CIPC effectively inhibited 
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sprouting, as did use of thiabendazole or 
sodium hypochloi ite dipping treatments 
to control pathogens causing rotting 
(Fusariumn and Erwinia spp.). Neither 
sprouting nor rotting caused serious los-
ses, until after the 4-month storage 
period. 

At North Carolina State University, a 
Ph.D. thesis confirmed previous findings 
that repeated selection during the 
storage period increased storage losses, 
due to tho higher levels of mechanical 
damage caused by additional handling 
(see Annual Report 1989). During 4 
months of rustic storage at San Ramon, 
losses in i4 cultivars adapted to the warm 
tropics were associated with their rela
tive susceptibilities to the pathogens 
Ervinia carotovora ssp. carotovora, 
E. chrysantheni, Fusariwm solani, and 
F.o.tyspontn. 

develop low-cost consumer potato 
storage for low altitudes. Storage experi-
ments on the Kenyan coast used the 
variety Roslin Eburu, harvested at 
medium altitude. Different types of 
naturally ventilated stores were com-
pared during astorage period of 33 days. 
Preliminary results showed that total 
weight losses ranged from 21.8% to 
51.9%, with lower losses for the naturally 
ventilated store wilhout evaporative 
cooling. High losses were mainly due to 
soft rot caused by Erwinia carotovora, 
which in turn was induced by skin 
damage from harvesting immediately 
after crop maturity. A thesis summariz-
ing this research is being prepared for the 
Cranfield Institute of Technology. 
Storage technologies developed for cool 
highland areas in previous years continue 
to be evaluated with farmers, in coopera-
tion with an FAO project. 

104 Thrust VII 

Bunindi. Prices for consumer pota
toes increase by 30% to 50% between the 
harvest in January and the seasonal 
shortage in May. Storage of consumer 
potatoes was tested with 4 varieties using 
3 types of naturally ventilated storage 
techniques. Storage capacity ranged 
from 500 kg to 1,000 kg. The maximum
possible storage period was defined as 
the period without significant sprout 
development, since sprouted tubers can 
only be sold as seed. Bamboo baskets, 
positioned on stones so as to allow ven
tilation from below, provided the longest 
storage period: 31 days for cv. Ndinama
gara, 71 days for cv. Muruta, 61 days for 
cv. Kinigi, and 101 days for cv. Uganda. 

India. Storage trials using consumer 
potatoes were conducted at Athgara in 
collaboration with the Central Potato 
Research Institute. Tubers were stored 

in sand for 80 days, with losses of 10% by
weight and 5% by number; these resultsimpressed local farmers unfamiliar with 
this traditional procedure. 

7hailand. In cooperation with the 
Horticultural Research Institute and the 
Agricultural Engineering Division of the 
Department of Agriculture at Fang 
(northern Thailand), 4 different types of 
low-cost, naturally ventilated stores were 
tested at the experiment station using two 
commercial cultivars, Fang-60 and Spun
ta. After 7 weeks of storage, total weight 
loss ranged from13.8% to18.9%. During 
storage, average outside minimum 
temperature was 21.4C and average max
imum temperature 34.6C; temperatures 
in the potato pile ranged from 23.2C to 
26.5C. Farm-gate prices for potatoes 
rose from 5.5 to 7 baht per kg over the 
storage period. This increase was suffi
cient to generate positive economic 



returns as a result of potato storage in and lasted for 240 days. Initial findings
each of the experimental stores, indicate that potatoes can be stored suc

cessfully for the 240-day period, but theNeed for Adoption Research physiological condition of the tubers is 
better after 180 days (Table 8-2).Recent experiments inwarm climates in huhteCP sru niio Al

several countries have identified suitablemethods to store consumer potatoes formethodsu tostr conthesuepotatos 
periods up to 2 months. These methods 
include appropriate designs for stores, as 
well as integrated methods to control 
storage diseases and pests. Interdiscipli- 
nary research is now needed to evaluate 
the user's perspective of these storage 
technologies and to identify factors that 

-influence adoption (e.g. availability of 
credit). 


Seed PotatoStorage 

Cameroon. Two diffused-light seed 
storage trials were conducted at mid-
elevation sites (1,300 m and 2,000 m)
using the local varieties Kijam and Tibati. 
One treatment was with sodium 
hypochlorite, another with CIPC. The 
controls were tubers that had not been 
chemically treated. Each trial had sub-
treatments with and without Lantana, 

though the CIPC sprout inhibitor
prolonged dormancy, itbecame less effec
tive after 90 days. Sodium hypochlorite 
had a negligible effect, perhaps because 
soils in the region are relatively clean. At 
lower elevations, rotting was more 
lowe fo rotting aftere 
pronounced for tubers stored after the 
rainy season than after the dry season. 
The percentage of rotted tubers, the 
sprout lengths, and the weight losses 
were greater at lower than at higher altitudes. Tubers from each of the treatments 

have been planted to evaluate their yields. 

Egypt. Four hybrids and 4 commercial 
varieties from certified seed imported
from Europe were placed in storage (in
earlyJune) for 3 to 5months inside a cold 
store at 4C to 5C, and in a non-refri
gerated store (Nawalla). Tubers from the 
two stores were presprouted under dif
fused light for 2 weeks, then planted at 
the end of September 1988. The experi-

Table 8-2. Percentage rotted sprout lengths and percent wgight losses of tubers stored underdiffused- light rustic stores at Mfonta, Cameroon, in 1989 k "0 m.a.s.l.). 

%Rotted tubers 

90 180 240 
Treatments days days days 

1 1.4 4.3 6.8 
2 1.8 2.8 5.4 
3 2.2 6.9 11.1 
4 1.6 4.2 6.5 
5 0.4 4.1 6.1 
6 1.6 3.6 4.5 

aTreatments: 
1= Lantana but no chemical treatment. 
2 = No Lantana, no chemical treatment. 

Sprout length (mm) %Weight loss 

90 180 240 90 180 240
 
days days days days days days
 

12.3 20.1 20.2 10 29 39.7 
11.4 20.5 19.9 9 27 38.3 
13.4 21.8 24.3 10 30 41.7 
13.1 21.6 21.9 12 29 39.3 
8.4 20.9 24.0 9 27 36.3 
9.0 18.8 22.4 9 27 37.5 

4 = 0.5% Hypochlorite but no Lantana. 
5 = CIPC (20 ppm) and Lantana.

3 = Lantana and 0.5% Sodium Hypochlorite. 6 = CIPC (20 ppm) no Lantana. 
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Table 8-3. Comparison between varieties of different sources and seedling tubers from TPS Incold 
store and non-refrigerated store (Nawalla), Egypt. 

Variety/progeny 

Alpha 
Serrana x DTO-28 
Claudia 
CFK 69.1 x DTO-33 
Spunta 
Atz x DTO-28 
Drags 
Atz x DTO-33 

Nawalla Cold store 

Germ. % Germ. % 
30 45 Stem Harv. 30 45 Stem Harv. Mark. 

days days No. (t/ha) days days No. (t/ha) % 

74 49 2.9 23.4 86 89 3.2 32.4 85 
75 93 1.9 31.2 83 96 2.4 33.0 80 
88 91 2.6 24.7 77 95 2.1 27.1 70 
85 97 2.8 29.1 89 95 2.9 36.8 80 
95 97 2.8 28.5 89 91 1.9 30.0 90 
80 98 2.9 30.3 86 99 3.0 33.9 80 
84 96 2.8 27.9 48 88 2.0 29.0 85 
81 95 2.7 30.8 91 99 3.2 36.5 75 

2Planting date: Sep. 18, 1988. Harvesting date: Feb 1, 1989. Plot size: 9.4 m . Reps.: 3. 

ment was harvested in early 1989. Corn-
parable yields for the hybrids and corn-
mercial varieties kept in a rustic store 
indicate that expensive refrigeration is 
not necessary for seed potatoes under 
Egyptian conditions (Table 8-3). 

India. A previous storage design for 
consumer potatoes was modified to ac-
commodate seed potatoes. During the 
first 3 months after harvest, consumer 
potatoes were stored in darkness. They 
were subsequently exposed to diffused 
light by opening the windows and placing 
the tubers in thin layers on shelves. After 
70 days, total weight losses were 11.5% 
for cv. Kufri Bahar and 4.4% for cv. Kufri 
Jyoti. Tubers of 13 different genotypes 
including 9 TPS families - also were 
stored in sand, which is a traditional 
storage method used by farmers. After 6 
months of storage, average weight losses 
were 52.5% and average loss of tubers 
due to rotting was 38.6%. No significant 
differences were found in storability be-
tween genotypes. 
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The Philippines. Non-chemical me
thods to control sprouting of potato 
tubers are being developed in a col
laborative project with the University of 
the Philippines at Los Bafios. In prelimi
nary experiments, plants of the Liabiatae 
family were screened to identify natural 
sprout inhibitors. Species presently being 
evaluated are Coleus amboinicus Lour., 
Mentha cordifolia Opiz, Ocirnum basili
cum L. and Ocimum sanctum L. 

Potato Processing 

Thailand. The demand for processed 
potato products is growing rapidly in 
many Southeast Asian countries. In 
Thailand, about 5,000 t/yr of potatoes 
(about 30% to 50% of national produc
tion), are processed into snacks and con
venience foods. Most processing is 
carried out by local companies. Research 
has emphasized evaluation of clones for 
processing quality. In cooperation with 
the Agro-IndustrySection of the Agricul
tural Chemistry Division of the Depart



India. Low-cost, village-level techni
ques for processing of potatoes are being
developed by CIP and SOTEC, a non
profit development organization based in 
Bareilly. Seven village processing units 
are currently operating under the super
vision of SOTEC. These units process an 

" ""average of 550 kg of potatoes per day.The main products made are dehydrated.... strips and chips, part of which are ground 

intc flour. Conversion rates for strips and 
chips (raw material to processed product) 
range from 14% to 16% for medium
sized to large tubers. Product quality, in
cluding moisture content and uniform 
size and color of the chips, is being

-st essed, and guidelines are being de
veloped to standardize product quality. 
Processing equipment has been further 

Low-cost store for consumer potatoes in improved, as well as the economic ef-
Thailand. ficiency of the processing methods. 

ment of Agriculture, 40 clones and cul
tivars were evaluated for use in process
ing into chips and french fries. In 
addition, clones are being evaluated for 
domestic cooking quality. 

Results of a joint study of marketing, 
consumption, and demand for potatoes
and potato products in Bangkok have 
been published by the Department of 
Agricultural Economics of Kasetsart 

, ,.'.-

L. ,,: 

M 
. 

University, the Horticultural Research 
Institute of the Department of Agricul

t I t , 

ture, and CIP. These findings highlight
the potential for increased consumption 
of fresh and processed potatoes, aspopulation growth and rising incomes 
generate greater demand. The metho-

i"-
T' . 

, ' 

dology developed for this study should be -
useful for similar research in other 
countries. Raised slatted floor. India. 
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SOTEC assists the processing units in 
securing funds for initial investment and 
in marketing of the processed products. 
Numerous recipes have been developed 
and are being demonstrated to rural and 
urban consumers. The processing units 
have generated substantial employment 
opportunities for rural women. 

Socioeconomic backstopping of the 
processing research at SOTEC included 
1) estimates of the cost of production 
based on technical coefficients and es
timated prices for inputs and outputs 
(Table 8-4), and 2) contract research by 
an economist at the Agro-Economic Re-
search Centre, Himachael Pradesh 
University, who studied the marketing of 
processed potato products in New Delhi. 
The cost estimates include various 
simulations of prices for fresh potatoes aswell as processed products (Table 8-5). 

Table 8-4. Variable costs of simple potato 
pr,,.ssing inIndia. 

Amount of fresh potatoes 
processed/day (kg) 

20' 400 600 1,000 
Variable cost/ 

packet (US$) .099 .086 .079 .074 

beginning with the former to eventually 
finance the latter. 

Studies of the marketing of procesed 
potato products in New Delhi found a 
muowider variety of products than had 
been supposed.A totalofl5products are 
currently available, differentiated on the 
basis of form, package, weight, and price. 
Solar-dried chips produced with rustic 
techniques represent half the volumesold. Most sales are to middle-income

wellas rocesedprodcts(Tabe 85).consumers. The majority of the retailers 
These calculations indicate that process-
ing of more than 500 kg of raw product 
per day was barely profitable; they alsodemonstrate the importance of the prc
dofotate ad laortie e price 
of potatoes and labor in determining unit 
production costs. Although more 
detailed information is needed on con-
version rates, these findings provide an 
economicjustification for combining rus-
tic storage with simple processing and for 

consumers. e t theeailer 
contacted (82.6%) felt that demand for 
processed products could be increasedby reducing the price and introducing 
more attractive packaging (see Thrust X 
for additional details). 

Peru. Since 1987, CIP-Lima scientists 
have been evaluating clones to em
phasize processing potential for chips 
and french fries, using CIP's germplasm 

Table 8-5. Economic feasibility of producing dried potato chips in India (90 work days, 3 and 5 years 

credit). 

Amount of fresh potatoes processed/day 

200 kg 

3rd 5th 
year 

400 kg 
3rd 5th 

year 

600 kg 
3rd 5th 

year 

1,000 kg 
3rd 5th 

year 

Total annual 
cost/packet 

Annual net 
revenues/packet (US$) 

.18 

(.12) 

.18 

(.02) 

.17 

.14 

.16 

.21 

.16 

.21 

.15 

.30 

.15 

.33 

.15 

.40 
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Table 8-6. Yield and processing attributes of eight advanced clones. 

Clonu Pedigree 
Yield 
(kg/pt) 

377219.18 N568.7 x DTO-28 1.19 
377838.2 BR63.65 x N522.22 1.30 
E86.011 (377835.9 x P/PS 

BK) x 378015BK 0.84 
E86.692 CFS69.1 x Atlantic 1.20 
E86.695 CFS69.1 x Atlantic 0.72 
86LM 235 Aphrodite x LT-7 1.25 
86LM 320 CEX69.1 x Atlantic 1.05 
86LM 614 8L2.9 x 378015.3 1.10 

with multiple resistance or tolerance to 
different biotic and abiotic stresses. 
Eight clones have beenidentified asgood 
chip and/or french fry producers (Table 
8-6), following experiments with some 
400 clones in different environments (La 

Sweet Potato 
Baseline surveys to document and 
analyze existing forms of sweet potato
utilization for human consumption and 
animal feed are under way in China, Viet-
nam, Indonesia, Thailand, and Peru. 
These studies are in response to national 
program leaders' opinions about con-
straints and opportunities for expanding 
sweet potato production (see Thrust X). 
Field studies on these issues also are 
under way in Argentina, Uruguay, and 
the Dominican Republic, as part of a 
broader diagnosis of the food system for 
sweet potatoes in those countries. Other 
research is designed to upgrade and in-
crease the economic efficiency of tradi-
tional processing. New processed sweet 
potato food products are being de-
veloped, using a consumer-oriented ap-
proach. 

SG RS Use Observations 

1.081 
1.080 

low 
low 

Ch 
Ch 

LT parent 
LT parent 

1.084 
1.078 
1.088 
1.083 
1.097 
1.094 

low 
low 
low 
low 
low 

mod. 

Ch 
Ch/ff 
Ch 

Ch 
Ch 
Ch 

Warm, cool climates 
Warm, cool climates 
Warm, cool climates 
TPS parent 
TPS parent 
TPS parent 

Molina, San Ramon, and Huancayo), 
with testing for yield, specific gravity, and 
reducing sugar content. Future studies 
will test an additional 1,000 clones for 
yield and processing attributes, to iden
tify progenies for processing quality. 

Sweet Potato Processing 

The Philippines. Processed sweet potato 
food products for low- and middle-in
come urban groups are being developed 
by scientists at Visayas State College of 
Agriculture (VISCA) at Leyte. Con
sumer surveys indicate that research 
should focus on chips, noodles, and 
cubes for traditional food dishes, and 
flour for hot cakes and baby food. Experi
ments on the standardization of process
ing techniques for sweet potato chips 
showed that a slice thickness of 1.5 mm to 
2 mm was most suitable for producing a 
crispy (when fried) final product. Va
rious pre-frying treatments also were 
tried with sweet potato cultivars having 
white, yellow, and orange flesh colors. 
However, sensory scores were about the 
same for the fried chips and for the control. 
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Sweet potato flour has the potential to China and other countries. Sichuan is the 
be used as a substitute for wheat flour in 
the preparation of popular noodles in 
Philippine markets - without affecting 
the texture and general acceptability of 
the noodles. An acceptable level of sub-
stitution was found to be 25% for odong 
noodles (dried type) and 50% for canton 
noodles (fried type). In the formulation 
of mild noodles (fresh type), 25% sweet 
potato flour produced an unsatisfactory 
product. Of the sweet potato varieties 
screened for use in noodle processing, 
Miracle, Karingkit, VSP-3, VSP-6, and 
UPLSP-5 were the best performers. 

China. With 6 million ha of sweet 
potatoes, China has a rich tradition of 
vi!!age-level processing. CIP is working 
with the Food Science Laboratory of the 
Sichuan Academy of Agricultural Scien-
ces at Chendu, Sichuan Province, to 
document and improve established pro-
cessing techniques for sweet potatoes in 

largest sweet potato producing province 
in China, and local farmers and rural 
entrepreneur, have considerable ex
perience in sweet potato processing 
utilizing labor-intensive techniques. The 
principal products are starch, noodles, 
and dried chips. Major constraints iden
tified in a recent baseline survey included 
low starch recovery rates due to ineffi
cient processing equipment and non
availability of high-starch cultivars. 
Research to increase the economic ef
ficiency of processing methods is under 
way to increase income from sweet 
potato processing. Semi-mechanized 
proc.-ssing is being developed and 
evaluated at the village level. 

Thailand. In collaboration with the 
Department of Agricultural Extension, a 
baseline survey is being carried out on 
production and utilization of sweet 
potatoes. Preliminary findings indicate 

.. .. .e g
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Products made from sweet potatoes are highly nutritious. Inthe developing world, 

sweet potato flour isbeing used as a substitute for cereal flour in bread making. 
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that sweet potatoes are used pre-
dominantly for fresh consumption, with 
only a small proportion being processed 
into sweets and snacks. Processing for 
starch also has potential, if prices for 
fresh roots can be reduced. 

Indonesia. A baseline survey carried 
out by the Central Research Institute for 
Food Crops identified a total of 10 dif-
ferent sweet potato products in various 
ri-tail e'itlets in West Java. However, 
these 1.roducts account for only a very 
small proportion of total sweet potato 
production. Most sweet potatoes are 
consumed when fresh or are u..-d for 
animal feed. Existing processing methods 
are being documented and evaluated. 
Future research will identify additional 
market opportunities for sweet potato 
products used for human consumption, 
as well as for animal feed. 

Peni. A pilot survey of sweet potato 
consumption and processing at Lima 
found that processed products for 
human consumption included flour, 
starch, chips, and bread, with the foliage 
being used for animal feed. Preliminary 
results of the consumer interviews indi-
cate a limited use of these products (e.g. 
starch is used only as an ingredient in a 

traditional dessert). The available infor
mation is meager, however, and other 
recent studies suggest considerable 
potential for substituting sweet potatoes 
for imported wheat flour in bread making 
(see Thrust X). As higher-income con

sumers use sweet potato products more 
frequently, a lower price might well ex
pand the market for both fresh and pro
cessed products. More information is 
needed regarding the influence of 
government policies, in the form of sub
sidies for wheat-based products, and how 
this may hamper the development of 
sweet potato products in Peru and else
where (e.g. the Philippines). 

At the Universidad Nacional Agraria-
La Molina, in a Master's thesis project, 
the chemical and nutritional characteris
tics of sweet potato cultivars in CIP's germ

plasm collection are being evaluated for 
possible use in bakery products. Of 150 
cultivars evaluated, only 15 were iden
tified as having low values of reducing 
sugars. Flour of suitable cultivars will be 
used to evaluate nutritional quality of 
bakery products, particularly bread, 
when 30% of the wheat flour is replaced 
by sweet potato flour. 
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Pollinated inflorescences in the field, identified for TPS production 
experiments. 



Thrust IX
 

Seed Technology 

Thrust Profile: 1990 

Worldwide collaborative research focused on improving agronomic characteristics 
of selected TPS progenies intended for seed production and use in warm climates. 
Several parental clones were identified with acceptable berry-setting capacity that 
produced TPS with tolerance to bacterial wilt infection and transplant shock, tuber 
uniformity and quality, and high yield stability. 

Techniques for increasing the efficiency of hybrid TPS production were tested in 
Chile, India, Italy, and Peru. Supplemental N applications were found to increase the 
production of TPS, but may reduce tuber production of the mother plant. In soils of 
medium P and high K content, additional doses of up to 160 ppm (P) and 240 ppm
(K), were found to be optimal for increasing flowering and TPS weight. Berry weight 
was increased by preplanting incorporation of farmyard manure, and by the addition 
of foliar fertilizers. The transformation of fertile clones into cytoplasmic male sterile 
lines to increase the efficiency of hybrid TPS production was successful in six clones 
and their crossing ability is being tested. 

Additional research emphasized postharvest handling of TPS. Seed-vigor losses 
following harvest of the TPS were shown to progress at a slower rate during storage,
when the seed had been p,'oduced with high N. The storability of TPS was better 
maintained in a dry environment, as compared to when exposed to ambient air. 
Seedling-vigor testing of selected TPS progenies at various periods of storage
demonstrated that the seed must be after-ripened at about 5%to 7% moisture content 
(dry-weight basis) and under moderate temperature (20C) cjnditions for at least 12 
months, before the seed can be sown effectively in high-temperature environmeis. 
Presowing of TPS in a solution of KNO 3 + K3PO 4 followed by seed drying (osmotic
prinitg) was an effective treatment for enhancing seed vigor at supraoptimal (30C) 
temperatures. 

The efficiency of seedling-tuber production techniques was further improved in 
extensive studies conducted in India and Peru. Collaborative projects continue to 
expand successfully in Paraguay, Venezuela, Cameroon, and Indonesia. The studies 
investigate the technical problems and develop modifications needed at each site for 
optimal use of TPS in a seedling-tuber production system. 
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CIPhas increased the extent of its collaboration towards strengthening or develop
ing seed-tuber propagation systems in Bolivia, Burundi, Colombia, Venezuela, Kenya, 
Myanmar, the Philippines, and Peru. The objectives of these projects include: the 
analyses of limiting factors of potato production and of itlxditional seed-tuber dis
tribution systems; the transferring of information such as simple positive selection of 
healthy plants and advanced rapid multiplication and diffused-light storage techni
ques; and the development of simple flush-out basic seed systems. Farmer participa
tion is an integral part of the process in all projects. A case study exploring the 
strengths and weaknesses of local seed systems was completed in Kenya. 

Research on the improvement of sweet potato propagation techniques was con
ducted under a wide range of environments. Agronomic and climatic factors affecting 
flowering and seed production were identified. The use of in vitro-propagated 
plantlets, larger unrooted cuttings, and rooted cuttings was shown to result in a faster 
establishment and growth, and increased flowering. Increased plant N uptake and 
root yields were obtained by the incorporation into the soil of various Azospirillurn 
strains. 

TPS Progeny Evaluation 

The International Progeny Evaluation 
Trials were conducted at 14 locations 
representing a wide range of environ
ments worldwide. In Peru, progeny per-
formances in these trials generally 
differed at San Ramon and Lima, which 
represent a humid and a dry tropical en-
vironment, respectively, and fG: the two 
seasons of evaluation. Some progenies, 
however, showed relatively stable 
production in all,;nvironments. These in-
clude Maine x C83.119, Serrana x LT7, 
C83.174 x C83.119, C83.119 x 
AVRDC1287.19, and C83.119 x Y87.013. 
In these trials, the parent C83.119 trans-
mitted high yields and stability levels to 
its progenies, 

In evaluations of advanced progenies 
in Lima, the treatments included two ir-
rigation systems and two transplanting 
methods. The plants of progenies 
Y84.027 x 377964, LT-9 x AVRDC-
1287.19, and YY-7 x LT-7 showed high 
tolerance to transplant shock, as the vigor 
and potato yields were unaffected in 

those treatments in which bare-rooted 
seedlings were transplanted to the field. 

Sixty selected progenies from new 
parental lines of improved agronomic 
and reproductive characteristics were 
evaluated under cool (Huancayo) and 
warm (San Ramon) conditions. Most of 
the progenies outperformed the controls 
for most of the agronomic traits evaluated 
(which included tuber characteristics). 
At San Ramon, 15 progenies selected 
from a population adapted to warm 
climates were evaluated during the hot, 
rainy season, under conditions of severe 
bacterial wilt infection. Several 
progenies yielded well, confirming their 
potential for use in those conditions. 

A sample of 45 families was evaluated 
at San Ramon (dry season) and La 
Molina (winter season) to determine the 
genetic parameters for this population. 
The North Carolina design I used a 
sample of 15 male clones and 3 female 
clones per male in 3 sets. Parental clones 
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that transmit their good agronomic and 
reproductive characters to their 
progenies have been identitied and will 
be used as TPS parental lines. 

At San Ramon, 220 clones previously 
selected for adaptation to warm climates 
were evaluated for their flowering and 
fruit-setting capacity during both the dry 
and rainy seasons. Several clones were 
identified as having suitable reproductive 
characters (Table 9-1) and will be used in 
the TPS program as parents to further 
assess their potential. 

Protoplast fusion was used to trans-
form clones for cytoplasmic male sterility 
(CMS). Using pollen of knownTPS male 
parents, such as 7XY.1, LT-7 and Atzim-
ba, these clones were crossed to assess 
their efficiency as progenitors and the 
segregation of their progenies. Two of 
these clones produced tetrad CMS pol-
len, but only Y245.7 showed good 
agronomic performance and potential 
for use as a parental line in TPS produc
tion. Over 300 genotypes were evaluated 
as potential TPS parents and screened 
for tetrad CMS at Huancayo, San Ramon, 

and La Molina. Of the population, six 
clones were identified as having tetrad 
CMS pollen: C386LM87-B, C116LM87-
B, C137LM87-B, 382301.1,382302.2, and 
382291.1. Tests of their crossing ability
are under way. 

A general scheme for agronomically 
evaluating TPS progenies was tested for 
a second year at two locations in Peru. In 
this approach, evaluations are made of a 
set of advanced progenies from the TPS 
breeding program at CIP, using 2 me
thodologies: 1)direct production of con
sumption tubers by transplanting
seedlings to the field, and 2) use of seed
ling tubers. The seedling tubers are 
produced in beds under controlled ir
rigation in the highlands. Tubers 3.5 cm 
to 5.0 cm in diameter are planted at Lima 
and San Ramon the following season, 
along with transplants of the same 
progenies. New improved TPS progenies 
are being incorporated into this evalua
tion scheme each year. 

In India, locally developed hybrid
progenies were evaluated in Modipuram 
and Tripura. In Modipuram, 13 hybrid 

Table 9-1. Evaluation of advanced TPS parents for various reproductive characters in warm 
environments. San Ramon, Peru, rainy season. 

Characters 
Clones Yield/pt Earliness DFI Fl FD F/I SL AT BA PP 
Clone 42 LM88 B 1.2.4 5 40 7 6 5 5 2 2 3
Clone 43 LM88-B 1.08 5 45 7 6 5 5 2 2 5
Clone 152 LM88-B 1.00 7 38 5 6 5 4 2 2 5 
Clone 61 LM88-B 1.00 7 45 7 7 7 4 2 2 5
Clone 44 LM88-B 0.94 5 38 7 7 5 5 2 2 5 
Clone 18 LM88-B 0.90 6 38 5 5 5 4 2 2 5 
Clone 45 LM88-B 0.90 5 39 6 5 5 4 2 2 5
Clone 517 LM88-B 0.71 6 39 7 6 5 5 2 2 5
Clone 339 LM88-B 0.70 7 39 7 7 5 7 1 1 5
Clone 39 LMP ,-B 0.70 5 46 3 3 5 4 2 2 5 
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families: HPS-IIII, HPS-I/13, HPS-I/67, 
HPS-2/67, HPS-2/III, HPS-2/13, HPS-
7/111, HPS-7/PPS, HPS-24/III, HPS-
25/30, HPS-27/III, HPS-26/PPS and 
HPS-(II x I) were evaluated for seedling-
tuber production in nursery beds. One to 
two seeds were sown at depths of 1/2 cm 
to 1 cm, with 10 cm x 10 cm spacing. 
After 2 weeks of germination, the seed-
lings were thinned down to a desired level 
of 100 plants/m2. All populations had an 
optimum plant density, except HPS-
26/PPS, which had approximately 50 
plants/m The cropwas dehaulmed after 
90 days of seed sowing and at harvest, 
observations were recorded on total 
tuber yield, number of different sizes of 
seedling tubers, and segregation. 

At the same location, the field perfor-
mance of 17 hybrid families transplanted 
to the field was evaluated for consumer 

or seed production. Also evaluated were 
11 families of which different sizes of 
seedling tubers had been used for plant
ing. In the trial of the 17 hybrid families, 
percentage of seedling survival recorded 
45 days after transplanting was above 
75% in all progenies (Table 9-2). Except 
for HPS-2/13 and HPS-10/IlI, the tuber 
yield produced by TPS families was more 
than 20 t/ha. HPS-12/13 gave the highest 
tuber yield, but it showed poor tuber 
uniformity. TPS families HPS-7/III and 
HPS-25/13 gave 31.7 t/ha and 33.2 t/ha 
tuber yields, respectively, which is as 
good as or better than the best cultivars 
being used by the farmers. Percentage of 
marketable sized tubers of TPS families 
ranged from 55.1% to 88.7%. Some of the 
hybrids had ove-r 80% marketable yields. 
In general, the number of tubers produced 
per unit area b'/ TPS families was much 
higher compared to that of the cultivars. 

Table 9-2. Evaluation of TPS families as transplants at CPRS, Modipuram, India (1988-89). 

TPS Survival Yield Marketable Tubers Av. tuber Tuber 
family % (t/ha) yield (%) (no./m 2 ) wt. (g) uniformity 

HPS-1/III 85.8 ab 26.7 cd 84.7 ab 114.3 cd 23.7 bc 5.0 
HPS-1/13 86.3 ab 25.3 d 88.6 a 98.7 cd 27.3 ab 5.0 
PS-1/67 95.9 a 23.3 cd 79.5 abc 139.7 abc 20.0 cde 5.0 
HPS-2/111 92.1 ab 23.8 de 83.7 ab 110.0 cd 21.7 bcd 5.0 
HPS-2/13 85.4 ab 19.1 ef 85.6 ab 76.7 d 24.7 bc 4.7 
HPS-I1/III 90.0 ab 28.3 bcd 87.6 a 109.0 cd 26.0 bc 4.5 
HPS-7/I1 91.3 ab 31.7 abc 75.1 abc 173.3 ab 20.7 cde 5.0 
HPS-7/67 92.9 ab 25.2 d 63.9 cd 145.0 abc 16.7 def 4.0 
HPS-7/PPS 84.6 b 23.9 de 68.4 bcd 190.7 a 12.7 f 3.0 
HPS-8/PPS 85.4 ab 23.6 de 55.1 d 169.3 ab 15.0 ef 2.0 
HPS-10/111 86.7 ab 15.6 f 70.9 abcd 112.0 cd 14.0 f 3.3 
HPS-12/111 90.0 ab 22.5 de 73.0 abc 107.3 cd 21.3 cd 3.0 
HPS-12/13 90.0 ab 37.5 a 87.1 a 111.3 cd 32.3 3.0 
HPS-25/I1 75.0 c 26.0 cd 86.4 a 101.0 cd 25.3 bc 4.0 
HPS-25/13 88.8 ab 33.2 ab 87.3 a 123.3 bcd 27.3 ab 5.0 
HPS-26/PPS 89.2 ab 27.1 cd 75.2 abc 138.3 abc 20.3 cde 3.0 
HPS-27/111 87.1 ab 23.1 de 84.0 ab 95.3 cd 24.3 bc 

Duncan's Multiple Range Test at P < 0.05. 
Tuber uniformity (shape, size, and color). 
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Seedlingd production in nursery beds, 

Average tuber weight of all TPS progenies 
was between 12.7 g and 32.3 g; however, 
some of the TPS families had poor tuber 
uniformity (a score of 3 or lower), 

In the seedling-tuber evaluation, 
tubers of2-5 g, 5-10g, 10-20g, and >20g 
of 11 TPS families were evaluated for 
their field performance at Modipuram 
during 1988-89. The same-sized seed 
tubers of cultivar Kufri Bahar were also 
planted for comparison. The crop was 
dehaulmed after 90 days of maturity. 
Tuber yield (t/ha), marketable yield (%), 
tuber number of tubers/m2, and average
tuber weight (g) were recorded at har-
vesting. Hybrid HPS-1/13 produced 
higher tuber yield than did cv. Kufri 
Bahar. But the marketable yield produced 
by Kufri Bahar was higher than that of all 

other TPS families. TPS families 
produced more tubers per unit area than 
did the cultivars. Average tuber weight of 
cv. Kufri Bahar was superior to that of all 
other TPS hybrids. 

In comparative field trials using 
second- and third-generation seed tubers 
of TPS families, the yield potentials of 
seed tubers of both generations were 
similar. After 90 days of maturation in the 
field, the crop was dehaulmed and the 
yields of both generations of plants were
compared to that of locally grown cul
tivars. Thus, the farmer could use part of 
the produce from each generation to 

Splant his next crop without substantial 
loss of yield. In Tripura, completely op
posite findings were obtained in a trialsing 5 hyb rids, 1 0OP, and the cv . K ufri 
Jyoti as control. Similar-sized seedling 
tubers were used, after 1 or 2 field propagations. The results showed significant 

yield differences for both generations. 

Seedlings of 11 hybrid and two open
pollinated (OP) TPS families were 
transplanted to the field at a spacing of 
60 cm x 15 cm, and survival percentages 
of all families ranged from 74% to 92%. 
HPS-I/67 had the highest survival rate. 
Hybrid HPS-7/III produced the highest 
tuber yield, and OP TPS-2 was the 
poorest yielder. Tuber yield of some of 
theTPSfamiliesequalledthatofcv. Kufri 
Jyoti, but the average tuber weight in all 
TPS families was much lower. 

In a comparative field trial using seed
ling tubers graded as 5g, 10 g, and 20 g, 
that were produced in beds in the pre
vious season, HPS-7/13 was the highest 
yielder and TPS-2 (OP) was the lowest. 
The crop was dehaulmed after 96 days of 
planting. Plants from seedling tubers of 
the three sizes had statistically similar 
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yields. Seedling tubers of 5 g and 10 g
produced maximum number of tubers 
per unit area and had the lowest average 
weight. 

In another experiment, using 20 g, 
40 g, and 60 g seedling tubers produced 
from transplants during the previous 
season, and dehaulming the crop 96 days 
after planting, the different sizes did not 
differ in yields or number of tubers/m2. 
This finding suggests that the farmer 
could sell those tubers larger than 20 g 
for consumption and uce the non-
marketable produce as seed for his next 
season's crop, without loss in yield, 

One of the best performing progenies 
in several Asian countries, HPS-I/13,was 
compared for three consecutive seasons 
to the locally grown cultivars (Fig. 9-1) at 
three locations (Modipuram, Deesa, and 
Agartala). The marketable yields for 
HPS-I/13 were ,enerally lower as com-
pared to those of cultivars. But the 
proportion of market-sized tubers in this 
progeny was higher than 60% at all three 

Yield (V/ha) 

50 Mod 1/13 

Mod cv 

40 - Deesa 1/13 

30 

20 -

10
 

locations during the three seasons. Be
cause seedling tubers from transplants of 
this progeny normally have produced 
higher yields, the finding that they have 
approximately 40% non-marketable 
tubers (ranging from 10 g to 20 g) can be 
considered as an advantage, because this 
fraction could be ideal for use as seed in 
the next season. Furthermore, an eco
nomic analysis of the data indicated that 
the cost of production of this fraction for 
HPS-1/13 was about US$38 per ton, as 
compared to regular market prices of 
approximately US$152 per ton of seed 
tubers. Also, instead of the 2.5 t of con

mercial seed tuber normally used to plant 
one hectare, the farmer would require 
only 1.7 t of seedling lubers obtained 
from the 10 g-20 g portion. 

Generally, the average weight of
tubers from HPS-1/13 transplants is 

lower than that of the cultivars. Further 
hybrid progenies are being screened to 
improve this characteristic. 

[1 R-" sacv 

[ Agartala 1/13 

I Agartala cv 

__r
 

1986-87 1987-88 1988-89 

Year 
Figure 9-1. Comparative yield (tlha) of seedling transplants of HPS 1/13 and 

locally grown cultivars. 
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In the Philippines at Canlubang, new 
progenies of locally selected parents 
were evaluated for yield and other 
desirable characteristics. The hybrid LT-
7 x LBB is a promising progeny, having 
high yields, tubers of uniform shape and 
color, and large size. 

At two locations in Italy, Marigliano, 
near Naples, and Camigliatello, in the 
Calabrian region, seedlings of 28 hybrid 
TPS families were transplanted at both 
locations, using 2 seedlings per hill and 
10 hills per plot. Best results were 
achieved by the progeny UP 88201 x 
AVRDC-1287.19, with total tuber 
production of 5 6 t/ha. Chiquita xAVRDC-1287.19 had bestthe tuber 
uniformity and excellent tuber quality, as
well as good yields. 

At Camigliatello, hybrid families 
producing encouraging results included: 
UP88.201xAVRDC1287.19, UP88.201 
x W 842, Spunta x CFK69.1, W842 x 

Production of Hybrid TPS 
Seed Production of Selected Hybrids 

In Lima, 9 female and 11 male pro-

genitors were crossed to produce TPS for
 
distribution and regional evaluation of 38 

new hybrids and 2 OP progenies. All 

parental material from
came 
transplanted in vitro plants. Sufficient 
quantity of seeds was obtained, except 
when pollen of TS-1 and TS-2 was used. 
Crosses made with those two male 
parents were affected by the low viability 
andrapidlossofgerminabilityofthepol-
len after short periods of storage. 
Similarly, little or no flowering was ob-
served in LT-9 and Atlantic female 
progenitors. The plants were drip ir-

AVRDC 1287.19, W 842 x R 128.6, UP 
88.202 x AVRDC 1287.19, UP 88.203 x 
AVRDC 1287.19. They produced excel
lent yields and high tuber quality that 
compared very well with results obtained 
from commercial varieties used in the 
region. 

CFK69.1 and AVRDC 1287.19 were 
the best male parents for transmitting 
good traits for tuber yield quality to their 
progenies. The best female parental lines 
were UP 88-201, UP 88-202, UP 88-203, 
UP88-204, and UP88-205. 

At Marigliano, the best results foryielu and quality were achieved by 
Morene x BR-63.15. Progenies OP of the
CIP clone LT-5 produced excellentyields, with a total tuber yield of 57.1 t/ha.
At Camigliatello, Morene x BR-66.15 
provided the best combination for yield 
and quality, and LT-5 OP again per
formed well. 

rigated, fertilized with supplementary 
nitrogen, and treated with a 3-hour night 
break. 

In Italy, a diallelic crossing block in
volving 7 progenilors (V-2, R-128.6, LT
5,1-931,1-1062, CFK 69.1, and AVRDC 
1287.19) was used to produce hybrid TPS 
for local testing and for distribution in 
CI 
oP Region IV. The TPS was produced 

on 2-stem plants grown under screen
house conditions with high rates of N 
fertilization applied at weekly intervals. 
The fruitswere left to mature on the plant 
for about 10 weeks before extracting the 
seed. 
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Eight kilograms of seed of advanced 
CIP hybrids were produced under con
tract with INIA in Osorno, Chile. Vari-
able amounts of hybrid seed have been 
produced through this contract in the last 
five years (Table 9-3). Production in 
Chile highlighted the importance of 
maintaining high pollen viability, using 
plants of high sanitary condition, and 
using efficient hybridization methods. 

In Kothi, India, attempts were made 
to produce substantial quantities of TPS 
of 8 hybrids for large-scale on-farm 
evaluation. The 8 hybrids were HPS-I/13, 
HPS-1167, HPS-7/13, l-IPS-7/67, HPS-
2/13, HPS-2/67, HPS-25/13, and HPS-25/6, chsenthn bass ofthei 
25/67, chosen on the basis of theirOf 
performance in the previous years ",tdif-
ferent locations. In total, 4.58 kg of hybrid 
TPS was obtained from these hybrids. In 
addition, approximately 1 kg of TPS was 
obtained from 54 different test crosses, 
when 27 new hybrids developed as 
female lines were crossed with two elite 
male testers (TPS- 13 and TPS-67). These 
newly generated TPS families are being 
analyzed for TPS quality, germination, 
field establishment, yield potential, and 
plant and tuber characteristics. A stan-
dard procedure for extracting and 
processing TPS developed in CIP Region 
VI was followed for extracting the seed 
of this year's production. 

Soil Nutrients and Flowering 

Several experiments on fertilizer applica
tion and rates were conducted on dif
ferent soils from various regions of Peru. 
Higher doses (240 ppm) of N significant
ly increased flower;ng and TPS setting, 
but reduced tuber production on Atzim
ba potatoes in a sandy loam soil, with 
neutral pH, low in organic matter and N 
content with medium levels of available P 
andK.ThesourcesofNurea, ammonium 
nitrate, and ammonium sulfate did not 
diffe,' in their effects on flowering and 
fruit production. 

In soils with medium content of avail
able P (6 ppm to 8 ppm by Olsen), doses 

P205 increasedT 8 ppmto n signif b hinre 
rates affected TPS weight. 

The use of simple and triple super
phosphate, and of ammonium phos
phate, had a similar effect; rock 
phosphate (30% of P205) was shown to be 
agood source of P for soils that had a pH 
level of less than 6.5 and little available 
phosphorous. 

In alluvial soils from the Peruvian 
coastal valleys of Cafiete and Chincha, 
characterized by a high content of avail
able K, the addition of fertilizers in
creased flowering and berry formation; 

Table 9-3. Area, number of female and male plants, berries, and hybrid TPS produced in Osor
no, Chile, over 5 seasons. 

Area Number of plants Berries Seed wt. 
Year (M2) M F (kg) (kg) 

1984/85 818 781 383 372.4 5.4 
1985/86 2,743 2,411 1,420 1,140.34 13.2 
1986/F7 2,655 2,414 1,215 481.20 5.8 
1987/88 3,669 2,870 2,610 2,835.15 32.4 
1988/89 2,766 2,158 2,294 687.36 8.0 
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Hybrid TPS production at the La Pampa Station (INIA), Osorno, Chile, 1988-89. 

however 240 ppm of K20 reduced berry 
set and 100-TPS weight. A formulated 
fertilizer mix of K2SO4 and MgSO4 per-
formed better than did formulas contain-
ing only K. 

atAppledt weekly intervals beore 
flowering, 2 foliar applications of fertili-
zer containing macro- and micro
nutrients increased the number and size 
of berries and the 100-TPS weight; how
ever, there was no improvement in the 
rate of TPS germination and vigor of 
potato seedlings during the first 20 days. 

Applied weklyintrval before 

Light Duration 

In Lima, Peru clones DTO-28 and LT-7 
were studied under greenhouse condi-
tions to determine the effects of 
daylength on flowering. The daylength 
treatments were increasing, constant (15 
hours), and decreasing. Decreasing 

daylengths caused a significant increase 
in pollen production on the DTO-28 
clones but not in LT-7. Flowers produced 
on LT-7 in plants subjected to the con
stant daylength treatment had pollen of 
lower viability. Neither clone produced,flowers on control plants grown under 12 
hours o ligt 

TPS Physiology 

TPS handling. The performance of seed 
when sown has been demonstrated to be 
strongly affected by general conditions 
during the seed development phase, and 
after harvest. Periodic high applications 

of N following pollination improve per
formance and this practice is routinely 
used in TPS production. 

To investigate the effects of moisture 
conditions in storage on seed germina
tion and seedling vigor, TPS of the cross 
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Table 9-4. Effects of N applied during seed production and moisture conditions during seed 
storage on the coefficient of velocity (CoV) and percentage of germination, after 7, 11, and 14 
months of storage. 

Storage C'oefficient of velocity Percent of germination 
period Nitrogen: b iw 

(months) Moisture: Amb Dry Amb 

7 14.0 16.0 13.4 
11 17.8 29.3 16.7 
14 2 15.0 31.6 15.0 

Linear R -is ns 
Quadratic R .98*" .99*" .97 

Atzimba x DTO-28 was grown with high 
and low nitrogen fertilizer applications, 
The TPS was stored at room temperature 
in ambient air (9% to 12% seed mois-
ture) and dry (5%) conditions. Gcrmina-
tion tests were performed under 
favorable conditions after 7, 11, and 14 
months of storage (Table 9-4), and see-
dling vigor was tested after 14, 20, an' 23 
months. The rate and percentage of gcr-
mination (0 to 8 days after sowing) were 
more strongly influenced by the mokturc 
conditions during storage than ty fer. 
tilizcr application: dry seed germinated 
more quickly and at higher rates than did 
TPS sored in ambient air. The rate of 
germination showed a linear association 
with time in storage and the percentage 

High 

Dry 

Low 

Amb Dry Arb 

High 

Dry 

18.9 
25.2 
30.2 

80 
100 
57 

75 
99 
9) 

68 
98 
99 

95 
95 
99 

.98** ns 
.90** 

* 
.80"* 

ns 
.89** 

ns 
ns 

was high (>_95%) in dry seed produced 
with high N (Table 9-5). The responses 
for other treatments were curvilinear; 
germinationi potential began to decrease 
by the 14th month in storage. Seedling 
vigor parameters were shown to be in
fluenccd more strongly by N treatments 
during seed production. High-N seed 
had much higher rates and percentages 
(0 to 10 days) of emergence and seedling 
dry-weight (17 days) levels than did low-
N seed, partict larly when stored dry. In 
storage, low-PQ seedling emergence 
parameters decreased linearly with time, 
whereas high-N seed showed linear in
creases in rate of emergence and the per
ccntages were high (95%). These 
findings suggest that TPS should be 

Table 9-5. Effects of nitrogen app!ied during seed production aid mo:z'ure conditions during 
seed storage on the coefficient .' velocity (CoV) and percentage o! emergence, after 14, 20, and 
23 months of storage. 

Storage Nitrogen: Low High 
period Moisture: Amb Dry Amb Dry 

(months) Cov % CoV % CoV % CoV % 

14 10.8 68 10.9 71 13.1 97 14.1 100 
20 3.8 2 0.0 0 13.0 78 14.7 95 
23 .0 0 2.5 1 14.3 96 14.9 98 

Linear 2 -.74 -.90 -.U -.88 .29 .04 .55 .14 
Signifi. (R) ns ns 
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produced with high N and stored dry for 
sowing under favorable conditions. 

Presowing TPS treatments. Prcsowing 
treatments were compared for seedling-
stand establishment under screenhouse 
conditions with old (> 18 mo) and new 
(<6 mo) seed for 3 potato crosses. The 
treatments consisted of soaking the seed 
in solutions of KNO3m + K3PO4 at 1.0 
MPa (priming) and gibberellic acid at 
1,500 ppm (GA1500). Evaluations of 
emergence and seedling growth para-
meters were performed within the first 17 
days after sowing under mean (max.) air 
temperatur 3 of 29C and 34C. Seedling 
vigor levels were lower in the second test 
(34 C) thaninthe first (29C). In both tests, 
overall seedling performance was highest 
in seed of the cross Atlantic x LT-7. Old 
seed was more vigorous than new seed,
particularly when the crosses Atzimba x 
R128.6 and Serrana xLT-7were tested at 
34C. Priming increased early emergence 
over the other treatments at 34C and in-
creased seedling dry weight in both tests 

Dry wt First test (290 C)
 
(mg/plant)
 
10 

E] Priming 
[ LSD (5%) E GA 1500 

Rinsing 

6 

4 

2 

A B C 
TPS cross 

Figure 9-2. Mean seedling dry weight as 
affected by presowing treatments. 

(Figs. 9-2 and 9-3). GA1500 generany 
increased final emergence in Serrana x 
LT-7. It was concluded that for sowing 
TPS at high temperature a) the genotype 
is a crucial factor, b) sufficient seed 

Dry wt/plant (mg) Second Test (340 C)
8 

E0 New 
B] Od 

6 
6 LSD (5%) 

4 

PRI' GA RIN PRI GA RIN PRI GA RIN 

Cross A Cross B Cross C 
Figure 9-3. Effect of presowing treatments and seed age on seedling dry
weight. (PRI1 = Priming; GA = GA 1500; RIN = Rinsing.) 
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storage (> 18 mo) may be essential, and 
c) seed priming is more effective than the 
standard GA1500 treatment. 

Storageof treatedTPS. The presorva-
tion of the effects of various seed treat-
ments during storage at two 
tIemperatures was evaluated, using TPS 
ofAtlanticxLT-7,AtzimbaxR128.6,and 
Serrana x LT-7 that were produced in 
1987 and 1988 in Chile. The 7'PS treat-
ments were a priming solution (KNO3 + 
K3P0 4 at 1.0 MPa), gibberellic acid 
(1,500 ppm), and rinsing (water for 5 
min).The treated seed was stored for 4 
months at 2 temperatures: 5C and 22C. 
The priming effects were preserved bet-
ter at 5C than at 22C. Seedlings produced 
with the priming treatments showed a 
higher coefficient of velocity and greater 
dry weight than did those with the rinsing 

TPS Agronomy 

TPS In Seed-Tbber Programs 

South America. A collaborative project 
between the Ministry of Agriculture 
(MAG) and CIP was initiated in 
Paraguay to produce large volumes of 
seed tubers of 2 selected TPS progenies: 
Atlantic x LT-7 and Serrana x LT-7. 
These seed tubers will be used as the 
basis of a system to supply local farmers 
with high quality seed tubers. The tubers 
were produced by transplanting seed-
lings into 600 m2 field beds, at a rate of 
about 50 per m , at 2 different experi-
ment stations. The plants were harvested 
3 months after transplanting and the 
tubers stored for 3 months, before plant-
ing in February for further multiplica-
tion. The tubers of 4 progenies produced 
last year also were planted in plots at both 
stations to assess the bzst adapted 

124 Thrust IX 

treatment. Priming of seed stored at 5C 
produced the highest seedling vigor and 
dry weight/plant. In general, the priming 
treatment produced better performance
than did the standard gibberellic acid 
and presowing rinsing treatments. 

In India, studies using freshly ex
tracted seed of 4 sizes showed that a 
solution of 10% HCI can be safely used 
to soak seed for up to 80 min.to remove 
the mucilage and to clean fungus or bac
teria from the seed coat. The effects of 
seed size were also studied in another 
experiment to determine the proportion 
of different embryotypes and their 
relationship to seedling vigor. Seedling; 
from large seed with embryotype A, i.e. 
fully developed embryos, were shown to 
be more vigorous than those from seed 
with embryotype B. 

progenies. They were also planted in a 
large production field at the experiment
station. In addition, some of the tubers 
were distributed to farmers to obtain 
their help in identifying potential 
problems that may need further research. 

In four farmers' fields in Venezuela 
(states of Trujillo and Merida), seedling 
tubers were produced in beds and 
planted in the field after the regular 
storage period. (One of these farmers has 
been growing potatoes from seed tubers 
that originated from true seed sown in 
beds on his farm about 5 years ago. He 
obtained 20 t/ha last season). Due to the 
potential for adoption of this method of 
potato production in those regions, two 
methods of seedling-tuber production in 
seedbeds were evaluated by the national 
scientists: direct sowing and transplant



ing seedlings into the seedbeds. The 
transplanting method showed better 
plant establishment, higher yields, and 
improved tuber-size distribution. Of the 
different progenies tested, Atzimba x 
104.12 LB showed the most promising 
resultu, vith yields of more than 9 kg per 
mn2 of seedbed. 

/ifrica. In Cameroon, preliminary 
evaluations have indicated that seedling-
tuber production in nursercs can be an 
appropriate method for providing 
quality-protein planting materials to 
farirers at low cost. When seedlings are 
transplanted to the field under the high-
stress conditions of the production sites, 
they traditionally have shown poor field 
establishment; however, this limitation 
can be overcome by nursery production 
of seedling tubers. In Mfonta (1,3(X) m) 
16 progenies were evaluated in nurser y 
beds, at a plant density of 100 plants/m . 
Seedling tubers were harvested 90 days 
after transplanting and the highest yield-
ing progenies were CFK69.1 x DTO28, 
Atzimba x R128.6, Atzimba x 104.12-LB, 
and 1-931 x AVRDC 1287.19. On the 
Upper Farm, crop production fre,'i secd-
fing tubers of 13 progenies was compared 
with that of three commercial varieties. 
Six of the progenies outyiclded the three 
varieties and had greater resistance to 
late blight. The three highest yielding 
progenies were CFK 69.1 x 104.12LB, 
CFK 69.1 x DTO28, and Atzimba x 
104.12LB. 

In Sri Lanka, progenies are being 
adapted to the local conditions. Im-
proved TPS parents were identified from 
locally-selected clones and large quan-
tities of hybrid TPS are being produced 
to replace the less productive progenies 
used in the past. 

Trials for agroeconomic evaluation of 
the use of TPS continued at a number of 
locations in India. Economic studies have 
demonstrated clear advantages of TPS 
use in many areas; thus, TPS is attracting 
increasing interest by farmers (see 
Thrust X). 

A very active TPS agronomy program 
is under way in the Patna region, under 
CPRS supervision. Seed of the best 
progenies have been selected through 
systematic evaluation in India and have 
been distributed to Bangladesh, Nepal, 
Sri Lanka, and the Philippines. 

TPS progenies that have shown 
promising results at specific growing 
pomsing restiattspecifirgrwinlocations were distributed to farmers tobe tricd on-,arm. 

TPS technology was introduced at 2 
isolated growing areas of the Philippines 
(Canlaon, Negros and Lantapan, Bukid
non). In Canlaon, farmers h-ve success
fully sustained TPS produc on 3 years 
after its introduction, with rr st TPS now 
grown with seedling tubers. 

In Lantapan, where bactexial wilt is a 
limiting factor for potato production, 
TPS was introduced to provide clean 
seed. Twenty interested farmers were 
provided with TPS, and instruction on 
production; :hey are now obtaining 1.7 
kg-3.8 kg per m from their beds. Seed
ling tubers of the first generation were 
planted in June 1989. In September 1989, 
TPS was distributed (sold) to various 
farmers in Mindanao along with careful 
instructions on how to grow the crop 
from TPS. 

True seed production continues in 
Dalat, Vietnam, where hybrid TPS 
production was initiated in 1989 at the 
Potato Research Station and 200 g of 
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hybrid seed were produced. Generally, 
plants were staked and allowed to main-
tain 5 flowers resulting in 3 fruits per 
stem. On average, 100 seeds were ob-
tained per berry. The female parenit was 
CFK69.1, while male parents included 
LT-7, 38.6, 7XY.1, 88.14, 88.8, and I-
1039. Production is expanding for 1990. 

In the Red River Delta (RRD) area, 
during the 1988-89 season, only 10 kg of 
TPS (OP) were utilized for transplanting 
in 6 cooperatives (Haihung 2, Langson 2, 

Seed-Tuber Propagation 

Bolivia. A 12-year research project 
funded by the Swiss Development Agen-
cy has been started by the Bolivian 
Agricultural Research Institute (IBTA) 
and CIP to analyze the limiting factors of 
potato production and to strengthen the 
national program by developing and 
transferring appropriate technologies, 
An intensive workshop was conducted 
with key organizations participating to 
define the objectives and activities to be 
implemented by the project. 

Burundi. CIP is collaborating with the 
Burundi National Potato Seed Project to 
produce large quantities of prebasic seed 
for wide distribution and to develop tech-
nical information aimed at promoting on-
farm seed reproduction systems. A 
greenhouse and an in vitro laboratory 
were completed and equipped, with as-
sistance from Belgium. In vitro-derived 
tubers produced in 6isozi were planted 
on 1 ha at Mwokora, and on 18 ha at 
Munanira. The seed tubers harvested will 
be distributed to rural projects and 
farn'rrs. At Mwokora, seed quality has 
been further improved through an in-
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and Hasonbinh 2). Approximately 700 ha 
of potatoes were grown from the tuber
lets during the 1988-89 season. Extensive 
adoption bas been limited by technical 
problems: too wet or dry conditions in the 
seedbed and after transplanting, and 
poor adaptation of existing progenies to 

short-day conditions. In the RRD, the 
breeding work is now focusing on the 
selection of TPS parental lines that will 
produce tuber yields of good quality and 
large size under cool short-day conditions. 

novative integrated approach for bac
terial wilt wontrol. Thirty farmers have 
participated in these trials, and 15 have 
rep'anted the seed produced in their own 
fie'ds. 

Colombia. In collaboration with CIP 
scientists, a project wasstarted by ICAin 
BoyacaandCundinamarcato 1)produce 
large amounts of prebasic seed using ad
vanced rapid multiplication techniques, 
and 2) diffuse the technology among
farmers. An aphidproof screenhouse 
(120 m 2) was completed in April at the
San Jorge Station. CIP has provided 
crude antisera against PVY, PVX, PVS, 
APMV, and APLV for processing and 
distribution to PRACIPA members. A 
study of the adoption of appropriate dif
fused-light stores for small farmers (pre
viously promoted by ICA/CIP) has 
indicated that these stores are well ac
cepted by the farmers. 

Peru. The third phase of CIP's col
laborative project with the Peruvian Na
tional Potato Program is designed to 
strengthen the capacity for self-sus

' tainability of four major facilities for 



basic-seed production. The La Molii-. 
facilities continued prebasic-seed 
production and distribution to the other 
units and basic-seed revenues from the 
year's sales have generated a reserve 
fund in addition to covering the opera-
tional costs of 1990. 

The traditional seed-tuber distribu-
tion systems of Peru vere analyzed to 
develop an effective decentralized 
strategy for distributing basic seed to 
widely dispersed communities of smallfarmers. Basic-see.d dissemination

farmrs.Basi-se--d issminaionsmall potato producers and 30 units ofthrough rural development projects hascontinued in CucHacao .aa 

Cuzco, Huancayo, Caja-
marca, and Puno. Information also was 
gathered to help increase the efficiency 
of distribution of high quality seed to 
small farmers, focusing on the Cajamar-
ca, Cuzco, and Puno areas. In Cuzco, a 
survey dealing with principal potato dis-
eases covered approximately 20% of the 
crop production area. In Caja.iarca, 500 
small farmers were surveyed and 250 
seed producers were identified. Survey
findings show that this broad-based 
traditional seed system handies 80 
varieties of petatoes that are in dlaily use: 
25 w- improved varieties and 55 are na-
t'i. The farmers identified bacterial wilt 
as the principal production problem,
which is of increasin~g concern. Tests portance of vectorswhich of virus and viroidisd of neaprconcenss radiseases is also under way. In the potato 
were made of new approaches for a 
basic-seed distribution with farmer par-
ticipation. Community assembliesselec-
ted the individual farmers who would 
receive 50 kg of basic seed, on condition 
that at harvest each would give 12.5 kg to 
four other farmers. Thus, with 500 kg or 
basic seed, 400 farmers obtained high 
quality seed. Tie demand for such small 
quantities of high quality seed far ex-
ceeded the supply. 

Other strategies to increase the ef
ficiency of basic-seed distribution to the 
informal markets of small farmers also 
were investigated. The most promising 
strategies were: 
* Selling allotments of 20 kg of basic 

seed at the weekly community fairs. 

o Selling allotments of 100 kg to 500 kg 
to communities. 

o Selling larger quantities to rural 
development projects. 

At Puno, a similar survey involved 419 

30uni of 
farmers reported that they grew 109 
varieties, of which only 19 were improved 
varieties. Their preferences for varieties 
d,)not differ, for production intended for 

peasantsa pooproduescooperatives. In nthe Puno area, 

home consumption or for market. Only9% of the Puno farmers were seed 
producers. Although potato growing is 
widely diffused i i Puno, individual plots 
are small and the average farmer uses 147 
k6 of seed tubers. 

Venezuela. Socioeconomic studies are 
being conducted to assess the impor
tance of prebasic seed-tuber production 
in Venezuela and the efficiericy by which 
the technical information is developed 
and diffused. Research to assess the im

growing area of the Caragua state, aphid 
vectors of the species Myzus persicae 
were more prevalent tiz.n were 
Brevicoryne brassicae, and popuiaionis 
increased near the end of the season, 
whcn rainfall decreased. At Trujillo, both 
species were important. At Monagas, A. 
citricola was predominant, and a fourth 
species, M. eupliobiae,was found. New 
materials for seed production have been 
introducec from CP, and a popular 
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variety (Andinita) was cleaned and 
returned to Venezuela to be propagated 
using in vitro techniques. The viroid 
PSTVd was not detected. A similar 
project will start next year in the 
Dominican Republic. 

Kenya. A new basic seed production 
approach proposed in 1987-88, has been 
implemented. The Agri,-ultural 
Development Cooperation will tproduce 
clean in vitro plant materials at the Plant 
Quarantine Station at Muguga; mother 
plants and prebasic seed at the National 
Potato Research Center in Tigoni; basic 
seed at Marindas; and certified seed at 
Molo. Research at Tigoni has focused on 
increasing the efficiency of mother-plant 
use for producing cuttings, tuberlets, and 
tubers. 

The Philippines. In Bcnguet Province, 
a survey was conducted as a follow-up to 
the 1987-88 on-farm trials that intro-
duced new cultivars through apical cut-
tings. This study assessed the potential 
for use of apical cuttings, as well as the 
farmer's acceptance of CIP clones. Of 64 
farmer cooperators, 50 grew CIP clones 
and shared with neighbors. The clones 
1-1035, P-7, and P-3 were the most 
popular. The area plant d to these clones 
increased substantially over that planted 
last year. The clone B71-240.2 (locally 
named Dalisay) also was widely grown, 
while the clones 1-1035 (released as Mon-
tanosa) and I-1039 are becoming important. 

The study findings indicate that cut
tings are a viable tool for potato produc-
tion, as demonstrated by high potential 
yield in farmers' fields. This practice can 
boost seed production by providing a 
source of clean planting materials. 
Tubers produced from these materials 
can tihen be used for large-scale production. 
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Myanmar. Since the variety Up-to
date was introduced in 1914, only a few 
small quantities of imported seed have 
been received (all before 1935); UTD 
continues to be grown from locally 
produced seed. Studies were begun in 
1984 to evaluate the need for a seed pro
gram. Using simple selection (positive 
selection of healthy plants), farmers 
started to improve their seed stocks. CIP 
also arranged to import seed tubers from 
the United Kingdom, and to have the 
local UTD cleaned ofall pathogens at the 
Plant Research Institute in Australia. 
Results of trials conducted during the 
summer season using seed from the UK, 
from Australian (positively selected), 
and from local unselected seed, showed 
that yields did not differ among crops. 
Yields during that season were less than 

20 t/ha for all seed used. For the spring 
crop, irrigated local sced produced 
slightly lower yields than did the other 
seed. lnvirustcstingwithELISA,allsced 
stocks (including the local seed) were 
shown to have been positively selected, 
and imported seed, even after 4 genera
tions, are still totally Nirus free. Local 
unselected seed showed low levels of 
PVX, PVY, and PLRV. 

These findings indicate that the Shan 
Hills of Myanmar are well suited for 
seed-potato production, and that virus 
levels remain low and can be eliminated 
by simple selection techniques. 

Case Studies on Seed-Tbber Systems 

The Kenya seed-potato system case study 
was completed as a part of a series that 
includes the Philippines (Annual Report 
1988), Ecuador (Annual Report 1989), 
Canada, theNetherlands, and Ihe United 
Kingdom (Annual Report 1988). A com
parative report is being prepared. Major 



findings of the Kenya case are described search Station, which initially assumed 
below, responsibility for the seed program. The 

Potato production in Kenya is dom-
inated by small-holder production dis-
p!- sed in highland areas thatgrowa large 
ai.dchangingmixof varieties. Production 
is mostly market-oriented, and the seed-
potato system is dominated by farmers 
who grow their own supplies. Govern-
ment participation in certified seed 
production has received a low level of 
funding and has been ineffective, provid-
ing less than 1% of the total seed needs. 
Seed production and distribution acti-
vities are dispersed among institutions 
associated with the National Potato Re-

Sweet Potato 

Environmental Effects on Flowering 

Experiments were conducted at several 
locations to determine the basic environ-
mental cwnditions that promote flower-
ing and seed production of sweet potato. 

study conclusions note that the research
stations are fundamentally service in
stitutions, whose research objectives are 
to develop and disseminate technical in
formation that can be used in producing 
potato seed. Thus, this research carries 
no direct responsibility for efficiently 
producing potato seed according to 
farmers' needs. 

A private firm has now become inter
ested in producing potato seed efficient
ly, according to farmer demand, and is 
planning to promote the use of certified 
seed. 

The studies were based on the develop
mental responses of 150 sweet potato cul
tivars selected as representative of the 
CIP germplasm, which included cultivars 
that flower prolifically, as well as those 
that had not flowered previously. A wide 

Il
 

Potato seed in market at Mwokora, Burundi. 
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range of environments was studied over control the developmental stages of 
a 12-month period, sweet potato. In addition, the develop-

The basic field-study findings indicate 

that the flowering and seed production of 
a sweet potato cultivar can vary consider-
ably from one location to another or ac-

cording to the method of cultivation 

utilized (Fig. 9-4). The response differen-
ces suggest that the developmental stages 
of sweet potato may have a wide range of 
envir.onmental requirements. The 
flowering and seed production of sweet 
potato has also been observed to be af-
fected by an unidentified species of fruit 
fly that feeds on the anthers, causing up 
to 100% of the buds to abort. This pest 
has been found in Lima, Chincha, 
Cafiete, and Tacna, but not at other ex-
perimental locations in Peru. 

Cultivation Procedures and Flowering 

Several cultivation procedures were 
tested to further define the factors that 

A. On-trellis 

F -

B -94 

NB 

I p2 

1 2 3 4 5 6 

B. On the ground 

B 


NB 

1 I I I 

1 2 3 4 5 6 

mental responses of standard unrootedsweet potato .:uttings were compared 
with those of potted rooted cuttings, as 
well as with responses of in vitro-pro
pagated plant matcrial. 

Procedures were compared for train
ing the plants onto individual stakes and 
trellis supports, and for plants growing 
on the ground, without support. Flower
ing responses ranged widely among the 
cultivars compared. For example, train
ig individual plants onto a single stake 
did not induce non-flowering cultivars to 
flower; nor did this method increase the 
flowering of a cultivar, when compared 
with that of tiie same cultivar growing on 
the ground without support. 

When plants were grown on individual 
stakes, the entire bulk of a plant was tied 
onto one stake, thus limiting light and 
ventilation in the center of the plant mass. 

72
 

, 

82 
4 p p p p 

7 8 9 10 11 12 

94 
226
 

I I I ] 

7 8 9 10 11 12 

Figure 9-4. Effect of cultivation methods, A) on-trellis; B)on the ground, on flowers (F), 

buds (B), and no-bud (NB) formation in the sweet potato clones 72, 94, 226, and 82. 
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On the other hand, training plants 
onto a trellis (5plants per 3-meter trellis) 
induced some non-flowering cultivars to 
flower and set seed. This method in-
creascd the flowering of all flowering cul-
tivars in all of the locations in which the 
trellis system was tested. Some non-
flowering cultivars showed an extreme 
sensitivity to light quality and quantity, 
beyond the photoperiod requirement. 
For instance, cultivar 226 produced 
flowers only on the portion of the 
branches along the top of the trellis, 
whereas no buds or flowers were 
produced on the portions of branches 
between the top of the trellis and the 
ground. 

In the Philippines, 12 sweet potato 
cultivars were grown on stakes or on the 
ground without support and were 
evaluated for flowering and fruit set. The 
cultivars VSP-3, Miracle, and G113.2b 
were the most prolific in flowering and 
seed production. The cultivars showed 
different responses to the two planting 
methods. In general, the use of stakes 
enhanced fruit and seed production; 
however, the degree of influence varied 
among the cultivars. Cultivars such as 
Miracle and VSP-3 were slightly affected 
by the cultivation method, whereas cul-
tivars such as Tipipay, Sinuksuk, and 
VSP-4 never flowered whcn grown on the 
ground. 

Sweet Potato Planting Materials 

Trials were conducted throughout Peru 
to compare the growth and development 
of standard unrooted cuttings, of potted 
rooted cuttings, and of in vitro-
propagated plant material. Plants grown
from potted rooted cuttings established 
more quickly, and grew and flowered 
more rapidly than those grown from 

standard ur.rmotcd cuttings. However, in 
general, plants grown from in vitro
propagated plantlets outperformed both 
standard unrooted cuttings and potted 
rooted cuttings, in establishment, vigor, 
rate of growth, flowering, and storage
root yield. 

In Kenya, a collaborative project with 
the Kenyan Agricultural Research In
stitute (KARl) has begun to develop 
suitable propagation methods that could 
increase a multiplication rate that favors 
the rapid establishment of high-quality, 
locally-grown sweet potatoes. Initial ef
forts are primarily at the Katumani Na
tional Dryland Farming Research 
Center. Research will later be expanded 
to Mtwapa on the coast and Embu in the 
central region of the country, where 
sweet potato has shown potential as a 
crop with tolerance to drought. In arid 
areas, sweet potato production con
straints include the lack of vines to plant 
at the beginning of the rainy season, thus 
slowing plant establishment. 

Experiments in the Philippines have 
examined several factors influencing 
rooting and growth of sweet potato cut
tings. Data collected at 30, 60, and 90) 
days after planting (DAP), indicated that 
plant survival and growth was enhanced 
by planting bigger cuttings including 
apex + 4-nodes, ane. 4-node cuttii-gs 
(Table 9-6); storage-root formation was 
faster and better with these materials. 
The number of nodes (which is corre
lated with plant age) also influenced 
growth. Survival and growth rates were 
lowest, when the youngest node was used 
for planting. 

In single-node cuttings SNC excised 
from different segments of5- to 6-month
old plants, nodes from the middle por-
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Tabie 9-6. Te Influence of size and origin of sweet potato cuttings on growth on a per-plant basis, 

at 30 days after planting. 

Size of cuttings 

Apex + 2 nodes 
Apex + 4 nodes 
1node (mid-portion) 
2 nodes (mid-portion) 
4 nodes (mid-portion) 

LSD (0.05) 

Survival Length 
(%) (cm) 

50 11 
81 19 
88 12 
91 21 

100 19 

NS 

tion showed the fastest shoot and root 
development, and produced vigorous 
plants. Shoot tips showed poor initial 
growth, but had the highest rate of shoot 
growth at 90 DAP. Nodes from the mid-
dle and basal portion produced more 
storage roots. 

Depth of planting did not influence 
the growth of cuttings; however, at any 
depth, nodal cuttings grew better than 
did apical cuttings (Table 9-7). 

In another experiment, the potential 
of SNC as plarting material was com
pared with that of the vine. Single node 
cuttings were taken from the pathogen-
tested mother plants and rooted for 3 

Shoot 

Weight 
(g) 

6.5 
12.1 
6.0 
9.5 

15.7 

2.7 

Root 
Length Weight 
(cm) # (mg) 

10.4 5.3 344 
8.9 3.6 1463 
9.9 3.4 358 
9.9 5.5 716 

10.4 6.9 616 

ns ns 456 

weeks prior to planting. The vines were 
from J-month-old plants grown in the 
field, but were initially from single-node 
plantings. Survival was excellent for both 
SNC and vines, and yields ranged from 
705 g to 970 g/plant for the SNC and 
715 g to 925 g/plant for the vines. Single 

node cuttings produced larger (60 mm)but mshpnroots, whereas vinesmisshapen 
produced medium-sized roots of normal 
appearance. Slightly higher yields were 
obtained with SNCs of all cultivars, espe
cially those of TN-57. 

In Peru, samples of sweet potato roots 
obtained from farmers' fields in two ir
rigated growing regions on the Coast 

Table 9-7. The effect of depth of planting of apical and nodal cuttings on growth, as measured at 

30 and 60 days after planting. 

Shoot Root 
Length Weight Length Weight 

Survival (cm) (g) (cm) Number (mg)
Type of cutting/ (%) Depth at planting
Ranting 60 30 60 30 60 30 60 30 60 30 60 

Apical Bud exposed 16 6.2 25 2.7 14.2 7.9 22.5 3.5 3.1 22 1912 
Bud buried 19 4.0 10 2.4 6.6 6.0 14.8 2.4 2.7 17 115 

Nodal Bud exposed 84 14.0 28 5.8 10.8 10.9 18.8 6.2 4.7 437 1598 
Bud buried 84 14.5 28 7.6 11.9 11.5 19.0 8.2 4.5 464 1165 

LSD (0.05) ns 7 ns ns 2.4 ns 2.4 ns 260 ns 
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(Huaral and Cafiete) and from the 
rainfed area ofSan Ramon were used for 
screening Azospirillum populations. A 
total of 26 strains were isolated, 3 having 
a high aitrogen-fixing capacity as shown 
in the corresponding laboratory tests. 
When these selected strains were used in 
controlled inoculation of potted sweet 
potat,) plants of cultivars Jonathan and 
Paramutai, a two-fold increase in foliage 
fresh weight was observed in the 

Jonathan cultivar, when fertilized with 80 
ppm N, without inoculant, whereas 
Paramutai showed a three-fold increase 
with the same fertilizer application, but 
was inoculated with the bacteria. The N 
content of the Paramutai plants in
creased four-fold when inoculated. The 
addition ofAzospiillum was favorable to 
root yields in both cultivars grown in San 
Ramon, producing double the yields of 
those of the control pots. 

~L2 

Sweet potato germplasm collection at VISCA, Leyte, Philippines. 
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National program and CIP researchers discuss sveet potato 
consumption with a farm famly ir PeU 



Thrust X 

Flood Systems Research 
Thrust Profile: 1990 
The client's or user's perspective is a fundamental concept built into Thrust X
food-system work to help guide both national and international research. This
perspective helps 1) assess the concrete needs and demands of the final "users" oftechnology: small farmers, low-income consumers, processors, and other participants
in the food systems of developing countries and 2) provide field-bascd information
for dccision-makers and researchers in national potato and sweet potato programs
and in other public and/or private institutions. It is a demand-driven, bottom-up
alternative to the top-down, supply-driven mo.lel of conventional "tcchnology transfer." 

In the words of the formal goal statement, the approach is designed to "expand
the knowledge of agricultural programs and policies and the production, marketing,
and use of potatoes and sweet potatoes." The objectives are to aid in the identification 
of clients' needs and priorities, t!'- gencration and diffusion of appropriate tech
nelogies, and the assessment of program results and policies. 

The "expansion of knowledge" referred to in this formal goal statement is achieved
through hands-on needs and impact assessment and through strengthening the
research capacity of Natio'nal Agricultural Research Systems (NARS). 

Research on needs and impact assessment is being conducted within three impor
tant fields of research: food-systcm characterizations; marketing, demand, and 
utilization studies; and impact assessment. 

Work on food-system characterization progressed well during 1989, as national
scientists completed surveys and analyses of constraints to potato and sweet potatoproduction and use for five major agroecological zones. Potato-seed problems appear

to cut across the different zones, but are particularly serious in tropical rainy and dry

areas. The importance of the weevil as 
a constraint in swcOl potato production is

limited to tropical rainy zones. In other zones, planting matci ial, lack of moisture, and
 
soil fertility figure as production problems. In all zones, postharvcst constraints are 
severe, especially in marketing. 

Case studies of potato and sweet potato in fo-t, systems were completed in Asia,
Africa, and Latin America. Continuing studies in China helped to deepen knowledge
of the diverse utilization patterns in different provinces. This knowledge will be used 
to broaden the use of the crops in other countries. In India, a survey of sweet potato
researchers identified the sweet potato weevil as the major production problem, but
postharvest issues were of most concern. Informal interviewing in Kenya, Uganda, 
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and Rwanda laid the groundwork for priority-setting by national programs, and for 
the orgznization of a formal survey in Kenya. Early results of structured informal 
surveys in four countries of Latin America point to distribution patterns as the key 
variable differentiating sweet potato systems. 

The principal research on marketing was developed through a sabbatical leave 
project that synthesized six potato-marketing ;ase studies completed over the past 
six years. Preliminary conclusions note the geographic concentration of potato 
production in Asia and the importance of rural narketing and rural consumption in 
south Asia and sub-Saharan Africa, versus urban marketing in Latin America. Two 
studies of sweet potato marketing were conducted in Latin American cties; the 
findings highlight the importance of root and flesh color, and other aspects of 
presentation for urban markets. 

In preparation for CIP's Third External Review, the 1984 impact study Potatoes 
for the Developing Wforld was updated using responses to new questionnaires from 
national program leaders and CIP senior headquarter staff and regional leaders. 
Results showed the growth in national program research in areas related to CIP 
rese_.,. iraining was 'clt to have had the greatest impact on NARS, followed by a 
number of production technologies, especially related to seed. There was a much 
lower level of perceived benefit from non-technic l and non-production activities, 
perhaps due, in part, to the solid production orientation of most program leaders. 

As part of interdisciplinary technology development, social scientists were in
volved in the study of TPS in farmers' fields in India and Indonesia. Results from India 
show that seedling tubers have lower net costs than seed tubcrs. In research involving 
farmer evaluation of TPS in Indonesia, farmers identified a few appropiiate methods 
for using TPS and are now assessing them. 

Thrust activities arc closely associated with two food-systcm networks. The 
PRACIPA marketing network completed two years of activities in March 1989, and 
backstopping cononues via workshops and annual meetings. In Southeast Asia, the 
Users' Perspective with Agricultural Research and Development (UPWARD) began 
activities with 12 projects focused on production, postharvest, or consumption issues, 
within a food-system context. 

In addition to participation in forr.mial ourses and workshops, strengthening of 
NARS' capacity also has been achicv,.d through collaborative research activities with 
a strong "training with research" component; these include the diagnostic studies of 
sweet potato in fxd systems completed or being planned in Latin America and Africa. 

Food Systems Characterization 

Assessment or Production and Use major production zones ::.. 'ood sys-
Constraints, by Climatic Region tems is essential in helping set ap

propriate research priorities, target 

Knowledge of the constraints to potato regional efforts, and extrapolate loca
and sweet potato production and use in tion-specific research results. 
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National researchers answered ques-
tionnaire s on the relative importance of 
several potential constraints to potato 
and sweet potato production and use at 
different sites in their own countries. The 
potential constraints ranged from pre-
planting and field-production problems, 
to marketing costs and limited demand, 

Because constraints are generally re-
lated to ecologicail conditions that cut 
across political or administrative units, 
averaged findings for countries or CIP 
regions can be misleading. Thus, the data 
have been analyzed for major world 
climates using Koppen's classification of 
five major climatic zones on the basis of 
temperature and moisture combinations. 
Constraints are also i-flucnced by other 
variables apart from climate, but in the 
absence of detailed global information 
on these variables, Koppen's classifica-
tion of climates provides a useful prelimi-

nary scheme. Results are presented for 
five major climate zones: 

Tropical rainy climates with no cool 

se:'.,u,: (Aclimatesintheoppensystem) 
* Dry climates (B climates) 
9 Mid-latitude rainy climates with mild 

winters (C climates) 

* Mid-latitude rainy climates with 
severe winters (D climates) 

* Cold climates with no warm season (E 
climates) 

A more refined analysis of constraints 
is in progress to define 12 climatic types, 
including altitude as one of the criteria. 

Potato anzd sweet potato production 
areas. For both potato and sweet potato 
about one-half of the sites for which na
tional researchers provided information 
have mid-latitude, rainy climates with 
mild winters (C climates). Consequently, 

Boxes of potatoes ready for export. Guangdong Province, China. 
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given the large number and expertise of 
the survey respondents, it seems likely 
that C climates are the most typical for 
both potato and sweet potato production 
in developing countries. The tropical 
rainy (A) climate was the second-ranked 
for both crops; accounting for about two-
fifths of the sweet potato sites and one-
third of the potato sites covered by the 
survey. Between 10% and 15% of the 
sites for both crops have dry (B) climates, 
and less than 10% have climates with 
severe winters or no warm season (D or 
E climates) (Table 10-1). 

According to national researchers, 
potatoes usually are produced for sale to 
urban areas, and arc usually eaten by 
people with relatively high incomes. In 
contrast, sweet potatoes generally are 
grown for household use in rural areas, 
and in urban areas, are usually eaten by 
lower-income families (Table 10-2). 
There are important exceptions for both 
crops, however. In most dry areas (B 
climates) and in the cooler northern 
areas (D climates) of China, sweet 
potatoes are grown primarily for sale. 
And in many cool, rainy areas (C cli-

mates), particularly in the mountains, 
potatoes are grown primarily for home 
consumption (Table 10-3). 

ato ons(rats heIrical 
rainy zones (A climates), the principal 
costrant ar consir o beeth high 

cost rait ofs e , 
production costs, transport problems, 
handling losses, unstable prices, late 
blight, and drought. 

In dry zones, scarcities and poor 
quality of seed are considered to be 
serious constraints, particularly as re
lated to storage. Insects and late blight 
cause important losses in the field, and 
consumer potato storage also is a major 
problem in the dry zones. 

Many mid-latitude rainy zones (C 
climates) are traditional potato-growing 
areas. Perhaps because potatoes have 
been grown for such a long time, many 
pests and diseases attack the crop. Re
serchers consider fngal and virus dis
eases and several seed-related problems 
to be espccially critcal. 

Sweet potato constraintsby zones. The 
sweet potato weevil (Cylasfonnicarius)is 

Table 10-1. Numher of production sites" by climate and altitude. 

Potato 

Climates b 
Below 

1,000 m 
Above 

1,000 m 

Tropical rainy (A) 
Dry (B) 
Moderate rainy, 
cool winters (C) 

19 
7 

25 

22 
11 

35 
Moderate rainy, 
cold winters (D) 

Cold (E) 
All sites 

2 
1 

54 

1 
4 

73 
a Numbers of sites with information vary among tables. 

Sweet potato 

Below 
1,000 m 

Above 
1,000 m 

53 
14 

14 
3 

69 18 

5 
0 

141 

0 
0 

35 

b Based on Koppen's classification of climates, presented in Trewartgam G.L. and L.H. Horn, An 
Introduction to Climate. McGraw-Hill: Now York, 1980. 
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Table 10-2. Income level of potato and sweet potato consumers. 

Potato consumers Sweet potato consumers 

Low vliddle & Low Middle & 
Climates income high income Income high income 

A 7 30 
B 1 17 
C 16 51 
D 0 0 
All sites 24 98 

considered to be the most important con-
straint to sweet potato production and 

.use in tropical rainy areas, where lack of 
processed products, price instability, 
transport problems, drought, and low
fertility soil are also major constraints. 

In dry areas,. the major problems are 
unstable supplies and prices, handling 
losses, weeds, and the poor quality of 
planting material. 

In mid-latitude rainy zones, re-
searchers have found the principal con-
straints t_ be low-fertility soil, lack of 
moisture, storage diseases, unstable 
prices, and lack of processed products. 

In the cool, rainy zones of northern 
China, the principal problems cited are 
lack of moisture, low-fertility soil, 
salinity, marketing problems, and the 

47 17 
9 6 

60 29 
4 1 

120 53 

lack of a variety with good qualites for 
fresh consumption. 

Agroecological Studies of Potato 

During 1989, country profiles were com
pleted for all developing countries and 
maps of zones are being refined. To more 
precisely idc.tify the climate charac
teristics oi each production zone, the 
Koppen classification is being overlaycd 
on these maps. The potato zones are 
being refined by a geographer at Clark 
University (USA) and details of the spa
tial distribution are being reviewed care
fully. The European Potato Research 
Association has agreed to provide sum
maries on potato production and utiliza
tion in Europe in the form of a book, 
entitled World Geography of the Potato, 
which is now being prep-:ed and will be 
submitted for publicatijn in 1990. 

Table 10-3. Principal final destinations of potatoes and sweet potatoes (number of sites). 

Potatoes Sweet potatoes 
Urban Rural Uban Rural 

Climates areas areasa areas a;,,.s a 

A 30 11 9 50 
B 16 2 7 10 
C 25 42 16 66 
D 0 0 2 3 
All sites 71 55 34 129 
a Includes both rural and urban areas. 
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Asian Food Systems 

China. Of total developing-country 
production, China grows over 50% of the 
potatoes and over 80% of the sweet 
potatoes. Because of the importance of 
this production, an agreement was made 
with the International Food Policy Re-
search Institute (IFPRI) to study both 
crops in Chinese food systems, to identify 
Chinese research needs, and to explore 
the opportunities for horizontal transfer 
of technologies to other developing 
countries. Froviiii.;al and local investiga-
tions of potato and sweet potato utiliza-
tion patternz begun in late 1988 were 
completed in' Hebei, Shanxi, Shaanxi, 
Heilongjiang, and Inner Mongolia. Data 
are now being collected in Henan, Anhui, 
Hubei, Hunan, Guizhou, and Sichuan 
and these findings should complete the 
description of all major potato- and sweet 
potato-cultivating provinces in China. 

A key initial observation is that pro-

duction practices and uses of both 
potatoes and sweet potatoes are widely 
diverse, and potentials vary substantially 
among the regions a d sub-regions of 
China. Further studies are needed to un-
derstand the different roles these crops 
can play, especially the industrial use of 
sweet potato, so as to determine the 
potential for use in other developing 
countries. Similarly, China might benefit 
from international experience with food 
processing of potatoes. 

Both potatoes andsweet potatoes are 
important staple foods for millions of 
Chinece and are likely to remain so for 
decades. In some localities, production 
accounts for more than 80% of direct 
staple-crop consumption. But use of the 
2 crops a! staples varies considerably, 
from less than 1% in some localities to 
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almost 100% in others. Potato and sweet 
potato use as animal feed (especially 
sweet potatoes ), and as processed food, 
industrial material, and export product is 
expanding in several areas in China, with 
growth potential for both crops. 

A special study was made in Yunnan 
Province, where roughly 80% of the 
potatoes are of the East German variety 
Mira, which was introduced into Yunnan 
in the early 1960s. This variety originally 
had some late-blight r.-sistance, but was 
very susceptible to virus. White potatoes 
in northwest Yunnan, which is one of the 
poorest areas of China, are generally of 
low quality and of small size. A high
altitude potato improvement base in the 
region might be an attractive project to 
increase the nutritional and income 
levels of the population. 

Observations in northwest Yunnan 
also provide strong evidence, matching 
that gained from local investigations in 

north China, that the traditional statisti
cal reporting system may be substantially 
underestimating white-potato cultivation 
in China's mountainous areas. 

India. Official statistics provide little 
information on sweet potato; thus there 
is a strong need to collect primary data. 

A survey conducted by scientists and 
technicians working at experimental sta.. 
tions in sweet potato areas indicated that 
sweet potato is grown as a minor crop 
throughout India, usually on plots of less 
than one qua' ..:r ha. In general, the crop 
is rainfed, with only rare supplemental 
irrigation. Thc main planting season 
coincides with the onset of the monsoons, 
and rice-sweet potato seems to be the 
most common rotation. Mosi roots are 
consumed boiled or fried as snack foods 
or vegetables, and in some areas the 



leaves are also eaten as greens. Most of 
the vines and some culled roots are fed to 
livestock. 

Local markets are the main commer-
cial outlets and farmers generally bring 
their produce directly from the fields. In 
major producing areas, agents also are 
involved in crop marketing. 

According to the scientists, the prin-
cipal constraints to produc! ion and use of 

marketingsweet potato toproblems are relatedand limited demand. They 

cited the instability of supplies and 
prices,unacceptability of varieties, poor
presentation of the merchandise, lack of 


adequate transportation, and use of late-
maturing varieties as the major market-
ing limitations. Lack of diversificatioa f 
the product and the lack of a tradition of 
sweet potato in the diet were the major 
demand factors identified. The sweet 
potato weevil (Cylas) was considered to 
be a serious production problem. Of the 
abiotic stresses, drought was considered 
the most serious problem. In some areas, 
scarcity of planting material is a major 
constraint. Nematodes, viruses, fungi, 
and bacteria were not considered to beimpotantprob
emsno 

importarit problems. 

Indone a. Potato and sweet poiato 
are important crops for Indonesia, where 
the potato is generally grown as a cash 
crop and has high export potential; sweet 
potato is one of the most important In-
donesian subsistence crops, and issold as 
a low-cost carbohydrate food throughout 
the country. Until recently, national re-
search focused on potato cultivation in 
cooler, upland areas, wiletheroleofthe 
sweet potato was generally overlooked, 

A special project was begun in 1987 to 
characterize the food system and develop 
technology, working primarily with the 

Agency for Agricultural Research and 
Development (AARD). 

Indonesian and CIP scientists col
laborated on two interdisciplinary, rapid
appraisal rural research projects in Java 
and in West Sumatra, in the areas of 
highest commercial production. Three 
shorter surveys were conducted 

throughout Java to examine the existing 
market foi sweet potato and to collect 
sweet potato germplasm and identify
farmer-based characterization of sweetptt utvr.Poica iesre 
potato cultivars. Provincial time-series 
data wei,: collected on swet potatoyields and production areas in Indonesia. 

The rapid-appraisal surveys in rural 
Java show that farmers seek new sweet 
potato cultivars that mature quickly, can 
be intercropped, grow well in the wet 
season, are high-yielding, and whose 
':olorand taste qualitiesinake them easily 

marketable, Deterioration during trans
port is a problem. Insects, diseases, pe
iod ofhome storage, weeds, flavor, quality, 

and marketability of local cultivars were 
not considered to be majnr constraints. 
Yields in fields ranged from 10 t/ha (with 

fertilizers, weeding or care) to 22 t/ha 
(with fertilizers and weed control). 

In West Sumatra, the farmers' primary 
problem is grewing sweet potato in the 
wet season, when yields are said to be 
lower and sweet potato skins darken, 
making them unattractive, and prices for 
lower quality roots are reduced by as 
much as 50%. The sample yields in 
March were very high, and 3 villages had 
yields of over 30 t/hi Farmers have 
developed methods to use animal laborfor harvesting, and they now grow cul
tivars that mature in 4 months at 700 masl, 
which may be adaptable to conditions "1 
Java. T'he Central Research Institute for 
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Food Crops (CRIFC) is preparing to 
publish these results, as well as the find-
ings of the marketing, cultivar, and collection surveys. 

These surveys help to identify new 
directions for CRIFC Bagor Research 
Institute fcri Food Crops (BORIF) re-
search as Indonesian sweet potato breed-
ing in the past has tended to emphasize 
high yields with little consideration given 
to other factors, and previous introduc-
tions of improved varieties have met with 
little success. 

The database on sweet potato cultivar 
selection, production, marketing, con
sumption/sale, and processing in Java is 
quite extensive, providing an example 
and a framework for further studies in 
Indonesia. 

Food Systems of East 
and Central Africa 

Initial work has focused on defining the 
scope and priorities for research, 
through collaborative links with national 
researchers and with The International 
Institute of Tropical AgricultLre (IITA) 
personnel. 

Workshops and training activities 
conducted as part of the developnent of 
a research program in Kenya have helped 
tighten tl-e dispersed sweet potato re-
search of the Kenyan Agricultural Re-
search Institute (KARl) into a more 
user-oriented program. 

Farmers in the majt., production 
zones were surveyed informally and 
available statistics and the results of pre-
vious research were reviewed 

Several production regions are now 
being formally surveyed and these find-
ings will provide a cross-section of the 
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roles of sweet potato in different rural food 
systems. 

A fundamental reorganization of re
search is uider way in Uganda, the most 
important sweet potato-producing 
country in Africa. Based on preliminary 
interviews witn users and pooling of local 
technical knowledge, priorities were set 
and a potential work plan developed, in
cluding interdisciplinary socioeconomic 
surveys. The team has surveyed one dis
trict, and results are being analyzed. 

Food Systems of Latin America 
and the Caribbean 

Work on sweet potato in food systems of 
Latin America began in 1988 with a diag
nostic survey of sweet potato production 
and use in the Caficte Va!ly in Peru. The 
full report has now been extensively 
revised and the final publication is in 
press. 

During 1989, diagnostic surveys were 
conducted in Argentina, Uruguay, and in 
northern Peru. All were prepared via 
qmall interdisciplinary, collaborative 
workshops involving national research 
and extension personnel and CIP scien

tists. The early stages of field work in 
Argentina and Uruguay involved socialscience support from CIP, but national ce stfromd CI,but ntoa 
program staff did the bulk of the inter
viewing. In Peru, personnel from CIP and 
INIAA took part in al! field work and a 
joint workshop was held shortly after 
completion of fieldwork to analyze 
results and to define the framework for 
the reports. These reports are now being 
processed. 

Peni.Two initial studies have reported 
different roles for sweet potato in dif
ferent food systems. Production on the 
dry irrigated coast is highly commercial



ized and largely determined by the 
metro.,olitan market of Lima. In con-
trast, production in the northern hills is 
largely subsistence-oriented, with sys-
tems including kitchen gardens, inter-
cropping, border and short-cycle 
rotation; marketing in the hill area is 
local, sporadic, and small-scale. Sweet 
potato is eaten as a regular co-staple. 

The differences in the two areas are 
reflected in variety use. On the coast, only 
a few varieties are acceptable in Lima, so 
there is great uniformity in the varieties 
grown at any given time in the Cafiete 
Valley, which supplies the Lima market. 
Many varieties are tested as farmers look 
for the most commercial types, but few 
are selected. On the other hand, in the 
northern hills, many varieties are grown 
at any given time, because no single 
market imposes characteristics. There is 
also less change in varieties over time, 

because there isless pressure t select or 
reject. 

Argentina and Uruguay. In Argentina, 
most production is highly commercial 
and extensive, especially in Buenos Aires 
and Cordoba, where average area 
planted to sweet potato is 21 ha and 32 
ha, respectively. Innovative locally 
designed machinery and a well-devel
oped marketing system are used in the 
washing and special sacking of the roots. 

One of the major problems identified 
for future work is the narrow genetic base 
available to commercial regions, despite 
a wealth of genetic material in the north 
of the country. This situation is similar tothat of Peru, and raises the issue of how 
to exploit national germplasm resources. 
Other problems identified include the 
special technical requirements and as
sociated problems of the temperate zone, 
especially the need for seedbeds, with 
their high costs and phytopathological 

W'A
 

Sweet potato market in Kampala, Uganda. 
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problems, as well as the need to store the 
crop. 

Smaller-scale, subsistence production
isaller-sle sbthenegn o

is found in the northern region of 

Tucuman, however, with some selling to 
local fairs and markets. The situation is 

bibliographic review indicated a limited 
expansion of sweet potato cultivation in 
comparison with other crops, as well as 
diminishing yield trends. Problems en
countered include low levels of produc

ion technology, lack of quality varieties, 
limitecommerialacc o th aret,

tht innorternUrugaylimited commercial access to the market,simiar t
similar to that in northern Uruguay, 
where the foliage also is used for animals. 
AlthoghAirs soystmthed Sthn
Buenos Aires system, the Southern 

Uruguay system is also a metropolitan 
system in which many smal farmersi 
supply fresh roots to intermediaries of the
Montevideorently 

Paraguay. A survey was conducted to 
characterize the production stages, com-
mercialization, and industrialization of 
the sweet potato in Paraguay. The socio
economic importance of the sweet potato 
in relation to other crops was analyzed 
both for commercial farmers and an in-
digenous group in the southern region. 
Interviews conducted with farmers, com-
mercial agents, agronomists, and proces-
sors of sweet potato and the findings of a 

the displacement of sweet potato by 
foreign products in the diet, and limited 
processing of the roots into alternative
food products. The study indicated the 

fo rdcs h td niae h 
need to activate programs to improve the 
technical and financial assistance cur.

available to sweet potato producers and processors. Educational 

programs also are needed to promote the 
consumption of this underexploited 
source of nutrition. 

These preliminary results from Latin 
America depict a crop that, on the one 
hand, is commercially produced to satisfy 
a clear demand niche ;n major opula
tion centers and, on the other hand, is a 
co-staple or special-use subsistence crop, 
with small-scale marketing potential. 

Marketing, Demand, and Utilization
 
Potato Marketing 

A substantive synthesis and analysis was 
developed based on case studies of 
potato marketing already conducted and 
published in Bangladesh, Bhutan, Burun-
di, Rwanda, Zaire, Madagascar, Peru, 
and Thailand. Preliminary results of this 
synti~esis emphasize: 

* the geographic concentration of 
potato production in Asia, and the dis-
parate evolution of output nd yields 
in Latin America, Africa, Pd Asia. 

* the shifting importance of potato 
production by agroecological zones, 
e.g. rising output in the lcwlands of 
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southern Asia due to changes in pro
duction and p stharvest tecb,lology, 
demographic trends, and shifts in rela
tive prices. 

e the importance of rural marketing and 
consumption in sub-Saharan Africa 
and southern Asia versus urban mar
kets in Latin America. 

A study of den'and for processed 
potato products in New Delhi showed 
that 15 different processed potato pro
ducts are sold at a wide range of outlets, 

from confectione,'v shops to street 
verters. Products are differentiated on 
the basis of form (chip, crisp, strip), 



packaging (fancy, plain, none), weight 
(25 gr to 250 gr) and price. The most 
expensive products were potato crisps in 
"fancy" packages, but most sales consist 
of dried chips (nearly 50%) and potato 
chips (16%). 

ostipocseprg o andpsoldatseral,confectionery, general, and provision 

stores. Venders as well as juice and tea 
shops also sell processed potatoes. 

The major buyers of all types of 
processed products come from middle-
income groups (57%), with high-income 
groups purchasing exclusive, "fancy" 
products (23%). Just 4% of retailers sold 
only to low-income groups. Females and 
children arc more frequent customers 
than are men. 

From the retailer's point of view, the 
piincipal constraints to expanded sale of 
processed products are price, packaging 
and the need for greater advertising, 

Sweet Potato Marketing 

At Lima, Peru, a Master's thesis on the 
wholesale demand for sweet potatoes 
showed that, although national sweet 
potato prodtuction fell from 167 thousand 
tons in 1971 .o about 123 thousand tons 
in 1987, sweel potato shipments to Lima 
almus doub" d, from 47 thousand tons in 
1971 to nezrsy 74 thousand tons in the 
first 10 months of 1988. About 70% of this 

creasing area, doubling yields (through a 
small but successful breeding program), 
and the break-up of the cooperatives that 
favored small-scale, intensive agricul
tural production. The bulk of production 
in Cafiete is sold through local as
semblers, who are in charge of grading,
bagging, loading, and transport to thewholesale market in Linia. 

Estimates of sweet potato consump
tion, based on household surveys, indi
cated a range between 6.5 kg/yr in 
1971-72 and 13.6 kg/yr (for low-income 
families) in 1979. Consumption (and 
availability) of sweet potatoes, as rcflec
ted in marketing data, is much higher: 
about 20% of the sweet potatoes shipped 
to Lima are re-shipped to northern loca
tions, and an apparently substantial, but 
unknown, percentage of the total quan
tity is used in Lima to feed household 
pets. Sweet potatoes represent about 4% 
of the total calories consumed in Lima on 
an average daily basis (1977-1980). 

Sweet potatoes are now also used for 

processing. One researcher's thesis sug
gests that if 5% of the wheat flour used to 
make bread were to be replaced by a 
sweet potato product, the total demand 
would require doubling of current na
tional sweet potato production. 

A study of sweet potato marketing in 
the central market of Buenos Aires, Ar

totl fcnsitsyllw-feshvaretisgentina indicated that 86% of sweettotal consists of yellow-flesh varieties, potato supplies to the market now comewhile 30% have purple flesh; however, 
shipments of purple-flesh varieties have 
increased much more rapidly since 1972. 
The largest concentration of output has 
shifted from the northern coast and high
lands (which had 45% of annual output 
in 1944 versus 18% today) to the central 
coast, in particular the Cafiete Valley. 
The demand has been met through in-

from the provinces of Buenos Aires and 
Cordoba. Santiago del Estero, which was 
previously an important supplier to the 
capital, now accounts for only 11%. 

The first phase of this two-stage study 
describes a highly sophisticated market
ingsystem involving the machinewashing 
and special sacking of sweet potatoes. 
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z finu'ngs highlight the importance of 
color and presentation nf the product in 
themarket, andshowwidefluctuationsin 
prices depending on the time of market-
ing. These factors underline the need for 
breeding effort; to take careful note of 
marketing requirements and consumer 
preference. 

Sweet Potato Utilization 

A book on sweet potato consumption 
and nutrition is nearing completion, 

which will serve as a comprehensive 
review o secondary sources on the nutri
tive components of both the fleshy 
storage roofs and the green tops. This 
review examines current worldwide uses 
of the crop, including uses as a tropical 
spinach or salad green, staple food, 

animal feed, starch source, industrial raw 
material, dessert, proccssed convenience 
product, fast food, snack, multipurpose 
flour, and alcoholic or non-alcoholic 
drink. 

The Impact of CIP Technology
 
The 1984 impact study Potatoes for the 
developing world was updated in pre-
paration for CIP's Third Externai 
Review. Sources of infcrmation for the 
update included results of an "impact 
questionnaire" filled out by CIP regional 
leaders in 1984, with an updated version 
filled out in 1989; a similar questionnaire 
completed by national program leaders 

Postharvest technology
 

Diffused-light storage
 

True potato seed 
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to warm conditions 

Sex pheromones 

Consumer potato storage 

Meristem culture 

Simple processing 

Biological control 
of nematodes 
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0 20 

between 1987 and 1989, and written 
responses of thrust managers, depart
ment heads and regional leaders to five 
open-ended questions about the major 
achievements, impacts, and constraints 
of their programs. 

Figure 10-1 shows the growth in na
tional-program research related to CIP 

1983 
I1989 

40 60 80 100 120
 
Number of countries
 

Source: CIP regional leaders surveys 1983, 1989 

Figure 10-1. NARS research iAprogress. 
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research, which can be used to analyze Institutional benefits that were con
efft'ctiveness of the way research priori-
ties are identified through collaboration 
between CIP and national programs. The 
rapid growth in the number of countries 
screening materials for adaptation to 
warm conditions probably reflects both 
CIP's increasing adapted populations 
and the growing interest of national 
programs in cvlltivating potatoes in warm 
and hot areas. A similar analysis can be 
made of the increase in use of sex 
pheromones and TPS. The lower levels 
of activities for the other research areas 
might indicaic either a problem of 
regicial rather than global importance 
(nematodes), or a relatively new area of 
research activity for CIP (consumer 
potato storage). 

National program leaders were aslked 
how their institutional or research ac-
tivities have benefited as a result of col-
laboration with CIP (Figs. 10-2 and 10-3). 

Training 
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Plan., coor. &manage. 
Facilities 
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Unks with extension
 
Staff
 

Foreign budget
 
Domustic budget 
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sidered especially valuable included 
training, links with other programs, im
proved capacity for planning, and 
management of research. These ir
proved capacities stem from regional 
courses in which scientists from various 
countries are brought together and asked 
to prepare research plans as a routine 
part of course activities. 

The responses of program leaders to 
questions relating to increased capacity 
to conduct certain activities (Fig. 10-3) 
indicated that CIP's train-the-trainer 
philosophy, using experienced former 
students as instructors for CIP courses, 
has paid great dividends. Seed tech
nologies, ranging from seed storage to 
rapid-multiplication techniques, also 
were rated as highly beneficial. Several 
important factors may be reflected in the 
low level of perceived benefits in a range 
of non-technical and non-production ac

,
 

20 30 40 50 
Number of countries 

Source: NARS survey 1987 
Figure 10-2. Number of countries reporting specific institutional benefits due to 
collaboration with CIP. 
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Source: NARS survey 1987 

Figure 10-3. Number of countries reporting increased capacity in specific areas due to 
collaboration with CIP. 

tivities. For example, program leaders 
are drawn from the ranks of biological 
scientists and are trained primarily to 
identify and resolve problems in these 
disciplines. The social sciences usually 
are not represented in national agr.cul-
tural programs, but often are locat( d in 
othe, sectors of the ministry or in ui ivcr-
sities; therefore, the questionnaire 
respondents may be less aware of 
achievements in these areas. 

Figure 10-4 depicts the greater national 
program capacity to improve the welfare 
of farmers. Given the mixed view of 
outsiders' opinions on whe.hcr national 

programs have improved links with cx
tension services (Fig. 10-2), and the im
provement in extension methods as 
perceived within the ji.,tional programs, 
(Fig. 10-3), itis not surprisingthat nation
al program leaders feel that most of the 
benefits to farmers have been in the form 
of technologies (e.g. improved seed) that 
are delivered directly to thv farmers by 
the research program. 

These are tentative results, as CIP is 
now placiig a top priority on the review 
of impact assessment methodologies to 
establish a fully institutionalized impact
assessment process. 

Socioeconomic Aspects of Technology Development: 
Cost of Potato Production Using TPS 
India. An evaluation was made of agro- India where TPS work is under way, and 
ecological characteristics and sociocco- an ass .,sment was made of the participa
nomic conditions of the three areas in tion of farmers in TPS trials. 

148 Thrust X 



Virus control
Physiological condition (seed)
 

Less virus in seed
 
Storage in seed program
 

Belier varieties
 
Agronomic management
 

Insect control
 
Seed supply
 

On-farm seed storage
 
Control of funqi
 

Control of bacteria
 
Timely supply of seed
 

Nematode control
 
True potato seed
 

Consumer potato storage
 
Processing
 
Marketing
 

0 10 20 30 40 50 
Number of countries 

Source: NARS survey 1987 

Figure 10-4. Number of countries reporting benefits to farmers in specific areas 
due to collaboration with CIP. 

Producers, with medium to large 
farms, who cultivate wheat, sugar cane, 
and potato in Modipuram in the northern 
plains, successfully tested TPS for seed-
ling tuber production. 

In Dee!.a, in the arid western plains,
where the arecooperators large-scale 
farmers and almost exclusively potato
producers, the trials generally were not 
successful, as the cooperators were un-
happy managing the small trial plots, 
These findings suggest that the experi-
ments should continue with small 
farmers in this area. 

Farmers in Tripura, in the humid 
northeast, have major problems obtain-
ing seed tubers. Thus, TPS should have 
great potential. Farmers mostlyare 
small-scale, and many have only rudi-
mentary irrigation facilities. Potatoes are 
their major crop, and they are not 
familiar with transplanting techniques. 
These factors combined with heavy rains 

aflei one or two days of sowing created 
problems in some of the experiments. In 
both on-station and on-farm trials, costs 
were calculated for use of FICI seedling 
tubers of lIPS- 1/13 as compared to costs 
of using seed tubers of a local cultivar
(Kufri Bahar or Kufri Jyoti). In all trials, 
net costs were less for the seedling tubers. 
However, in further trials at Modipuram, 
FIC2 and FIC3 seedling tubers showed 
highcr ':osts per ton than did seed tubers, 
due to reduced yields. However, these 
comparisonswere of large-sizc seed; thus 
further research should hK made of the 
cost of small-sized FiC2 and FIC3 see

dling tubers. 

Indonesia. An interdisciplinary te:!tm 
of national (LEHRI) and CIP scientists 
has t;ccn wo!.(ing in collaboration with 
farmers to devclop and refine techniques 
for the production of ware potatoes and 
seed tubers from true potato seed (TPS). 
Farmers formulate their own research, 
assess results, refine techniques, and 
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proceed with new experiments. LEHRI-
CIPrzscarchersprimarilydocument and 
discuss farmer-formulated trials and 
their results with the farmers, using an 
unstructured group format. 

Whether farmers carry out research as 
individuals or as a family "team" within a 
larger group, they constantly compare, 
assess, and experiment with their own 
techniques for TPS cultivatioi, tuber 
production, and sale. They reformulate 
their trials based on their own findings, 
as well as those of their fellow farmers, 
With a new technology such as TPS, 
farmers experiment with techniques used 
successfully for other crops, modifying 
them to fit TPS and their agronomic re-
quirements. In early trials, farmers nar-

rowed their choice of techniques to a few 
promising methods, and experiments in 
following seasons served to refine these 
techniques. Farmers' TPS yields have 
equaled or surpassed yields from seed 
tubersThspoethsbnexaddo 

s.This project has been expanded to 
a second area in Majalengka, West Java, 
w eInd esin agra re
where the Indonesian agricultural re

tanian) is actively participating in 
CIP-LEHRI visits to farmers and their 
fields. The extension service also is in the 
process of introducing TPS to one large 
farmer and an additional cooperative 
group of small farmers. LEHRI plans to 
host a training session for extensionists, 
farmers, and scientists on flexible TPS 
technology transfer. 

Strengthening Capacity of NARS
 
UPWARD Project 

UPWARD (Users' Perspective with 

Agricultur.-I Research and Develop-
ment) was established in 1989 and is the 
first research network to stress the rolL of 
food systems in the development of ap-
propriate potato and sweet potato 
production in Southeast Asia. The nct-
work will focus on the "users" of agricul-
tural technol )gy and knowledge, with a 
specific emphasis on the role of the 
household as a unit for production, con-
sumption, distribution, and use. One of 
the key objectives is to train young dcvel-
oping-country researchers from the so-
cial sciences and non-traditiona! 

agricultural sciences (nutrition, market-
ing, home economics) as mmbers of na

tional program teams, which ;nthe past 
have usually emphasized only technical 
aspects of production. 

Twelve projects were started or 
launched during the year in three 
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countries: Thailand, Indonesia, and the 
Philippines. 

Thailand. Projects concentrated on 
sweet potato production and household 
utilization. Sweet potato, like potato, is a 
supplemental vegetable and little re
search information is available on its 
production and use. Since concentra
tions of production vary greatly, a 
decision was made to study 13 .rcas rcp
rcscntative of high and low production 
zones. Examples are Ratchaburi, near 
B 
and Chiang Mai, with less than I ha. In 
initial research, Thai food habits were 
shown to vary widely in consumption of 
w 

preparations include steomed sweet 
potato, sweet potato in otonut syrup,
sliced sweet po'-".. wects (Mun Rang 
Nok), fried potito balls (Kai Nok'.,.ect 

Krata), s ccct "otato with ginger in syrup,
and fried sweec otato. SN :et potato also 



is used in many curries. Preparation and 
simple processing of sweet potatoes are 
houselold activities. Thailand's projects 
are conducted by the Field Crop Section, 
Crop Promotion Division, Department 
of Agricultural Extensio , Bangkok, and 
the Department of Agricultural Exten-
sion, Farm Home Improvement Sub-
division. 

Indonesia.The projects in this country 
are more diverse. One project led by 
LEHRI conducted a follow-up of the 
technologies that hid been developed by 
the experiment station. The study was 
highly interdisciplinary and focused on 
the main technical areas: varieties, pos-
tharvest, seed, and agronomy. The team 
spent a week to 10 days indifferent areas 
looking at how the "end-user" had util-
ized the results of the experiment station. 
Findings indicated major constraints in 
the flow of information from experiment 

-

station to farmers, because of the large 
number of a,encies that handle the infor
mation. This slower flow was in contrast 
to the more direct flow of information 
from private companies. 

Visits were made to commercial and 
household processing units in another In
donesian study that investigated the 
processing of sweet potato in Java, which 
has received little research attention. A 
project to assess farmers' knowledge and 
to collect germplasm of sweet r'-.tio in 
Irian Java was formulated, but no re
search has been initiated. 

7he Philippines. UPWARD co-spon
sorcd the first national socioecoomic 
seminar and workshop on roalcrops 
("Enhancing Social Relevance i,- Root-
Crop R&D"). Research on sweet potato 
progressed well in the mountain provin
ces, as well as in the lowlands. Sweet 

Sweet potato, rice, banana, and other creps being grown on rice terraces in Indonosia. 
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potato is known to be the most widely 
cultivated root crop in the Philippines, 
with over 7,000 hectares planted. In the 
highlands, it is a staple food crop, par-
ticularly among the tribal groups. Cul-
tivation practices and varieties differ 
among ethnic tribes. Detailed reports on 
this v'esearch are now being prepared. 
Other studies will concentrate on 
marketing in Baguio and household gar-
dens. 

PRACIPA Project 

The marketing project of PRACIPA 
(Proig'ama Andino Cooxperatho de lnvesi-
gac6n en Papa) completed its second year 
of activities in 1989; some of the research 
results are listed below, 

Bolivia. The survey of the "formal" 
distribution of seed by 12 institutions 
continued in the Cochabamba region, 
where two institutions now handle 70% 
of such seed. Assessment of farmers' 
opinions of the existing sced is also con-
Liuing. A preliminary report has been 
prepared, which described the "infor-
mal" distribution system through local 
fairs. The IBTA/CIP special project 
added another scientist who has con-
tinued his seed research from within the 
project. The results of this work arc being
used by the special IBTAI'CIP projecttinn.Teppatonndismn
and a sister project to design an adequate
snd distribution system, 

Colombia. In the second year of this 
project, work on simple potato process-
ing has focused on the feasibility of using 
dehydrated potatoes or potato flour as 
feed for guinea pips. Continued good 
prices for fresh potatoes in the Pasto-
ipiales region have suggested further 
study of the viability of this altcrnative, to 
supplement the limited amount of infor-
mation available on the technical aspects 
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of this type of processing and its 
economic returns. Estimates of the cost 
of production for simple processing in 
Pamplona have been made, but must be 
adjusted to account for the actual time 
and resources spent. 

Ecuador. In a stratified sample multi
pliers, users, and non-users of improved 
seed, were interviewed in the northern 
and southern regions of the country. The 
results indicate that 1) seed multipliers in 
the north produce seed for their ovm u.,e 

and for sale; (here are no seed mu'tipliers 
located in the southern region; and 2) in 
the northern region, 53% of the non
users reported that they did not know 
where to buy improved seed, whereas in 
the south, over half of those interviewcd 
had no knowledge that such seed existed. 
These results confirm the previous year's 
findings that suggested the need to reas
scss the distribution system used for im
proved seed. The problem of the lack of 
information available to growers regard
ing typeC,, local price, and timing of 
ava;Iability of seed, deserves special at
tcntion. A collaborative project is plan
ning an extension of the information 
system for seed. 

Tan 

of bulletins about potato production 
and marketing have continued in thecentral region, and a total of 27 bulletins 
F.vke been printed and distributed over 
l'C last two years. The format of the bul-
Ictin has been expanded to inciude infor
mation about production and marketing, 
as well as credit, costs of production, and 
fertilizer prices. The database set up as 
part of this project also has been utilized 
to generate pi jections for potato prices 
in Lima. Work on marketing of seed 
potatoes and processed potato products 



Family sorting seedling tubers, Indonesia. 

in the central highlands is nearing com-
phtion. 

Venezuela. Marketing research in the 
Merida region of the country consisted 
primarilyofa formal survey administered 
to potato r.:,oducers. Key survey findings 
reflect the highly commercial production 
orientation (76% of the harvest is sold),
the use(o"white" varieties for the marl:ettheausedf"whte" varieties for tfar and "black" varieties for on-farm con-
sumption, and the tendencylocassl rs t t e f 
local rural assemblers and at the farm 
gate. Farmers generally reported that 
they had to accept the prices that they 
were offered because they lacked the in-
formation, financial resources (or 
credit), storage facilities, and access to 
the services of a producer organization to 
market them directly. 

rmblral nd to sell rmto 

Training 

An increasing number of general pro
duction courses for both potato and 
sweet potato include a socioeconomic or 
food-system component. This type of for
mal training was given in courses in Chile, 
Argentina, Kenya, the Philippines, and 
Indonesia. 

In addition, speciali;:ed training in on.farm diagnostic skills, which is part of a 
largerag nostU NDP-funded project, has been 
integrated into the collaborative survey 
work in countries of Latin America. 

Training associated with the joint 
development and execution of the in
dividual country projects is a major com
ponent of both the UPWARD and the 
PRACIPA marketing networks. 
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Participants in a recent workshop learned about sweet 

puato germplasm utilization in Los Baros, Philippines 154 



Highlights of Information 
Sciences and fraining Activities 
Information Sciences Department 
The Department of Information Scicn-
ces was created in 1989 to integrate infor-
mation functions and rc aurccs at CIP, 
and to respond to the emerging com-
munication challenges of the Center's 
progressive decentralization. CIP's in-
formation generation, processing, and 
relay functions are being reorganized 
within zn organizational structure 
designed to meet Certer-wide research 
and administrative needs. It includes the 
Information and Communication Units 
from the former Training and Corn-
munication Department, and incor-
porates the Computer, Statistics, and 
Public Awareness Units. The concep
tualization of the information function 
has received a positive review from the 
External Review panels. 

The goals of the new Department are 

to assess information and communica-
tion needs; design information and corn-
munication strategies; provide the 
structure and mechanisms for informa-tion exchange and management withinlinexchage adn en withnand 
CIP and with NARS, donors, and the 
general public; and facilitate the exchange 
of information among national programs. 

CIP's Communication Unit supports CIP 
in the development and implementation 
of communication strategies through the 
generation, design, production, and 
delivery of communication services and 

products. These include simplified pub
lications, phoLographs, audiovisual aids, 
and editing/writing, translation, and 
communication training. Working with 
CIP scientists to diagnose user needs, the 
Commun;cation Unit helps program and 
deliver optimum quality products and 
services for the Thrust activities. CIP re
search, administration, and training are 
assisted in the exchange of research
based information among CIP's regional
operations and main headquarters, as 
well as among national scientists. Net
works, professional associations, and 
mass media all play a role in this process. 

Over the past year, the Unit's achieve
ments included the following: 

The Communication Unit has pro
videdpertisetheforfacilities andprocessingtechnical exin-house and 
publish of ide r ng a
publishing of a wide of publica-
Report, CIP Cicular, training ma-
Rerirts, reearch reportabooksman
terials, research reports, books, and 
other print media. In total, 32 publica
loswinoue nldn h 
translation of several titles into a 
second language. Nearly 90,000 copies 

of CIP publicatio,,s are distributed 
each year to clients and subscribers 
worldwide. 

e The Unit produced new slide collec
tions (slide sets to accompany the 
Technical Information Bulletins, 
TIBs). Of these, five were produced in 
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English, Spanish, and French, and four 
in English and Spanish. In addition, the 
Unit has processed more than 30,000 
slides and color prints for reports and 
prese-itations, as well as graphics for 
paper. that CIP scientists regularly 
submit tojournals. The slide coilection 
(4,000) and black and white negatives 
and contacts are managed by the Unit, 
and a new inventory of the collection 
was initiated, 

" Training materials were developed or 
translated for courses at headquarters 
and regional courses, as well as for 
in -country courses. Thirty-one transla-
tions were coordinated and 7 training 
,uides were published in Spanish, in 
addition to a large number of un-
published documents produced for 
use in training, 

o A global mailing list of nearly 6,000 
entries, in operation since 1985, has 
been restructured and integratea with 
training data intc the Potato Network 
Database. 

" New elecirenic technologies were in-
troduced in text processing and layout 
foi the CIP Annual Report, CIP Cir-
cujar, and other publications. Text 
processing has largely been trans-
ferred from the minicomputers to 
microco.: iputers. Center publications 
are produced almost completely 
within CIP. Equipment has been or-
'.red for further development of 

graphe and layout capabilities.
Sopabshn venoutucaplitish hSeveral staff members 

SCopubiishing ventures WlEnglish have 
been reassessed and ew working r-
rangements established for commercial 
publishirg .nd other translation/edit
ing functions. Revamping of CIP-wide 
publications and media procedures 
also was bcgun within the Publications 
Committee. Copublishing agreements 

exist between CIP and the "Editorial 
Hemisferio Sur" for 20 Technical In
formation Bulletins in Spanish. These 
copublication agreements also in
cluded the translation and publication 
of the bcnk Potatoesby D. Horton, as 
well as of the book Pincipiosde Al
macenamientode la Papaby R. Booth 
and R. Shaw. New contractual ar
rangements were made with Cam
bridge University Press, Cambridge, 
England. 

Co 
mputer Unit 

Building on the computer system existing 
at headquarters and in the regions, the 
n,.;wly formed Unit evaluates CIP's com
puter needs and resources, helping .:p
date and develop technology in the 
computer and telecommunications 

fields. The unit assesses alternatives for 
the development of information systems, 
using appropriate technologies. 

The unit provides the scientific and 
administrative staff with the orientation,
training, and computer facilities neces
sary for performing their activities. It also 
assists in the diffusion of computer tech
nologies for use in national programs. 
The Computer Unit acts as an interface 
between computer users and CIP's 
management, providing technical re
sources for the Computer Committee to 
propose guidelines and define standards 
for computer systems at CIP. 

were trans
ferred from the Inforination Unit to theComputer Unit, and functions were 
redefined. 

An assessment of computer and com
munication needs was conducted in coor
dination with the Communication Unit, 
as well as an assessment of present and 
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projected information systems at "iP. 
Databases have been developed witit mis 
information. 

In May, three consultants assisted CIP 
in determining priority changes required 
for better support of ongoing and 
projected operations. The Computer 
Committee and the management have 
analyzed their recommendations and 
priority recommendations are being im-
plemented. Use of PCs has increased 
substantially, and CIP has teceived over 
50 additional compatibles to support 
basic research and administrative infer-
mation processing and management. 
Telecommunications through electronic 
mail has increased significantly during 
this year, both for headquarters and 
regional offices. Telexes and FAXs are 
now sent regularly through electronic 
mail, thereby increasing efficiency, and 
achieving a reduction of cost. Successful 
trials have been conducted to communi- 
cate through BITNET with selected 
universities. 

InformaPon Unit 

The special project funding provided by 
IDRC to establish an information service 
for potato researchers at CIP has con-
cluded this year. These services have 
been successfully incorporated into 
CIP's regular operations. Among the 
achievements of the Information Unit 
are the following: 

" Implementation and maintenance of 
CIP'sBibliographicDataba-e,in which 
has been included the input of the 
cc-nplete library collection of 34,000

references on potato and sweet potato. 

" Retrospective searches CIP Staff and 
national programs are provided 
regularly. This year, special emphasis 

was placed on providing regular ser
vices to new users from Asia and 
Africa. From June 1989 to June 1990, 

822 retrospcive computer searches 
were made. 

The SDI service includes tailor-made 
searches offered three times a year 
with the objective of keeping national 
scientists updated in their specific 
areas of research. Over 300 SDI sub
scriptions are provided to users from 
CIP and NARS. The individual nature 
of the SDI service has been highly 
valued by researchers receiving this 
type.of service, as can be found in the 
evaluations conducted periodically. 
Bibliographies. This year, CIP has 
produced two comprehensive bibliog
raphies: True Potato Seed and In
tegratedPest Management of Potatoes 
that have been distributed to all na
tional potato programs and key 
libraries. 

o Accession Lists. These publications list 
on a monthly basis all new documents 
received by the CIP library, and are 
distributed to all potato programs. 
Photocopies and Publications Sup
p Bas on pciic ies idn 
tiffed in the searches or SDIs, users of 
these information services can request 
from CIP, for each search or SDI, up 

to 30 free photocopies or two articles. 
This service is utilized widely by re
searchers from all over the world, who 

can find information not easily avail
able in local libraries. 
One of the objectives of CIP's infor

mation and communication services istosupport and strengthen the exchange of 

information among potato and sweet 
potato researchers from developing 
countries. Several activities have been 
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undertaken leading towards the achieve-
ment of this objective, among which isthe 
datathase on Publishing Procedures of 
Agricultu. al Journals. 

The P o tato N e twork Da ta b ase hasbeen designed to integrate all iniforma-
bee deignd llt inegrte nfoma-tion of statistical methodologies and

tion on individuals and institutions work-
ing with potato or sweet potato around 
the world. This information system in
cludes the Center's mailing list, as well as 
all training data. 

Statis'Ics Unit 

With the reorganization of the Depart-
ment, a Statistics Unit was created this 
year to provide statistical advice and 
training for the appropriate design, 
analysis, organization, and presentation 
of research projects. The Unit assists 
scientists, both at headquarters and 
regional offices, in the application of the 
most advanced statistical methods for re-
search processes, using modern comput-
ing and communication software and 

hardware. It collaborates in the statistical 
design and analysis of data managed by 
CIP's Administration and Managevnent. 
Furthermore, it assesses the specific 
statistical needs of CIP's scientific working n r l Th U it p o t e t e i l . aingeneral.The Uuit promotes the utiliza-. 

tof statiial m ooges and 
sorend 

Public Awareness Unit 

This newly formed Unit has been created 
within the Department, although no staff 
were contracted during 1989, and the 
public awareness function is being as
sessed by the Public Awareness Commit
tee, which was formed at mid-year. The 
Committee has developed a short-term 
operational plan to respond to the com
munication needs of CIP's publics, in
cluding CIP employees, and specific 
external audienzes including NARS, 
donors, and the international scientific 
community. 
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Training Department 
CIP training is developed jointly with na-
tional and regional programs to help im-
prove research and technology, and 
respond to farmers' problems in potato 
and sweet potato production and use. 
The annual work plan consists of group 
and individual participation in both 
short-term and specialized training (see
Table 1). CIP also supports graduate 
training for students from NARS that 
have potato and sweet potato improve
ment projects. Regional and head-
quarters staff assist as resource scientists 
in courses organized by national and in-
ternational organizations, presenting lec-
tures and seminars when required. 

Jointlywith CIATand IITA (the other 
international centers whose research and 
development mandates include root and 
tuber crops), CIP began the second year 
of a three-year project on Human Resour-
ces Development. This project focuses 
on the generation and transfer of root-
and tuber-crop tcchnology in national 
agricultural research systems of Africa, 
Asia, Latin America, and the Caribbean. 
The three centers have developed and 
integrated concepts and methodologies 
to cover six areas of special need: or-
ganization and management of vegeta-
tive seed production programs; 

Table 1. CIP training activities for 1989. 

No. of
Training No. of countries No. of
activity participants represented courses 
Specialized 

group 399 47 21 
Group 188 24 16 

Training at CIP 
headquarters 47 22 119 

Thesisprocess i 9Project 

integrated pest management (IPM); 
training in farm-level diagnostic skills;
product development; training and com
munications; and formative 'Ind summa
tive evaluation. This project began in 
1988 as a follow-up to earlier projects. 

Training on Collection, Maintenance 
and Use of Unexploited Genetic 
Resources 

CIP's central goal of improving potato 
and sweet potato production builds upon 
the wide genetic base represented by the 
world collection of these two crops now 
maintained at CIP headquarters. Effec
tive use of this genetic wealth depends
largely on the capabilities of national 
scientists who do their research on 
breeding, selection, and adaptation in 
diverse environments. The required cx
pertise for breeding work is not always 
available or sufficient at the NARS, thus 
CIP training is selectively directed 
toward improving national scientists' 
capabilities in this area. 

Several courses on Germplasm 
Management were offered during 1989. 
A course on Potato Germplasm Manage
ment was held in Colombia and Ecuador, 
with participants from all 5 Andcan 
countries: Bolivia (1), Colombia (1),
Ecuador (2), Peru (8), and Venezuela 
(2). The course was initiated in Bogota 
where the students received lectures and
"practicals" on principles of potato
breeding, selection of progenitors, and 
breeding methods. Emphasis was given
to breeding for resistance to late blight 
and bacterial wilt. The trainees par

ticipated in the harvest and selection
of an International Late-BlightTrial in Rionegro, Colombia. In 
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Quito, Ecuador, the students learned 
about breeding for resistance to the 
potato cyst nematode, 

A two-week regional training course 
on potato germplasm management in 
Nairobi, Kenya was attended by 17 
trainees representing 11 National Potato 
Programs from countries in east, central, 
and southern Africa. This course em-
phasized screening tcchniqucs for biotic 
and abiotic factors Summary analysis 
and discussion by the participants 
covered four major areas: (1)n.echanisms 
of communication in potato gcrmplasm 
utilization; (2) methods and efficiency of 
acquisition of potato germplasm; (3) 
proersadstrategies, and (4)ts 

research and the use of seedling tubcrs asanlthrn~ative propagvation method,. 
an altrnd atio metod. 

prove the germplasm utilization programin the regions. 

A Workshop on Sweet Potato Germ-
plasm in Kenya was co-sponsored by the 
Kenyan Agriculture Research Institute 
(KARl) and CIP at Nairobi and Katumani. 
A total of 22 participants attended: 12 
from the sweet potato programs at six of 
KARl's stations, 3 from other Kenyan 
institutions, 2 from IBPGR, and 5 from 
CIP. Topics included collaborative re-
search and sweet potato germplasm col-
lection and utilization. In addition, 
Kenyan researchers were trained on the 
use of the morphological descriptions 
developed by Dr. Z~simo Huaman, of 
CIP. 

A regional course for Asia - Potato 
Germplasm Management, Breeding, and 
Evaluation - was held at PCARRD, Los 
Bafios, Philippines, sponsored by CIP, 
SAPPRAD and PCARRD. Participants 

came from China (4), Fiji (1), Indonesia 
(1), Malaya (1), Pakistan (1), the Philip
pines (8), Thailand (2), Vanuatu (1) and 
Vietnam (3). The participants were 
potato scientists now involved in 
geimplasm management and evaluation. 
Course topics included; basic genetics; 
crop taxonomy; tissue culture as a means 
of maintaining germplasm; virology in
volving the identification and detection 
of viruses; and breeding strategies and 
evaluation methods. 

Training on Integrated 
Management of Pests and Diseases 
Developing countries generally have few 
scientists with experience in integrated 

methods for disease and pest manage
ment. Thus, CIP works in collaboration
with other international institutions inihohritraioa ntttosi 
putting together comprehensive training 
programs. Over the past year, IPM
workshops and conferences were held inregions 1I, VI, and VIII. 

In Guatemala, in September, trainees 
prepared a master plan to initiate and 
conduct IPM work in their respective 
countries. The course was attended by 14 
participants from Guatemala (9), Panama 
(1), Honduras (1), Costa Rica (1) and 
Nicaragua (1), all in the PRECODEPA 
network. Entomologists from CIP and 
from the countries of PRECODEPA are 
backstopping and monitoring IPM ac
tivities in the region. 

An International Conference on Sweet 
Potato Pest Management was sponsored 
by the University of Florida and CIP in 
Miami, Florida. Researchers studying in
sect pests of sweet potatoes worldwide 
exchanged information about insect 
problems and management approaches. 
Speci'd emphasis was placed on topics 
concerned with the sweet potato weevil, 
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including the use of sex pheromones, Training op Communication 
biological controls, and weevil/host plant and Training Methods 
interactions. Training on communication and training 

The swcet potato weevil is the mos! 	 methods is ar integral part of the relay 
and exchange of technology developedserius c~taffctin 	 CIP's research Thrusts throughprducionandwithin 

utilization of the sweet potato in Asia. To 
support Asian researchers, the Intcrna-
tional Training Course on Integrzacd 
Control of Sweet Potato Weevilwas held 
at ,he Central Tuber Crops Research I.-
stitute (CTCRI), Trivandrum, India, in 
August. Attending the coursz were par-
ticipants from Bangladesh (2), the Philip-
pines (2), Thailand (1), Indonesia (1), 
and India (5). Key topiks included 
taxonomy, biology, and evaluation oi 
genetic resistance and other control 
methods for the sweet poiato %weevil. 
Toward the end of the course, work plans 
on integrated control of sweet potato 
were prepared by !he trainees with the 
assistance of CIP and CTCRi scicntists. 

A related seminar on diseases and 
pests of sweet potato was also held in 
August at CTCRI, and was attended by 
participants from ladia (6), Bangladesh 
(2), the Philippines (2), Thailand (1), and 
Indonesia (1). 

A training course on potato bacterial 
wilt was sponsored by the Institute of 
Plant Protection of CAAS and CIP at 
Beijing, China, in May. The course was 
designed for scientists from China anddesigded forscienitsofrom)hprincipand 
included discussion of: 1) tie' principls 
and applications required for breeding 
for resistance to bacterial wilt, (2) germ-
plasm evaluation for bactcrial-wilt resis-
tance, and (3)bacterial-wilt management 
and serological techniques. Twelve 
trainees from different provinces of China 
attended the course. 

witn Idepartmental researiThrustrhanddcollaborative research 
projects. In May, aworkshop on Training 
and Communicaton skills was held in 
Lima, Peru, with participants from 
Colombia (6), Ecuador (6), and Peru (5). 
Course instructors were from CIAT (1) 
and CIP (3). During the course, each 
national team developed a plan to sup
port future training and communication 
activities in their countries. 

In a related activity, CIP and CIAT 
have screened and -9mpiled nearly 100 
documents on communicaton, training, 
and evaluation in an Inventory of Train
ing Materials. The materials, in both the 
Spanish and English languages, were 
shareJ with participants in the workshop. 
Dccuments in English are being further 
screened and classified, and several 
documents in Spanish are being trans
lated into English for use in the Asian and 
African workshops to be he;id in 1990 and 
199i. 

Seed-Technology Timning 

Although excellent potential varieties 
have been produced by CIP breeding 
programs and by breeders in the national 
programs through collaborative researchprojects, recent CIP studies of global use 
of improved potato varieties have shown 
that new genetically improved materials 
have not been reaching farmers' fields. 
Thus, upward trends in potato produc
tion in developing countries apparently 
stem from higher yields obtained from 
traditional varieties and/or expansion of 
the areas growing such varieties. 
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The analysis of the factors that are 
hampering use of improved breeding 
products readily indicates that the 
availability of healthy planting material is 
a first-order constraint. Thus, CIP's 
Regional Programs and training efforts 
are directed towards assisting national 
programs in developing efficient seed 
multiplication programs and in 
strengthening existing programs. This in-
itiative requires specialized training in 
seed technology, with emphasis on rapid 
multiplication of healthy vegetative 
materials, as well as the logistics and ad-
ministration of appropriate seed 
programs that respond to country needs. 

Group triining activities in seed tech-
nology in 1989 included the Third Inter-
national Storage and Seed Production 
Course held in January /February in 
Osorno, Chile. Developed jointly by 
INIA and CIP, the course brought 
together trainees from Chile (7), Brazil 
(1), Bolivia (1), Ecuador (1), El Salvador 
(1), Dominican Republic (1), Mexico (1), 
Honduras (1), Peru (1), and Panama (1). 

Instructors from INIA, the Univer-
sidad Austral, CIP, and the private sector 
emphasized seed production and 
storage, as well as technology of TPS 
production. The course is part of a 
UNDP-funded project oriented toward 
development of human resources and 
technical and scientific training. The 
course consisted of lectures, "practicals," 
discussions, field visits, and group work. 

A potato production course was held 
in Canoinhas, Santa Catarina, Brazil and 
was organized by the potato program of 
EMBRAPA-CNPH, in collaboration 
with the Basic Seed Production Service, 
and was funded by CIP. Held in October 
and November, the course was attended 

by participants from Brazil (23), Hun
gary (2), Paraguay (1), and Mozambique 
(1). Emphasis was given to seed produc
tion in collaboration with government 
and private institutions. 

In Quito, Ecuador, INIAP and CIP 
offered a course on Production of Basic 
Potato Seed in October/November. 
Major topics included tissue culture, 
rapid propagation by stem cuttings, and 
prevention of dissemination of systemic 
diseases associated with vegetative 
propagation. Eleven participants at
tended the course, with 2 each from 
Colombia and Ecuador, and 1 each from 
Chile, Argentina, Uruguay, Peru, 
Guatemala, Brazil, and Venezuela. Dis
cussion topics included prebasic seed 
production, in vitro maintenance and 
multiplication, serological tcchniques for 
v;rus detection, and NASH for viroid 
detectin. 

As part of CIP headquarters' assis
tance to national programs, a practical 
course in virology had been programmed 
as an annual activity for individual 
trainees interested in the basic techni
ques of virology. This course was held at 
CIP headquarters ia Lima, Peru in 
February, bringing together participants 
fron; Colombia (1), Venezuela (2), the 
Dominican Republic (1), Costa Rica (2), 
Ecuador (1), Peru (7), and Bolivia (1). 

Likewise, a first course in advanced 
virology was held at CIP-Lima in June. 
Six trainees participated: one each from 
Colombia, Brazil, Peru and Austria, and 
2 from Mexico. This six-week course is 
designed for scientists with advanced 
degrees who are actively engaged in virus 
research and in identification or prepara
tion of antiscra for virus detection. Each 
week of training is built around learning 
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modules that cover a particular techni-
que in detail, with intensive practical ex-
perience under the guidance of an expert 
virologist. 

In San Jose, Costa Rica, CIP col-
laborated with the Ministry of Agricul-
ture in holding a training course for the 
PRECODEPA network. The course, 
Pathology in Seed Potato Production, 
was attended by eight participants from 
Costa Rica and one each froin Mexico, El 
Salvador, Haiti, Panama, Honduras, 
Guatemala, and the Dominican Re-
public. Country reports were presentzd
by participants from each country on 
completion of the course, providing a 
two-way exchange of information and 
enabling assessment of participants' 
comprehension of the subject mattcr. 

An in-country course on Storage of 
Potatoes was held in February at Gisozi, 
Burundi, organized by the Institut des 

Sciences Agronomiques du Burundi 
(ISABU). The course was attended by 10 
trainees from government and private or
ganizations. 

CIP and iTA collaborated to offer a 
course on Organization and Manage
ment of Vegetative Seed Production 
Programs, which was funded by the 
UNDP in Nairobi and Kakamega, Kenya,
in Octobe-. A total of 17 participants 
attended from Uganda, Zambia, 
Seychelles, Ethiopia, Mauritius, Sudan, 
Swaziland, Lesotho, and Rwanda. 

A training course in virus detection for 
six regional stiff also was held in Nairobi 
in July, with participants from Kenya, 
Rwanwa, and Ethiopia. 

Regions III and VI had specialized 
training courses on TPS as an alternative 
method of propagating potatoes. During 
May, in Nairobi, Kenya, a total of six 

CIP staff receive training in the software programs needed for their work. 
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trainees representing the national 
programs of Kenya, Rwanda, Uganda, 
Mozambique and Ethiopia attended a 
one-week course on practical aspects of 
TPS technology, 

An in-c..%Antry seed prodlction and 
storage course was held at CPRA-Saida 
in Tunisia. Eighteen trainees from 
several development agencies attended 
the course, which was organized by 
Tunisian scientists of CPRA-Saida, 
INRAT, and CIP. 

An in-country potato production 
course was held in Menemem, Turkey, 
and Bagdad, Iraqand was attenwdd by 12 
itainces from private or semi-private 
seed companies. 

At Agadir, Morocco, 15 trainees from 
state extension, research, and seed 
production agencies attended an in-
country ccurse held at the Institut 
Agronomique et Veterinaire. 

The first Specialized Regional Course 
on Germplasm Management and Secd 
Production for West and Central Africa 
was held in Bamcnda, Cameroon in June. 
A total of 18 scientists attended from 
Senegal, Gambia, Nigeria, Ghana, Mali, 
Cape Verde, Cte d'lvoire, and Cameroon. 

The Ninth International Training 
Course on Potato Seed Production and 
Certification was sponsored by CIP at 
CPRS Modipuram, in Novem-
ber/December, and was attended by 
trainees from Nepal (8), Sri Lanka (3), 
Buthan (4), and India (3). 

A Regicr.al Workshop on Low-Cost 
Storage of Warc and Seed Potatoes held 
in India in May, was attended by par-
ticipants from Kenya (1), Nepal (2), 
Buthan (3) and India (10). The workshop 
focu:sed on technologies available for 

transfer to farmers and analysis of their 
needs. Participants made recommenda
tions for plans and strategies for future 
research and development activities on 
storage in cool and warm climates. 

A total of 28 scientists attended a 
Regional Workshop for Researchers on 
True Potato Seed (TPS) held at New 
Delhi in January. Participants were from 
Bangladesh (1), Buthan (2), Nepal (2), 
the Philippines (2), and Vietnam (1). 

A regional course on Sweet Potato
Tissue Culture and Virology was held in 
the Philippines, under the sponsorship of 
SAPPRAD, CIP, and PCARRD at 
VISCA. The course was designed for 
scientists from the Philippines, In

doncsia, Malaysia, Sri Lanka, and Papua 
New Guinea. Course work covered the 
basic concepts and techniques of tissue 
culture and virus crradication, idcntifica
tion, and indexing. Such knowledge is 
required to develop the procedures for 
sending germplasm for clean-up and for 
receiving clean materials from the Plant 
Research Institute in Victoria, Australia. 

A training course on utilization of 
ELISA and dot-ELISA kits was held at 
Inner Mongolia University in Tukei 
Province, China in January, with seven 
trainees from six of the country's potato 
research or production institutions. 

A course on Seed Potato Production 
of improved varieties was held in China 
in May, and was attended by 20 par
ticipants from provinces of southern 
China. 

CIP, in collaboration with the Insti
tute for Agronomic Research (IRA-
Bambui), sponsored an In-Country 
Potato Production Course in Bamenda, 
Cameroon. The course wts held in two
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day sessions, starting in April with plant-
ing, andfinishinginJulywith harvest.The 
course was attended by 20 agronomists 
from government and privale organiza-
tions of Cameroon. 

The FrstIn-couitry Courseon Potato 
Production sponsored by CIP in col-
laborationlaboration with the National Root Cropswithsredationa C rnops 

Research Institute (NRCRI) was held in 
Jos, Nigeria in July. Twenty researchers, 
extensionists, and production specialists 
from government organizations attended 
the course, which dealt primarily with 
ware and seed-potato production. 

CIP also sponsored the 18th InternatioalsTrainnsorsthe on oern-tiona l T ra in ing C o urse o n M o d e rn 
Methods of Potato Production held atIsiue 
the Central Potato Research Institut 
(CPRI) in Shimla, India. A total of 22 
researchers, extension specialists, and 
university teachers from India, Nepal, 
and Bangladesh participated. rhe course 
was coordinated by CPRI's Division of 
Social Sciences and most of the 40 in
structors were from CPRI. 

Sweet Potato Training 

Production technology is the central 
focus of most of CIP's training related to 
sweet potatoes (Ipomoea batatas L.). As 
research projects develop and NARS'in-
terest continues to increase, CIP plans to 
adjust the balance between production 
andspecializcd training, according to users' 
needs. In 1989, CIP sponsored sweet 
potato production courses, seminars, and 
workshops inCIP regions l, IV, VIandVIl, 
as indicated in the following summary. 

The First International Course on 
Sweet Potato Crop was held in San 
Pedro, Argentina in March, coordinated 
by the Instituto Nacional de Tecnologia 
Agropecaaria of Argentina and spon-

sored by CIP. Course participants came 
from Paraguay and Brazil (3 each ); Ar
gentina, Colombia, Ecuador, Peru, 
Uruguay (2 each); and Mexico, the 
Dominican Republic, Cuba, and 

Venezuela (1 each). Course objectives 
were to enable participants to: (1) iden
tify and describe problems and potentialsin sweet potato production; (2) explain 
the scientific basis for sweet potato 
production, including botany, physiology, 
producmyonpathologybotanymicsioetc. 
agronomy, pathology, economics, etc. 
ond to solving res oet 
otto ocin a rei.potato production and marketing. 

At the Kafr El Zayat station in Egypt,a o e w e w e o a o P oSweet u t oa one-week Potato Production 
course was held for potato growers, re
searchers, horticulturists, and exten
seacs, l a 

A Seminar on Sweet Potato in Asia 
was held in July at CTCRI, Trivandrum, 
India. 

The National Sweet Potato Seminar-
Workshop was held in Baybay, Leyte,
Philippines in collaboration with 
PRCRTC and VISCA. A total of 47 par
ticipants attended this in-country course. 

A Regional Sweet Potato Production 
training course was held at PCARRD, 
Los Bafios, Philippines in January/ 
February, attended by trainees from the 
Philippines and Indonesia (6 each); Viet
nam (4); the Solomon Islands, Thailand 
and Taiwan (2); and Korea, Tonga,and 
Australia (1). The objectives were to 
communicate the present state of scien
tific knowledge on major disciplines of 
sweet potato research; to equip national 
scientists for teaching general produc
tion courses in their home countries; and 
to develop research work plans for each 
participating country. The focus was on 
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farm-level problems, with analysis of the 
farmers' production constraints. Presen-
tations dealt primarily with produiction, 
breeding, and postharvest problems. 

An In-Country Workshop on Sweet 
Potato Production Utilization and Mar- 
keting was held in Vietnam, in Septem
ber, with 3 groups of 35, 11, and 22participants. 

Postharvest Technology 

CIP :ponsored a course on Village-Level 
Processing of Root and Tuber Crops at 
the Society for the Development of Ap-
propriate Technology (SOTEC) in 
Barcilly, India in March. Participants 
came from India (5), Bangladesh (2), and 
Nepal and Sri Lanka (1). 

Potato and Sweet Potato Agronomy 
In Peru, in close cc',aboration with the 
Soil Department of the Universidad 
Agraria at Lima, training courses were 
held, emphasizing fertilizers and fer-
tilization techniques used in potato and 
sweet potato production. More than 200 
Peruvian reseirchers and cxtcnsionists 
from government and private institutions 
from throughout Peru attended these 
courses. The courses included presenta-

tions on plant nutritional requirements; 
types, dosage, and methods of fertilizer 
application; and economic analysis of in
puts and returns. 

Supptor Collaborative ResearchNetworks 

CI P-sponsored rcsearch networks are
progressively increasing their abilities to 
conduct training within their regions. 
The senior network, PRECODEPA, is 
fully meeting the needs of its country 
members for training in potato produc
tion technology, alongwith some special
ized training. The other networks are 
making similar progress and the in
creased capabilities of the NARS and 
collaborative networks have released 
CIP's staff for more specialized training, 
technical assistance, and development of 
training materials. 

The national leaders of the potato 
programs of the PRECODEPA countries 
attended a seminar in Lima, Peru in 
February/March, which provided a 
scientific update for the participants, 
while helping strengthen and develop 
collaborative bridges within the in
dividual countries and PRECODEPA. 
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List of Abbreviations and Acronyms
 

AGRIS 

AID 
ALAP 
AMV 
ANOVA 
APLV 
APMV 
ARARI 
AVRDC 
a.i. 
avg 

BARI 
BPI 
BW 
CAAS 
CABI 

CGA 
CGIAR 
CIAAB 
CIAT 
CIP 
CIPC 
CLD 
CMS 
CNPH 
COTESU 
CPRI 
cm 

cv. 
d 
DAP 
DLS 
DMRT 
DNA 
EB 
EBN 
EDTA 
ELISA 
EMBRAPA 

Intc!iiational Information System for Agricultural Sciences 
and Technology (Italy)
Agency for International Development 
Asociaci6n Latinoamericana de Papa 
alfalfa mosaic virus 
analysis of variance 
Andean potato latent virus
 
Andean potato mottle virus
 
Aegean Regional Research Institute (Turkey)

Asian Vegetable Research & Development Center (Taiwan) 
active ingredient 
average
 
Bangladesh Agricultural Research Institute
 
Bureau of Plant Industries (Philippines)
 
bacterial wilt
 
Chinese Academy for Agricultural Sciences
 
Commonwealth Agricultural Bureau International (CAB In
ternational)
 
general combining ability
 
Consultative Group on International Agricultural Research
 
Centro de Investigaciones Agricolas "A-Boerger" (Uruguay)

Centro Internacional de Agricultura Tropical (Colombia)
 
Centro Internacional de la Papa (Peru)
 
isopropyl-N-3-chlorophenyl-carbamate
 
chlorotic leaf distortion
 
cytoplasmic male sterility
 
Centro Nacional de Pesquisa de Hortaliqas (Brazil)
 
Cooperaci6n T6cnica Suiza
 
Central Potato Research Institut, (India)
 
centimeter
 
coefficient of variation
 
cultivar
 
day
 
days after planting
 
diffused-light store
 
Dincan's multiple range test
 
deoxyribonucleic acid
 
early blight
 
endosperm balance number
 
ethylenediaminetetraacetic acid
 
enzyme-linked immunosorbent assay
 
Empresa Brasileira de Pesquisa Agropecuaria (Brazil)
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ERSO Consorzio "Mario Neri" (Italy) 
FAO Food and Agriculture Organization of the United Nations 
FDR first division rzstitution 
FONAIAP Fondo Nacional de Investigaciones Agropecuarias (Venezuela) 
g gram 
GA gibberellic acid 
GAAS Guandong Academy of Agricultural Sciences 
h hour 
ha hectare 
hrp hypersensitive response 
IAO Istituto Agronomico per l'Oltremase, Italy 
IBPGR International Board for Plant Genei- Resources 
IBTA Instituto Boliviano de Tecnologia Agtcpecuaria 
ICA Instituto Colombiano Agropecuario (Colombia) 
ICAR 	 Indian Council for Agricultural Research 
ICRISAT 	 International Crop Research Institute for Semi-Arid Tropics 
ICTA 	 Instituto de Ciencia y Tecnologia Agricolas (Guatemala) 
IDEAS 	 The Venezuelan International Institute of Higher Studies 
IDRC 	 International Development Research Centre (Canada) 
IFPRI 	 International Food Policy Rescarch Institute 
IITA 	 International Institute of Tropical Agriculture (Nigeria) 
ILBRT 	 International Late Blight Resistance Trial 
INIA 	 Instituto Nacional de Investigaciones Agropecuarias (Chile) 
INIAA 	 Instituto Nacional de Investigaci6n Agraria y Agroindustrial 

(Peru) 
INIAP 	 Insrituto Nacional de Investigaciones Agropecuarias 

(Ecuador)
 
INIFAP Instituto Nacional de Investigaciones Forestales y 

Agropecuarias (Mexico) 
INIPA Instituto Nacional de Invcstigaci6n y Promoci6n Agropecuaria 

(Peru)
 
INIVIT 	 National Institute for Research in Tropical Roots and Tubers 

(Cuba) 
INPT 	 Institut National de la Pomme de Terre (Togo) 
INRA 	 Institut National de la Recherche Agricole (Senegal) 
INRAT 	 Institut National de la Recherche Agronomique de la Tunisie 
INTA 	 Instituto Nacional de Tecnologia Agropecuaria (Argentina) 
IPO 	 Research Institute for Plant Protection (Netherlands) 
ISABU 	 Institut des Sciences Agronomiques du Burundi 
kb 	 kilobar 
L 	 liter 
LAR 	 leaf area ratio 
LB 	 late blight 
LEHRI 	 Lembang Horticultural Research Institute (Indonesia) 
LER 	 land equivalent ratio 
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LSD 

LUE 

lat. 
long. 
MA 
MBN 
MJ 
m 
meq 
min 
ml 
mm 
mo 
NAR 
NARS 
NASH 
NCM 
NCSU 
ND 
NS 
NSAC 
nm 
ns 
OP 
PBI 
PCARRD 

PCN 
PIPA 
PLRV 
PNAP 

PRACIPA 

PRAPAC 

PRECODEPA 

PRI 
PROCIANDINO 

PROCIPA 

PSTV 
PTM 

least significant difference 
light use efficiency 
latitude 
longitude 
monoclonal antibody 
Meloidogyne bacterial wilt nematode resistant material 
megajoule 
meter 
milliequivalent 
minute 
milliliter 
millimeter 
month 
net assimilation rate 
National Agricultural Research Systems 
nucleic acid spot hybridization test 
nitrocellulose membranes 
North Carolina State University 
not determined 
not studied 
Nova Scotia Agricultural College 
nanometer 
not significant 
open-pollinated 
Plant Breeding Institute (UK) 
Philippine Council for Agriculture and Resources Research 
and Development 
potato cyst nematode 
Programa de Investigaci6n en Papa (Peru) 
potato leafroll virus 
Programme National de l'Amelioration de la Pomme de Terre 
(Rwanda) 
Programa Andino Cooperativo de Investigaci6n " l apa (An
dean region)
 
Programme Regional d'Amelioration de la Culture de Pomme
 
de Terre en Afrique Centrale (Central Africa)
 
Programa Regional Cooperativo de Papa (Central America-

Caribbean)
 
Plant Research Institute
 
Programa Conperativo de Investigaci6n Agrfcola para ia Sub
region Andin
 
Programa Cooperativo de Investigaciones en Papa (southeast
 
region of South America)
 
potato spindle tuber viroid
 
potato tuber moth
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PTV 

PVA 

PVM 

PVS 

FW 

PVX 

PVY 

ppm 

RCB 

RFLP 

RGTC 

RH 

RICA 

Rif N 
RLER 
RNA 
SAPPRAD 
SCRI 
SD 
SED 
SEINPA 
SEM 
SLA 
SNC 
SOTEC 
SPCV 
SPFMV 
SPLV 
SPMMV 
sec 
TPS 
t 
UNA 
UNCP 
UNDP 
UPLB 
UPWARD 
USAID 
var. 
vol 
vs. 
WUE 
wk 
wt 
yr 

Peru tomato virus 
potato virus A 
potato virus M 
potato virus S 
potato virus V 
potato virus X 
F3tato virus Y 
parts per million 
randomized cmmplete block design 
Restrictioa Fragnicui. Length Polymorphism 
relative growth rate 
relaive humidity 
Red (nteramericana de Cimunicadores Agricolas 
root-knot nematode 
relativt leaf expansion rate 
ribonucleic acid 
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Conference Papers and CIP Publications
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Paises del Cono Sur. [Advances on 

Tuber Seed Production in the South 
Cone Countries.] CIP, Lima, Peru. 
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Manejo de Plagas en Sistemas de Pro
ducci6n. Seminario Taller, Investi
gaci6n en sistemas de producci6n. 
CNI Tibaitati. P. L. G6mez (ed.). Jun. 
27-29, 198. pp. 118-123. 
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W iersema, S . G. 1989. Intro ductio n tova 
Swee PoatoProessig. raiing
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Research and Consultancy Contracts in 1990 
Research and consultancy contracts and special projects facilitate research on
priority problems and provide funds for potato and sweet potato work in both 
developing and developed countries. The contracts greatly increase CIP's flexibility
to meet changing needs and have proved to be both effective and low cost. In budgetary 
terms, collaboratioui wth cther institutions through contract research is advantageous
because facilities and personnel needed for a specific research activity are already in 
place. Thus, CIP conserves resources, and such savings are especially important as 
CIP moves further into biotechnological research with its high-cost implications. The 
returns on investments have been worldwide, both in terms of research data and in 
building valuable relations with the contractees who frequently play an important role 
in CIP's research-planning conferences and other planning and assessment activities. 

Thrust 1 	 6. Use 	of Innovative Tissue Culture
Collection, Maintenance, and Techniques to Improve Potato
Utilization of Unexploited 	 Germlasm. Physiology.J. Dodds 
Genetic Resources 

7. 	 Collection of the Sweet Potato Ge-
DepartmentalProjects netic Resources and Sweet Potato 
1. 	 Biosystematic Studies of Selected Germplasm Enhancement. Genetic 

Wild Species and their Utilization in Resources.F.de laPuentc/Z Huainzd 
Breeding (in preparation - two pre- Contract Proj 
vious projects merged). Genetic c cts 
Resources.P. Schmiediche/ C Ochoa 8. Instituto Nacional de Investiga

2. 	 The Maintenance, Documentation, ciones Agropccuarias (INIAP)
Distribution, and Evaluation of Ecuador. "Maintenance of the 
Potato and Sweet Potato Germ- Potato Gerniplasm In Vitro Collec
plasm. (In preparation - two pre- tion". Region . G. Garcia 
vious projects merged). Genetics 9. Ente Nazionale di Energie Alterna-
Resources. Z. Huaindn tive 	(ENEA), Italy. "Development 

3. 	 Germplasm Enhancement through of Potato Project Varieties Resis
the UseofHaploidsand2nGametes. tant to Insect Pests by Means of 
Genetic Resources. K Watanabe Conventional Innovative Breeding

4. 	 Development of Cytological and In Technologies." SpecialA. Sonnio, L. Bacchetta Project. 

Vitro Technique; to Facilitate
 
Exploitation of Sweet Potato 10. 
 Zuzhou Institute of Sweet Potato 
Germplasm. Genetic Resources. (XISP), China. "Evaluation of 
P.Schmniediche/G. Orjeda 	 Sweet Potato Germplasm." Genetic 

5. 	 In Vitro Potato and Sweet Potato Resources. ShengJialian 
Germplasm Collection. Introduc- 11. Guangdong Academy of Agricul
tion, Maintenance, and Analysis. tural Sciences (GAAS), Chzina. 
Physiology. R. Lizarraga/J.Dodds "Sweet Potato Germplasm for the 
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Tropics." Genetic Resources. Feng 
Zu-Xia 

12. 	 Universita degli Studi della Tuscia 

Viterbo, Italy. "Use of Genetic En-
gineering Methods to Confer Fun
gal Disease Resistance to Potatoes."Special Project. C.Di Pace 

13. 	 UniversitA di Napoli, Italy. "In Vitro 
Selection of Potato Mutant Tolerant 
to Abiotic Stress." Special Project. 
L. Monti 

14. 	 Maintenance of In Vitro SweetPotato Germplasm in Venezuela. L. 
Vilegas (IDAE, Venezuela) Genetic 
Resources. DoddsV. 

15. 	 Louisiana State University (LSU), 
U.S.A. "The Use of Agrobacterium 
Plasmia Vectors to Insert Anti-bac-
terial, Anti-insect and Frost Resis-
tance Genes into Potato Plants." 
Physiology. J.M.Jaynes 

Thesis Projects 

16. 	 The Utilization of Wild Potato 
Species of the Series acaule and 
etuberosa as Sources of Resistance 
to Potato Leaf Roll Virus (PLRV) 
and Potato Spindle Tuber Viroid 
(PSTVd). UNA, Peru. Genetic 
Resources. C Arbizz4 (P.Scluniediche) 

17. 	 Crossability between Ipomoea 
species of Section Batatas. UNA, 
Peru. Genetic Resources. J.Diaz,
(F. De la Puente) 

18. 	 Production of Synthetic 6x Clones of 
Ipomoea trifida. UNA, Peru. Genetic 
Resources. R.Freyre,(M.Iwanaga) 

19. 	 Techniques for the Management 
and Conservation of Sweet Potato 
(Ipoinoea batatas) Cuttings. UNA, 
Peru. Genetic Resources.A. Robles, 
(F.De la Puente) 

Thrust II 
Production and Distribution ofAdvanced Breeding Material 

DepartmentalProjects 

20 	 Adaptation and Utilization ofPotato and Sweet Potato Popuilations in Breeding. Breeding & 
Genetics. H.Mendoza 

21. 	 Breeding of True Potato Seed 
Populations. Breeding & Genetics. 
H.Mendoza 

22. 	 Breeding and Selection of Potato 
Clones with Disease Resistances 
and Other Appropriate Horticultural Characteristics. Breeding & 
Genetics. H.M. Kidane-Afariain 

23. 	 Breeding, Selection, and Distribu
tion of Appropriate TPS Progenies 
and/or Parental Lines in East and 
Southern Africa. Breeding & 
Genetics. H.M.Kidane-Mariam 

24. 	 Breeding Sweet Potato for Low 

Sugar and Resistance to Weevil. 
Breeding & Genetics. T. Dayal 

25. 	 Evaluation of Potato Clonal and 
TPS Germplasm for Adaptation to 
Warm Climates. Breeding & 
Genetics. E. Chujoy 

26. 	 Development of Improved Sweet 
Potato Germplasm for Warm and 
Cool Tropics of Southeast Asia. 
Breeding &Genetics. E. Chujoy 

27. 	 Development of True Potato Seed
(TPS) Parental Lines and Progenies 
for Agronomic and Reproductive 
Characters. Breeding & Genetics. 

A. Golnirzaie 

28. 	 Production, Evaluation, and 
Utilization of Potato Germplasm in 
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Colombia. Region 1. L Valbuena 

(ICA, Colomnbia)/O. Hidalgo 
29. 	 Evaluation of Germplasm and Selec-

tion for Cyst Nematode Reiistance. 
Region 1. R. Eguiguren (INIAP, 
Ecuador)/O.Hidalgo 

30. 	 Evaluation of Advanced Potato 
Breeding Material in Ecuador. 
Region I. H.Andrade (INIAP, 
Ecuador)/O. Hidalgo 

31. 	 Evaluation of Advanced Potato 
Breeding Material in Venezuela. 
Region I.R. L Palencia(FONAIAP, 
Venezuela)/O. Hidalgo 

32. 	 Evaluation of Advanced Potato 
Breeding Material in Peru. Region . 
A. Hidalgo (INIAA, Peru)/ 0. Hi-
dalgo 

33. 	 Evaluation of Advanced Potato 
Breeding Material in Chile. Region 1. 
J. Kalazich (INIA, Chile)/CIP 
Breeders 

34. 	 Evaluation of Advanced Potato 
Breeding Material in Argentina. 
Region 1. A. Mendiburu (INTA, 
Chile)/CIPBreeders 

35. 	 Evaluation of Advanced Potato 
Breeding Material in Uruguay. 
Region I. F.Vilaro (CIAAB, 
Uruguay)/CIPBreeders 

36. 	 Evaluation of Advanced Potato 

Breeding Material in Paraguay. 
Region L.A. Lopez (Min. of Agricul-
ture, Paraguay)/CIPBreeders 

37. 	 Evaluation of Adva:,ced Potato 
Breeding Material in F 'zil. Region . 
J.Buso (CNPH/EMBkAPA, Brazil)! 
CIPBreeders 

38. 	 Collaboration with National Pro-
grams in the Evaluation and Selection 
of Superior Clones and TPS Pro-
genies. Region I!!. National Breeders 

of East & Southern African 

Countries/H. i. Kidane-Mariam 

39. 	 Introduction, Maintenance, and 
Distribution of Advanced Genetic 
Materials of Potato. Region Ill. 
C.Cadi/H.M.Idane-Masia/Syl ,ester 
Nganga 

40. 	 Evaluation of Advanced Genetic 
Materials with Resistance to Late 
Blight, Bacterial Wilt, Storability, 
and 	Adaptation. Special Project. 
A. Rubirigi ( I S A B U, Burundi)/ 
J. Rueda 

41. 	 Selection of Potato Cultivars with 
Late Blight Resistance, Adaptation, 
and Quality. Special Project. 
B. Tuku (IAR, Ethiopia)/P.Callejas 

42. 	 Evaluation of Advanced Genetic 
Materials of Potato with Emphasis 
on Virus Resistance. Region IV. 
M. Fahem ( C P R A , Tunisia)! 
R. Cortbaoui 

43. 	 Evaluation of Advanced Genetic 
Materials of Potato in Egypt. Region 
IV. L. Anrity (Min. of Agricul
ture)/R. El-Bedewy 

44. 	 Evaluation of Advanced Genetic 
Materials of Potato for Cameroon 
and Countries with Similar Agro
ecological Conditions. Region V. 
National Breeders of West and 
Central Africa/C Martin 

45. 	 Introduction, Evaluation, and Mul
tiplication of Sweet Potato Germ
plasm. Region V. IRA Scientists/ 
C. Martin 

46. 	 Breeding for TPS Parental Lines. 
Region VI. CPRI Scientists/M. 
Upadhya 

47. 	 Evaluation, Multiplication, and Dis
tribution of Advanced Genetic 
Materials of Potato. Region VII. Na
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tional Breeders from Southeast 
Asian Countries/P. Vander Zaag/ 
E. Chujoy 

48. 	 Evaluation of TPS Progenies and 
Production of Hybrid Seed. Region 

11. National Scientists (LEHRI, 
.ndonesia)/M.Potts 

49. 	 Introduction and Utilization of 
Potato Germplasm. Region VIII. 
National Scientists of China 
(CAAS, China)/S.Bofu 

50. 	 Evaluation of Cultivated Sweet 
Potato Germplasm in Paraguay. 
Region 1. M. Cardoso (Ministry of 
Agriculture, Paraguay)/A.Stroh-
menger 

51. 	 Development of Improved TPS 
Progenies for Various Environ-
ments ofChina. Region III. National 
Scientists of China (CAAS, China)/ 
S. Bofu 

ContractProjects 

52. 	 Cornell University, Ithaca, USA. 
"The Utilization of Solanum tubero
sum spp. andigena. Germplasm in 
Potato Improvement and Adapta-
tion." Breeding & Genetics. R.L. 
Plaisted/H.D. Thurston/W. M. Tin-
gey/B. B. BrodielE.Ewing 

53. 	 North Carolina State University, 
USA. "Breeding and Adaptation of 
Cultivated Diploid Potato Species." 
Breeding & Genetics. W. W. Collins 

54. 	 University of Wisconsin, Madison, 
USA. "Potato P;eeding Methods 
with Species, Haploids, and 2n 
Gametes." Genetic Resources. S. J. 
5Poquin 

55. 	 Instituto Nacional de Tecnnlogfa 
Agropecuaria, (INTA), Balcarce, 
Argentina. "The Utilizatio-i of In-
creased Genetic Variability' in the 

Potato Breeding Program." Breed
ing &Genetics. A. Mendiburu 

56. 	 Agriculture Canada. "The Nutri

tional and Chipping Evaluation of 
Selected Parental Clones in Peru, 
the Philippines, and Canada." 
Breeding &Genetics. T. R. Tam 

57. 	 University of Tacna, Peru. "Evalua
tion of Sweet Potato Germplasm 
for Tolerance to Certain Abiotic 
Stresses under Arid Conditions." 
Breeding &Genetics. N.Arevalo 

58. 	 Instituto Nacional d Investigaci5n 
Agraria, (INIAA), Peru. "Evalua
tion of CIP Advanced Clones for the 
National Potato Program of Peru." 

Breeding &Genetics. D. Untiveros 
59. 	 Centro Nacional de Pesquisas de 

Hortaliqas (CNPH/EMBRAPA), 
Brazil. "Evaluation of Potato 
Germplasm Evaluation (Solanumn 

tuberosuin L.) related to Resistance 
to Altentaria solani. " Region 1.
F.J.B. Reifschneider 

60. 	 Consorzio "Mario Neri", ERSO, 
Imola, Italy "Selection of Potato 
Clones with High Starch Content." 
Special Project. F.Concilio/F.Cioni 

61. 	 Centro Nacional de Pesquisas de 

Hortaliqas (CNPH/EMBRAPA), 
Brazil. "Selection of TPS Progenies 
Adapted to Northeast and West 
Central Brazil." Region 1.J.A. Buso 

62. 	 North Carolina State University, 
USA. "Breeding Early-Yielding, 
and Disease-Resistant Sweet 
Potatoes with Enhanced Food 
Quality and Nutritional Value." 
Breeding & Genetics. W.W. Collins 

63. 	 Aegean Regional Agricultural Re
search Institute (ARARI), Turkey. 
"Potato Germplasm Evaluation and 
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Multiplication." Region !V. 
N. Kuzrnan 

64. 	 Centro de Investigaciones Agrfeo-
las, "A. Boerger" (CIAAB), Uruguay. 
Consultancy on Sweet Potato 
Breeding. Region .E. Vilaro 

Thesis Projects 

65. 	 Inheritance of Earliness in Auto-
tetraploid Potatoes. UNA, Peru. 
Breeding & Genetics. L. Calua 
(H.Mendoza) 

66. 	 Inheritance of Earliness, Yield, and 
Dry-Matter Content in Sweet 
Potatoes. UNA, Peru. Breeding & 
Genetics. L. Dfaz (H.Mendoza) 

67. 	 Inheritance of Quality Factors in 
Autotetraploid Potatoes. UNA, 
Peru. Breeding & Genetics. E. Her
ndndez (H.idendoza) 

68. 	 Comparison of Methods for Selec-
tion of General Combining Ability 
for Yield. UNA, Peru. Breeding & 
Genetics. J.L. Marca (H.Mendoza) 

69. 	 Quantitative Variation in Potato 
Breeding. UNA, Peru. Breeding & 
Genetics. J. Tenorio, (A.Golnirzaie) 

70. 	 Components of Genetic Variancefor Various Traits in Advanced
foruVarious Traits in Adanced
Populations of Autotetraploid 


Potatoes. UNA, Peru. Breeding &
 
Genetics. N. Zuiiga (H.Mendoza) 


Thrust III 
Control of Bacterial and Fungal
Diseases 

DepartmentalProjects 
71. 	 Integrated Control of Bacterial 

Wilt. Pathology. J.Elphinstone 
72. 	 Procedures which Determine Resis-

tances Lo Bacterial Diseases in 
Potato. Pathology. J. Elphinstone 

73. 	 Soilborne Diseases. Pathology. 
H.Torres 

74. 	 Breeding for Early-Blight Resistance. 
Breeding &Genetics. H.Mendoza 

75. 	 InternationalTestingofLate Blight-
Resistant Clones. Breeding & 

Genetics. J.Landeo 

76. 	 Breeding for Late-Blight Resis
tance with Populations A and B. 
Breeding & Genetics. J.Landeo 

77. 	 Breeding for Resistance to Bac
terial Wilt. Genetic Resources. 
P.Schmiediche 

78. 	 Ecology and Taxonomy of Pseudo
mnonassolanacearum.Pathology. H. 
EI-Nashaar 

CollaborativeProjects 

79. 	 Integrated Control of Bacterial 
Wilt. Special Project. A. Autrique 
(ISABU-Bunwidi)/J. Rueda 

80. 	 Management of Late Blight Through 
Resistant Germplasm. Region V11. 
E. Badol (NPRCRTC, The Philip
pines)/E.Chujoy 

81. 	 Managing Bacterial Wilt ThroughResistant Germplasm and Appro-
Riaterm sms. Apropriate Farming Systems. Region VIl. 

N.Balanay (Ministry of Agriculture,Thze Phzilippines)/p. Vander Zaag 

82. 	 Control of Bacterial Wilt on Potatoes. 
Region VIII. H. Liyuan (CAAS,
China)IS.Bofu 

83. 	 Erwini, Disease in Different Phases 
of the Tunisian Potato Seed Pro
gram. Region IV.M,Makjoub (ESH, 
Tunisia)/R. Cortbaoui 

ContractProjects 

84. 	 Centro Nacional de Pesquisas de 
Hortaliqas (CNPH/EMBRAPA), 
Brazil."Potato Germplasm Evalua
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tion 	for Resistance to Bacterial 
Wilt." Region I. C. A. Lopez 

85. 	Instituto Colombiano Agrope-


cuario, (ICA), Rionegro, Colombia. 
"Evaluation of Genetic Resistance 
to Pseudomonassolanacearumand 
Phytophthora infestans." Pathology. 
P.L. Gomnez 

Instituto Nacional de Investiga-86. 86. nstiutoNacinale lvestga-

ciones Agropecuarias (INIAP), 
Ecuador."Study and Control of the 
Potato Diseases, Rosellinia Black 
Rot (Lanosa) and Common Rust 
(Roya) in Ecuador." Region 1. 
H.'Orellana 

87. 	 University of Wisconsin, U.S.A. 
"Fundamental Research to Develop 
Control Measures for Bacterial 
Pathogens of the Potato." Pathol-
ogy. A. Kelinan, L. Sequeira 

88. 	Universidad Nacional de Huinuco, 
Pent. "Development of Potato 
Varieties with Resistance to Diseases 
and Adaptation to Ecological Zones 
of the Department of Hudinuco." 
Pathology. E. Torres Vera 

89. 	National Agricultural Laboratories, 
Nairobi, Kenya. "The Reaction of 
Selected Potato Clones to Two Races 
of Pseudomonas solanacearun in 
Kenya." Region Ill A. 0. Afichieka 

90. Cornell University, Ithaca, U.S.A. 
"Population Genetics of Phytoph-
thora infestansin its Natural Ecosys-
tem at Toluca." Pathology. W.E.Fry 

91. 	 Centro de Investigaciones Agrfcolas 
"A. Boerger" (CIAAB), Uruguay. 
"Selection of Clones with Resis-
tance toA. solani and Precocity in 
Materials with Antecedents to Virus 
Resistance." Region 1. F.Vilarol 
C. Crisci 

92. 	 Consultative Contract, Universidad 
Agraria, La Molina, Peru. "Early 
Blight of Potatoes: Specialization of 

Altemaria spp." Pathology.T.Ames
 
de Icochea
 

93. Gilat Regional Experimental Sta
tion, Israel. "Verticillium Wilt and 
Early-Blight Tolerance of Potato in 
Hot Climates." Pathology. A. Nachmias 

94. Instituto Nacional de Investiga
ciones Forestales y Agropecuarias 
(INIFAP), Meico. "Selection of 
Potato Genetic Material Resistant 
to Late Blight." Region 1!. M.Villa
rreal 

77esis Projects 
95. Serological Detection of Erwinia 

carotovora. UNA, Pen. Pathology. 
C.Corredor, (J.Elphinstone) 

96. Selection of in-Laboratory, Green
house, and Field Clones Resistant to 
Spongosporasubterraneaand Path
ogenicity to Different Isolates. 
UNA, Peru. Pathology. W.Galin
dez, (E.French) 

97. Biological Control of Rhizoctonia 
solaniwithAntagonistic Organisms. 
UNA, Pen. Pathology. P. Gutierrez, 
(H. Torres) 

98. 	Sources of Resistance to Early 

Blight in CIP's Germplasm Collec
tion. UNA, Pen. Pathology. A. Palo
mino, (V. Otazu) 

99. Identification of Native and Intro
duced Hosts of Pseudononassola
nacearunm in Peru. UNA, Peru. 
Pathology. B. Paz, (E. French) 

100. Incidenceof Wilt andFungousRotsof 
Potato in Central Highlands of Peru. 
UNA, Pen. Pathology. W. Perez, 
(L. de Lindo) 

A-24 



101. 	Inventory of Pests and Diseases Af-
fecting Sweet Potato Production. 
UNA, Peru. Pathology. 0. Quincho, 
(J.Elphinstone) 

102. 	Interaction between Erwinia caroto-
vora var. caratovora and Fusarium 
spp. Affecting Potatoes in Peru. 
UNA, Peru. Pathology. H. Silva,
(E. French) 

103. Biological Control of Bacterial Wilt.UPLBPhiippnesTh egin~U PLB , The Ph ilippines R egion V II.YHongi(P VanerZcg Zag)Yield, 
Hongqi Zeng (P. Vander Zaag) 

11). 	 Genetics of Bacterial Wilt Resis-
tance. UPLB, The Philippines. 
Region VII. Pham Xuan Tung 
(E. Chujoy) 

Thrust IV 


Control of Virus and Virus-Like 
Diseases 


DeparmnentalProjects 

105. 	Antiserum Production and Im-

provement of Serological Techni-

ques for Virus Detection. Pathology. 

L. Salazar 

106. 	Identification and Characterization 
of Sweet Potato Viruses. Pathology. 
L. Salazar 

107. 	Mechanism of Resistance and 
Variability of Potato Leaf Roll Virus 
(PLRV). Pathology. U.Jayasinghe 

108. Studies on Potato Viruses X and Y. 
Pathology. E. N. Fernandez-North-
cote 

109. 	In Vitro Eradication of Sweet Potato 
Viruses and Viroids. Physioiogy. 
J.Dodds 

110. Genetic Studies and Breeding of 
Viruses and Viroid Resistance. 

Breeding & Genetics. H. Mendoza 


111. 	Molecular Analysis of Genetic 
Resistance to Viruses. Pathology. 
M. Querci 

112. 	Development of Molecular Probes 

for the Identification of Pathogens. 
Pathology. M.Querci 

113. Epidemiology of Potato Viruses in 
Peru. Special Project.L Bertschi;ger 

Collaborative
Projects 

114. 	Effect of Potato Virus Son Growth,
i l , a d L t B ig . S Specialp land Lare Blight. c 

Project. M. Goethals (ISABU, 

Burundi)/J.Rueda 
115. Epidemiology of PVY and PLRV in 

Potato Seed Fields in Tunisia. 
Region IV. C. Cherif (INRAT, 

Tunisia)IR. Cortbaoui 

116. 	Development and Utilization of 
Virus Detection Techniques. 
Region VIII. Z. Heling (University 
of lIrner Mongolia, China)/S.Bofu 

117. 	Studies on Yellow Vein Virus. 
Region 1. A. Saldarriaga (UNM, 
Colornbia)/O.Hidalgo 

ContractProjects 

118. 	Istituto Agronomico per l'Oltre
mare (I.A.O.), Italy. "Production of 
Antisera Against Major Potato 

Viruses." Special Project. M. Brog
giolM Galanti 

119. Scottish Crops Research Institute, 
Scotland. "Resistance to PotatoLeafroll Virus." Pathology. B. D. 
Harrison 

120. North Carolina State University,
USA. "The Accumulation of Sweet 
Potato Feathery Mottle Virus, ds-
RNA and Selected Viral Proteins in 

Sweet Potatoes. Pathology.J. Moyer 

121. 	Universidad Nacional Agraria, La 
Molina. Peru. Consultative Contract 
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on "Monoclonal Antibodies for 
Potato Viruses." Pathology. J.Cas-
tillo 

122. Universidad Nacional Agraria, La 
Molina, Peru. "Maintenance of 
Monoclonal Antibodies for Potato 
Viruses." Pathology. J.Castillo 

123. 	Centro deInvestigacionesAgricolas 
"A. Boerger" (CIAAB) Uruguay. 
"Evaluation of Genetic Material for 
Resistance to PVX and PLRV 
Under Field Conditions." Region I. 
C.Criscil. Vilaro 

124. 	Instytut Ziemniaka, Institute for 
Potato Research, Poland. "Breed-
ing Potatoes Resistant to the Potato 
Leafroll Virus, PLRV." Pathology. 
K M. Swiezynski 

125. Louisiana State University, USA. 
"Attempts to Elucidate the Etiology 
of Sweet Potato Chlorotic Leaf Dis-
tortion." Pathology. C.A. Clark 

126. 	North Carolina State University, 
U.S.A. "Development of Virus Test-
ing Procedures for Sweet Potatoes." 
Pathology. . Moyer 

Thesis Projects 

127. Studies on the Mechanisms of 
Resistance of Potatoes to Viruses: 
Determining the Factor that Con-
fers E-treme Resistance to Potato 
Virus X in Potato. UNA, Peru. Path-
ology. S. Vega, (M.QuercilLSalazar) 

128. Combination of PVX and PVY Im-
munity with High Resistance to 
Phytophithora infes;ans in Potato 
Clones. UNA, Peni. Pathology.J. L. 
Zapata, (E.N. Ferndndez-Northcot) 

129. 	Efficiency of PLRV Transmission 
by Different Species of Aphids. 
UNA, Peru. Pathology. G. Brignetti, 
(U. Jayasinghe) 

130. 	Identification and Some Charac
teristics of Sweet Potato Feathery 
Mottle Virus Isolates from Peru. 

UNA, Peru. Pathology. C.Cedano, 
(L.Salazar) 

131. Virus Infections in Potato Clones 
with Different Levels of Resistance 
to PVX, PVY, and PLRV under 
Field Cond*iions and Associated 
Aphid Species. UNA, Peru. Pathol
ogy.EdgarGarcria (E.N.Femtnbdez-
Northcote) 

132. 	Studies on Virus and Viroid Se
quences in Chromosomal DNA 
from Potatoes. UNA, Pen. Pathol
ogy. P.Chinoy, (L. Salazar) 

133. 	Identification of Viroids in Sweet 
Potatoes. UNA, Peni. Pathology. 
A. Hurtado,(L. Salazar) 

134. 	 Inheritance of Extreme Resistance 
to PVY in S. tuberosumn. UNA, Pent. 
Pathology. .R.Galvez, (H.Mendoza) 

135. 	Breeding for PVY Immunity. 
UPLB, The Philippines.Region VII/ 
UNDP Vu Dinz Hoa (E. Chujoy) 

Thrust V 
Integrated Pest Management 
DepatntalProjects 

136. Screening for and Utilization of 
Resistance to Root-Knot Nematode 
Species. Nematology & Entomology. 
P.Jatala 

137. 	Components of Integrated Root-
Knot Management and Inter
relationships of this Nematode with 
Other Organisms. Nematology & 
Entomology. P.Jatala 

138. 	Screcning for and Utilization of Re
sistance to Potato Cyst Nematode. 
Nematology & Entomology. 
AL Scurrah//J.Franco 
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139. Components of Integrated Potato 
Cyst Nematode Management. 
Nematology&Entomology.j. Frwaco 

140. Management of Potato and Sweet 
Potato Insect Pests of Global Im-
portance. Nematology & Entomol-
ogy. K V. Rarnan/M.Scurrah 

141. 	Management of Potato and Sweet 
Potato Insect Pests of Importance in 
Specific Regions. Nematology & 
Eatomology. K V. Raman 

142. 	Management of Potato Insect Pests 
of Importance in The South Ame-
rican Andean Region. Nematology 
&Entomology. L. Valencia 

143. 	Resistance to Potato Tuber Moth. 
Nematology &Entomology. L Valencia 

144. 	Integrated Control of Potato Tuber 
Moth and Other Insect Pests of 
Potato and SAw.et Potato. Nematol-
ogy & Entomology. K. V. Raman. 

Collaborative Projects 

145. 	Ecology and Control of the Andean 
Weevil. Region .H. Calvache(ICA, 
Colonibia)/L. Valencia 

146. Biological Control of Potato Tuber 
Moth. Region i. R. Lopez (ICA, 
Colotnbia)/L.Valencia 

147. 	Integrated Control of Potato Tuber 
Moth 	 in Venezuela. Region 1. 
. Rincon (FONAIAP, Venezuela)! 

L. Valencia 

148. 	Integrated Control of Andean 
Weevil in Venezuela. F. Torres 
Region I. (FONAIAP, Venezuela)! 
L. Valencia 

149. Integrated Control of Potato Tuber 
Moth and Aphids in Eastern and 
Southern African Countries. Spe-
cial Project. National Entomol-
ogists/B. Parker 

150. Integrated Control of Root-Knot 
Nematode. Special Project. 
M. 	Goethals (ISABU, Burundi)! 
J.Rueda 

151. 	Integrated Management of Tuber 
Moth in Burundi. Special Project. 
Z. Nzoyihera (! SA B U, Bunindi)/ 
C. Turner 

152. Integrated Management of Potato 
Tuber Moth and , phids in 
Ethiopia. Special Project. B. Tuku 
(IAR, Ethiopia)/P.Callejas 

153. 	Integrated Control of Potato Tuber 
Moth in Egypt. Region IV. S. Doss 
(Ministry of Agriculture)/R. El-
Bedewy 

154. Integrated Management of Sweet 
Potato Weevil (Cylas fonnicanius) 
Region VII. D. Anialin (VISCA, 
The Philippines)/P. VanderZaag 

155. 	Evaluation of Trap Types with 
Sexual Pheromones of Cylas spp. 
Region 1!. National Scientists of 
Cuba, Venezuela/O. Afalamud 

156. Evaluation of Sweet Potato Germ
plasm for Resistance to Sweet
 
Potato Weevil in Central America 
and the Caribbean. Region 11. Na
tional Scientists of the Region/ 

0. Malanmud 
157. Agronomic Practices to Control 

Sweet Potato Weevil. Region If. Na
tional Scientists of the Dominican 

Republic and Haitil0. Malaniud 
158. 	Biological Control of Sweet Potato 

Weevil in Central America and the 
Caribbean. Region II. National 

Scientists of the Region/O. Malamnud 

ContractProjects 
159. University of the Philippines, Los 

Bafios (UPLB), The Philippines. 
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"Integrated Control of Weeds and 
Nematodes by the Use of Biological 
Control Agents and Solarization." 
Nematology &Entomology. R.Davide 

160. North Carolina State University, 
USA. "Evaluation of Potato Lines 
for Resistance to the Major Species 
and Races of Root-Knot Nema-
todes (Meloidogyne spp.)." Nema-
tology &Entomology. J. N. Sasser 

161. 	Ihstituto Nacional de Investiga-
ciones Agropecuarias (INIAP), 
Ecuador. "Evaluation of Clones 
Resistant to the Root-knot Nema-
tode (Globoderaspp.) in Ecuador." 
Region 1.R. Eguiguten andi. Revelo 

162. 	Universidad Nacional Agraria, La 
M olina, Pent. Con sultancy on 
"Pratylenchusspp. as an Important
Nematode Pest of Potatoes." 

Nematology&Entomology.M. canto 

163. 	Universidad Nacional Agraria, La 
Molina, Pent. Consultancy on 
"Biological and Selective Chemical 
Control of Potato and Sweet Potato 171. 	 Determination of Some Coipo-Insect Pests." Nematology & Ento-17.DtriaonfSmeC p-

I Pes."NnientolyCleatesn 
niology. J.Sarnientoand Colleagues 

164. The Southeast Asian Regional Cen-
ter for Graduate Study and Re-
search in Agriculture (SEARCA),The Philippines. "Management of 
Thrips and Mites Attacking Potato 

itheLolandits Attaing PotaoEnivora Povolny and Studies on Moni
in the Lowlands." Region VII. E. N. 
Bernardo. 

Thesis Projects 

165. Extraction and Inoculation Me-
thods of Nacobbus aberransand its 
interaction with Globodera pallida. 
UNA, Peru. Nematology &Entomo
logy. J. Arcos, (P.JatalalM!. Canto) 

166. 	Development of IPM Approach to 
Control the Potato Tuber Moth, 

Phthorimaeaoperculella (Zeller) (Le
pidoptera: Gelechiidae) in Storage. 
Nematology & Entomology. G. P 
Das.(K V. RainanI E. Magallona) 

167. 	Effect of Glandular Trichomes on 
Leafminer Fly (Liriomyza huido
brensis) Damage in Potatoes. UNA, 
Pent. Nematology & Entomology. 
G. Hospina,(K V. Raman) 

168. Detcction and Evaluation of 

Granulosis Virus (GV) for Potato 
Tuber Moth (PTM) Phithoriniaea 
operculella Control. UNA, Peru. 
Nematolog" & Entomology. H.Leal, 
(K V. Raman) 

169. Variability of Nacobbus aberrans. 

UNA, Pent. Nematology & En
tomology. R. Montecinos, (P.Jatalal 
Al. Canto) 

170. 	Reaction of Potato Clones to Praty
lenchus spp. from Uinari Huanuco. 

UNA, Pent. Nemato!,g,,v & En
tomology. Z.Nicolas, (P.Jatalal 
M. Canto) 

nents for ai Integrated Control of 
Pratylenchusflakkensis.UNA, Pen. 
Nematology & Entomology. J.Sal
divar,(M. Canto) 

17217. 	 Life Cycle of the Central American 
Potato Moth, Scrobipalpopsissola

toring Field Populations. Nenm
tology & Entomology. F. Torres, 

(L. Valencia) 

Thrust VI 
Warm-Climate Potato and Sweet 
Potato Production 

DepartmentalProjects 

173. 	 Improving Efficiency of Fertilizer, 
Water, and Light Use in Non-Tradi
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tional Warm Potato-Growing 
Areas. Physiology. D. Midmore 

174. Agronomic Management for Con-
trol of Bacterial Wilt. Physiology. 
D. Midmore 

175. Adaptation and Utilization of Potato 
Populations for the Hot Tropics. 
Breeding &Genetics. H.Mendoza 

176. 	Evaluation of the Physiological 
Response of Potatoes and Sweet 
Potatoes to High Temperature and 
Water Use Using In Vitro Techni-
ques. Physiology. L Ekanayake 

177. Evaluation of Genotypic Rcsponses 
to Water Stress and Improvements 
in Water Use Efficiency by Potatoes 
and Sweet Potatoes for Warm 
Climates. Physiology. L.Ekanayake 

178. In Vitro Screening of Sweet Potatoesto Saline and Osmotic Stress Condi-
toiin. aPhsotic E Stres Cnaye

tions. Pysolgy. LEkanayake 

179. 	In Vitro Tuberizatior. Response of 
Potatoes at High Temperatures.Physiology.!. Ekanayake 

180. Soil Fertility and Mineral Nutrition 
of Potato in Adverse Climate and 
Soil Conditions. Physiology. S. Villa-
garcia 

181. 	Potato Production in the Cropping 
Systems of the Warm Climate Zone 
of Asia. Physiology. M. Potts. 

CollaborativeProjects 

182. 	Potato Production from True 
Potato Seed in Paraguay. Region I. 
T. Mayeregger ( I A M, Paraguay).
A. Strohmengher3.provment 
 e 	 tP192. 

183. Improvement of Sweet Potatoi n 
Egypt. Region IV.S. Doss(Ministryof 
Agriculture, Egpt)/R. EI-Bedewy 

184. Potato Production from True 
Potato Seed. Region IV. N. Farag 

(Ministry of Agriculture, Egypt)/ 
R. El-Bedewy 

185. 	Potato Production from True Seed 
in Cameroon and Other Countries of 
the Region. Region V. S. Nzietchueng 
(Ministry of Dachang, Cameroon)/ 
C. Martin 

186. True Potato Seed Hybrid Families 
inDifferent Agroecological Zones 
of India. Region VI. (National Scien
tists of CPRI, India)IM. U"adhya 

187. True Potato Seed on Farm Trials in 
India. Region VI. (National Scien
tists of CPRI, .ndia)/M. Upadhya 

188.Use of Plant Growth Substances in 
Improving Quality and Quantity of 
Potato Yield. Region VI. (National 
Scientists of CPRI, India)/M.Upadiya 

189. 	Tuber Seed Production and Storage 
for 'Warm Climates in Asia. RegionVII. 	 (National Scientists, LEHRI, 

Indonesia)IM. Potts 

190. 	Agronomic and Physiological
Studies on Sweet Potato in Warm 
Climates: The Philippines and Viet
nam. Region VII. H. Taja (Institute 
of Biology, 7he Philippines)/N.Van 
Uyan (HCMC, Kietnarn)/P.Vander 

Zaag 
191. 	Intercropping Studies on Potato 

with Maize. and other Annual 

Crops. Region VIII. L. Jiernin (S. 
China Potato Research Center)/ 
S Bofu 

Con tractProjects 

Universidad Nacional Agraria, LaMclina, Peru. "Soil Management, 
Fertilizers and Mineral Nutrition of 
the 	Potato Under Adverse Condi

tions of Soil and Climate." Physiol
ogy. S. Villagarcia 
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193. Scottish Crops Research Institute, 
Scotlatd. "Drought Tolerance in 
Potatoes." Physiology. P. Waister 

194. Maritius Sugar Industry Research 

Institute (MSIRI), Nairobi, Kenya. 

"Development of Potato Varieties 

for Lowland Tropical Conditions." 

Region III. K Wong yen Cheong 


195. Instituto Nacional de Tecnologfa 
Agropecuaria, (INTA), Argentina. 
Consultancy on Sweet Potato 
Production and Utilization. Region I. 
A. Boy 

Thzesis Projects 


196. 	Effect of Nitrogen Fertilizer and In-

oculation with Azospirillwn on Yield 

and Nitrogen Content of Two Sweet 
Potato Varieties. Physiology. (UNA, 
Pen.)MJulca, (P. Malagamba) 

197. Management of Sweet Potato Plant-

ing Material. UNA, Peru. Physiol-

ogy. F. Wivnan, (P. Malagamba) 


198. 	Irrigation Requirements for Sweet 
Potato. Physiology. E. Rios, (D. Mid-
more) 

Thrust VII 
Cool-Climate Potato and Sweet 
Potato Production 

Departmental Projects 

199. Breeding for Resistance to Frost, 
Early Maturity, Wide Adaptability 
and other Major Constraints of the 
Highlands. Breeding & Genetics. 
J.Landeo 

200. 	Improving Efficiency of Fertilizer, 
Water, and Light Use in Traditional 
Potato Growing Areas. Physiology. 
D. Midrnore 

201. 	Evaluation and Selection of Sweet 
Potatoes in Cool Environments. (In 

revision). Genetic Resources. F. de 
la Puente 

202. Breeding for Highland Adaptation 

Including Cyst Nematode, Late 
Blight, and Frost, FVX, and PVY 
Resistance. Breeding & Genetics. 
.Landeo (In revisior).
 

Collaborative Projects
 

203. 	Ecophysiology of Potato Produc
tion in the Southern Regionof Chile. 
J.S.Rojas (INIA, Chile). Region I. 
D. Midinore/P. Malagamba 

204. 	The Production of Sweet Potato 
Basic Planting Materials in Burundi. 
Special Project.A. Sinduidje(ISABU, 
Bunndi)/J. Rueda 

205. 	On-Farm Trials to Introduce Cul
tivars to Improve Potato Production 
in Burundi. Special Project. 

Z. Nzoyihera (ISA BU, Burundi)/ 
C. Turner 

206. Yield Improvements through Agro

nomic Practices. Special Project. 
Z. Nzoyihera (IS A B U, Bunidi)/ 
C. Turner 

207. 	Potato Production from True Seed: 
Progenies and Agronomy. Special 
Project. B. Tuku (IRA, Ethiopia)/ 
P. Callejas

208. 	Development of Cultural Practices 

for Potato Production from Seed 
Tubers and Seedling Tubers. 
Region IV.A. Sharara (Ministry of 
Agriculture, Egypt)/R. EI-Belewy 

209. Potato Production from True 

Potato Seed. Region W. N. Furag 
(Ministry of Agriculture, Egypt)/ 
1. EI-Bedewy 

210. 	Potato Production from True Seed 
in Morocco. Region IV.A. Hilali 
(I.A.V., Morocco)/R. Corfbaoui 
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211. 	Potato Production from True 
Potato Seed in Tunisia. Region IV 
M. Pahen ( C D R A , Tunisia)/
R. Cortbaoui 

212. Agronomy of Potato Production inCameo~nOher ounties221. Improvement of Potato StoragendCameroon and Other Countries Tcnqe 
with Similar Agroecological Condi-
tions. Region V. P. Foncho (IRA,Cameroon )/C. Martin 

Contract Projects 

213. 	Instituto de Investigaciones Agro-
pecuarias (INIA), Chile. "Selection 
of Potato Genetc Materials Adapted 
to Sub-optimal Temperatures." 
Region I. J.Rojas 

T7hesis Projects 


214. 	Determination ofType of Gene Ac-
tion in the Control of Frost Resis-
tance. UNA, Peru. Breeding & 
Genetic. V Huanco, (. Landeo) 

215. Techniques for Selecting Potato 
Genotypes for their Efficient Use of 
Nutrients and Evaluating Leaf Lon-
gevity with Respect to Efficient Use 
of Nitrogen. UNA, Peru. Physiol-
ogy. S. Sarapura, (D. Midinore) 

Thrust VIII 
Postharvest Technology 
Departmental Projectscnero)CMti 

216. Low-cost Storage of Consumer 
Potatoes. Physiology. S. Wierscina 

217. Simple Processing for Low-income 
Groups. Physiology. S. Wierserna 

218. Physiological Aspects of Seed and 
Ware Potato Storage. Physiology. 
S. Wiersema 

219. Integrated Control of Postharvest 
Losses During Tropical Potato 
Storage. Pathology. J.Elphinslone 

220. Breeding Potatoes for Processing in 
Tropical Countries. 1Breeding & 
Genetics. H.Mendoza 

Collaborative Projects 

nBrni pca 
Techniques in Burundi. Special 
Burundi)C. TurnerBrni/.Tre


222. Research and Transfer of Posthar
vest Technologies to African 

Countries. Region III. (National 
Scientists of African Countries)/G. 
Hunt 

223. Sweet Potato Storage (Post-
Maturity Technology). Region Ill. 
A. Abubaker (Min.of Agriculture,
Kenya)/G. Hunt 

224. 	Low-cost Potato Processing. Region 
III. J.Kabira (Min.of Agriculture, 
Kenya)/G. Hunt 

225. Assessment of Promising Potato 

Clones Under Seed Storage Condi
tions. Region Ill. J.Kabira (Min.of 
Agriculture, Kenya)/G. Hunt 

226. Storage of Ware and Seed Potatoes. 
Region IV.S. Doss(Min.ofAgricul
ture, EIVpt)R. El-Bedes y 

227. Studies on Potato and Sweet Potato 
Storage. Region V.J. Lekunze (IRA,
Camneroon)/C Martin
 

228. Rustic Stores for War and Seed 
Potato and Sweet Potato. Region VI. 
R. Nave (SOTEC, India)/S5. Me/ra 

229. Table and Seed Potato Sorage for 
Lowlands of Southeast Asia. Region 
VII. (National Scientists ofSoutheast 
Asian Countries)/P. VanderZaag 

ContractProjects 

230. The Philippine Root Crop Research 
and Training Center (PRCRTC), 
The Philippines. "Development of 
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Simple Processing Technologies for 
Sweet Potato/Potato-based Pro-
ducts for Low-income Groups as 
Target Consumers." Region VII. 
T. Van Den 

231. 	Society for Development of Ap-
propriate Technology (SOTEC), 
India. "Village-Level Processing of 
Potato and Sweet Potato." Region VI. 
R. Nave 

Thesis Projects 

239. 	Soil Fertility and Mineral Nutrition 
on Flowering and Fruit Production 
ofPotato Clcnes. Physiology.S. Villa
garcia 

240. Potato Seed Programs in Develop

ing Countries. Social Science. 
C. Crissman 

CollaborativeProjects 

241. 	Production of Basic Potato Seed in 

Colombia. Region 1.P. Corzo (ICA,Colotnbia)/O.Hidalgo 
232. 	Pre- and Postharvest Factors In-Cnsuzr
fluncig otao Tber242.Production of Seed Tubers from 

luencing Consumter Potato Tuber 
Storability in the Tropics. UNA, 
Peru. Physiology. A. Tupac, (S. Wier-
sema/'J.Elphinstone/E.French) 

233. 	Production and Utilization ofSolar-
Dried Potatoes in Kenya. Region 
Ill. University of Nairobi, Kenya. J. 
Kabira (G. Hunt) 

Thrust IXSeed TechnologyChe)JBra 

DepartmentalProjects 

234. Agronomic Technology for Grow-
ing Potatoes from TPS. Physiology. 
P. Malagantba 

235. 	Physiological Studies on the 

Production from True Potato Seed 
(TPS). Physiology. N. Pallais 

236.Pollen Selection. Physiology. 

N. Pallais 
237.Investigation of Environmental 

Conditions During the Develop-
ment of Sexual Reproductive Or-

gans of lpomoeabatatasand Other 

IpotnoeaSpecies.Physiology.H. Beau-
fort-Murphy 

238. Study on the Feasibility of TPS 

Production in Warm Tropics. 
Physiology. C. Alnerkinders 

True Potato Seed. Region . E. Or

tega 	( F N A I A P, Venezuela)/ 
O.Hidalgo 

243. 	Production of Basic Seed in 
Venezuela. Region 1.E. Ortega 
(FONAIAP, Venezuela)/O. Hidalgo 

244. Adaptive Resea ch on TPS Produc

tion. Region I.. . S. Rojas (INIA, 
Chile)/J.Bryan
 

245. Basic Seed Production in Peru. Spe
cial Project. A. Hidalgo (INIAA, 
Peru)/R. Wissar. 

246. Client-oriented Seed Program. Spe
cial Project. A. Hidalgo (INIA, 
Peru)/E.Franco 

247. In Vitro and Rapid Multiplication 
for Basic Potato Seed Production. 
Region I. J. Rojas (INIA, Chile)/ 

248. 	Seed Potato Production in Paraguay. 

Region 1.M. Mayerreger (Ministry of
 

Agriculture, Paraguay)/A. Stroh
menger 

249. Basic Seed Production in Kenya. 
Region III!.L Nyoroge (KARl, Kenya) 
/C.Carli 

250. Agronomic Techniques for Potato 
Seed Production. Region I!. Na
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tional Scientists of African 
Countries/C. Carli 

251. Evaluation of Rapid Multiplication 
Techniques for Potato Basic Seed. 
Region 11. National Scientists of 
African Countries/C. Carli 

252. Multip!'i'ation Methods for Sweet 
Potato rropagation. Region 111. Na-
tional Scientists of Kenya/C. Carli 

253. Potato Basic Seed Production in 
Burundi. Special Project. A. Sin-
duhija (ISABU, Burundi)/J.Rueda 

254. On-farm Potato Seed Production.Special Project.Z. Nzovihiera(ISABU, 

Burundi)/C.Turner 

255. Production of Hybrid True Potato 
Seed. Region VI. National Scientists 
(CPRI, India)/K Takur 

256. Screening of True Potato SeedFamilies as Transplants, and Seed-

ling "Iubersas Seedling Materials. 
Region VI. National Scientists 
(CPRI, India)/M.Upadhya 

257. Physiological Studies on True 
Potato Seed. Region V. National 
Scientists (CPRI, India)/M. Upadhiya 

258. Technology of Using Cuttings for 
Seed and Table Potato Production 
in Southeast Asian Countries. 
Region VII. National Scientists of 
Southeast Asian Countries/ 
P. VanderZaag 

259. Hybrid True Potato Seed Produc-
tion in Vietnam. Region Vii. 
V. Hoang (Min. of Agriculture, 
Vietnam)/ P.VanderZaag 

260. Seed Production Systems Using 
True Potato Seed in The Philippines 
and Vietnam. Region VI. National 
Scientists of Vietnam/P. Vander 
Zaag 

261. 	Development of a Propagation Sys
tem for Potato and Sweet Potato in 
Cameroon and Other Countries in 
the Region. Region V. J. Lekunze 
(IRA, Cameroon), Country Scien
tists/C. Martin 

ContractProjects 
262. Victoria Department of Agricul

ture, Australia. "Production of 

Pathogen-tested Potato Germplasm 
for Southeast Asian and Pacific 
Countries." Region VII. P.T Jenkins 

263. 	Istituto di Agronomia, UniversitA diNapoli, Italy. "Selection, of TPS 

Parental Lines in the High Seed 
Production." Special Project. 
L. Monti, L. Politano 

264. 	Instituto de Investigaciones Agro
pecuarias, (INIA), Osorno, Chile."True Potato Seed Production inChile." Region I. I. Santos Rojas, 
A. Cubi 	 sos 

265. 	Universidad Nacional Agraria, La 
Molina, Peru. "Training and Con
sultancy Research in Effects of Soil 
Management and Fertilization on 
Flowering, Fruit Setting, and Seed 

Quality of the Potato." Physiology. 
S. Villagarcia 

266. Embryo Culture and Sweet Potato. 
UNA, Peru. Physiology. R. Salinas, 
(. Dodds) 

267. An Investigation of the Flowering 
Responses of Ipornoeapurpurea in 
Lima, from Accessions Collected in 
Peru, Ecuador, Venezuela, Colom
bia, and Bolivia. UNA, Pen. Physiol
ogy.A. Reyes, (H.Beaufort-Murphy) 

268. 	Promotion of Flower and TPS 
Production Via Growth Regulations. 
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UNA, Peru. Physiology. R. Garcda, 

(P.Malagamba) 

269. Cutting Production and Utilization 
Under Warm Conditions. UPLB, 
The Philippines. Region VII/UNDP. 
He Wei (P. Vander Zaag) 

Thrust X 
Systems 

Departmental Projects 

270. Impact Assessment. Social Science. 
D. Horton 

271. 	Root Crop Statistics. Formerly 
"Patterns and Trends in Root Crop 
Production and Use". Social Science. 
D. Horton 

272. Constraints to Potato and Sweet 
Potato Production and Use. Social 
Science. D. Horton 

273. User's Perspective on Generationof 
Appropriate Sweet Potato and 
Potato Techniques. Social Science. 
R. Rhioades 

274. Marketing and Demand for Potatoes 
in Developing Countries. Social 
Science. G. Scott 

275. Survey of National Seed Programs. 
Social Science. J.Bryan/C. Cdissnan 

276. Cooperative Program of Potato 
Marketing Research in the Andean 
Region (PRACIPA-Comerciali-
zacion). Special Project. G. Scott 

277. Assessing the Feasibility of Potato 
Agriculture in Mid-Elevations. So-
cial Science. G. Watson 

278. The Sweet Potato in Food Systems. 

Social Science. G. Watson 

279. Potato Production in Warm Climates 
ofIndonesia.SoaiSdence.G. Watson 

Collaborative Projects 
280. Farmer's Cultural Practices and

Farmer and Consumer Selection of 
Sweet Potato Varieties. Region VIL 

G. Watson/M. Potts
281. 	Farmer Participation in Research to 

Develop Low-cost Technology. 
Special Project. V. Lama (INIA, 
Peru)/E. FrancoIG. Prain 

282. 	Collection and Analysis of Data on 
Potato and Sweet Potato Produc
tion in Indonesia. Region VII. 
A. Supriadi (LEHRI, Indonesia)! 
G. Watson 

283. The On-farm Production of Seed 
and Ware Potatoes from TPS. 
Region VIL M. Potts/G. Watson 

Contract Projects 
284. 	England. Sweet Potato: An Un

,apped Food Resource. Secial 
Science. J.A. Woolfe 

285. International Food Policy Research 
Institute (IFPRI), U.S.A. "White 
Potato/Sweet Potato Development 
in China." Social Science. B. Stone 

286. 	H. P. University, India. "Demand 
Study for Processed Potatoes." So
cial Science. B. K Sikka 

287. Peru. "Demand for Sweet Potato." 
Social Science. M. Collins 
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Staff
 

SENIOR MANAGEMENT 
Richard L. Sawyer, Ph.D., 

Director General 
Jos6 Valle-Riestra, Ph.D., 

Deputy Director General 
William A. Hamann, B. S., 

Assistant to the Director General 

Pcter Gregory, Ph.D., 
Director of Research 

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

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

Adrin Fajardo, M. S., 
Executive Officer 

Leonardo Hussey, Controller 

RESEARCH THRUSTS 

(Managers and Associate Managers) 

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

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

III. 	 Control of Bacterial and Fungal 
Diseases 
(E. French) 

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

V. 	 Integrated Pest rv1"anagement 
(F. Cisneros - P. Jatala) 

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

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

VIII. Postharvest Technology 
(S.Wiersema) 

IX. 	 Seed Technology 
(P. Malagamba - A. Golmirzaie) 

X. 	 Food Systems 
(D. Horton - R. Rhoadcs) 

RESEARCH DEPARTMENTS 

Breeding and Genetics 

Humberto Mendoza, Ph.D., Geneticist,Head of Department. (sabbatical 

leave from Sept. 3, 1989) 
Andrea Brandolini, Dot. Agr., Visiting 

Associate Scientistt 

Edward Carey, Ph.D., Sweet Potato 
Breeder 

Carlo Carli, Dot. Agr., Sweet Potato 
Breeder (Kenya) 

Enrique Chujoy, Ph.D., Geneticist 
(The Philippines) 

T. R. Dayal, Ph.D., Sweet Potato 
Breeder (India) 

Ali Golmirzaie, Ph.D., Geneticist, 
Acting Head of Department (from 
Sept. 3,1989) 

Haile M. Kidane-Mariam, Ph.D., 
Breeder (Kenya) 

Juan Landeo, Ph.D., Breeder 
11 Gin Mok, Ph.D., Sweet Potato 

Breeder (Nigeria) 
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Maria Scurrah, Ph.D., Breeder 
Genetic Resources 
Peter Schmikdiche, Ph.D., Breeder, 

Head of Department 
Fermin De ]a Puente, Ph.D., Breeder 
Z6simo Huamdn, Ph.D., Geneticist 
Masaru Iwanaga, Ph.D., Cytogeneticist* 
Kazuo Watanabe, Pn.D., Cytogeneticist 

Nematology and Entomology 
Parviz Jatala, Ph.D., Nematologist, 

Head of Department 
Rolf Aalbu, Ph.D., Entomologist 

(Tunisia) 
Javier Franco, Ph.D., Nematologist 

(until Sept. 9, 1989-transferred to 

Physiology 
Patricio Malagamba, Ph.D., 

Physiologist, Head of Department 
(sabbatical leave, part of 1989) 

Cornelia Almekinders, Ir., Scientific 
Associatet 

Helen Beaufort-Murphy, Ph.D., 
Physiologist 

John Dodds, Ph.D., Tissue Culture 
Specialist 

,ndira Ekanayakc, Ph.D., Physiologist 
David Midmore, Ph.D., Physiologist, 

Acting Head of Department 
(part of 1989) 

N6el Pallais, Ph.D., Physiologist 
Frederick Payton, Ph.D., Agronomist 

PROINPA-Bolivia)(Dominican Republic) 
Hirotaka Kokubu, Ph.D., En-


tomologist, (Dominican Republic)
K. V. Raman, Ph.D., Entomologist 

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

Pathology 

Edward R. French, Ph.D., Pathologist, 
Head of Department 

Hossien EI-Nashaar, Ph.D., 
Bacteriologist 

John Elphinstone, Ph.D., Bacteriologist 
Enrique Ferndindez-Northcote, Ph.D., 

Virologist 
Gregory A. Forbes, Ph.D., Mycologist 
Upali Jayasinghe, Ph.D., Virologist 
Masaaki Nakano, B.S., Virologistt 
Maddalena Querci, Dot. Agr., Visiting 

Ass -qJate Scientistt 
Luis Salazar, Ph.D., Virologist 
Linnea G. Skoglund, Ph.D., Mycologist 

(Kenya) 
L. J. Turkensteen, Ph.D., Adjunct 

Scientist (The Netherlands)t 

Mican RPublic)
 
Michael Potts, Ph.D., Agronomist
(Indonesia)
Siert Wiersema, Ph.D., Physiologist

(Thailand) 

Social Science 

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

Charles Crissman, Ph.D., Economist 
(Ecuador)
 

Peter Ewell, Ph.D., Economist (Kenya) 
Keith Fuglie, Ph.D., Economist 

(Tunisia) 
Gordon Prain, Ph.D., Anthropologist 
Robert E. Rhoades, Ph.D., Coor

dinator, UPWARD (The Philippines) 
Gregory J. Scott, Ph.D., Economist 

(sabbatical leave, part of 1989) 
Greta Watson, Ph.D., Visiting As

sociate Scientist (Indonesia, until May 
31, 1989)t
 

Keith Fuglie, Ph.D. Economist 
(Tunisia)t 
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INFORMATION SCIENCE 
DEPARTMENT 

(Previously 'Iaining& Communications) 
Manuel Pifia, Ph.D., Head of Depart-

ment (left June 1989)* 
Carmen Siri,Ph.D., Head of Depart

ment (from July 1989) 

James Bemis, Jr., Ph.D., Senior English 

Writer/Editor 
Christine Graves, M.A., Writer/Editor 
Linda W. Peterson, B. F.A., English, 

Editor* 
Carmen Podesthi, M.A., Librarian/Infor-

mation Officer
 

Hernin Rinc6n, Ph.D., Communica-

tions Unit 

Alfredo Garcfa, M.S., Statistics Unit 
Marciano Morales-Berm6dez, M.S., Su-
pervisor, Communication Unit 

Ti aining Department 

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

Fernando N. Ezeta, Ph.D., Head of 
Department (from June 1989)

Training Of-George Hunt, Agr. Eng., Tranin9Of 
ficer (Kenya) 

Gary Robertson, M.A., Training Coor-
dinator* 

Rainer Zachmann, Ph.D., Training 
Materials Specialist* 

Margarita Villagarcfa, M.S., Training 
Coordinator Assistant 

Research Support 

Fausto H. Cisneros, Ph.D., En-
tomologist, Head of Department 

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

Jos6 Luis Marca, M.S., Field 
Supervisor, Yurimaguas, Peru. 

Francisco Mufioz, Ph.D., Superinten
dent, Quito, Ecuador 

Vfctor Otaz6i, Ph.D., Superintendent,
San Ramon, Peru 

Mario Pozo, Ing. Agr., Field & Green
house Supervisor, Lima, Peru 

REGIONAL RESEARCH 
Headquarter 

James E. Bryan, M. S., Seed Tech
nologist
 

Fernando Ezeta, Ph.D., Network
 
Specialist (tranferred to Training
Department, June 1989) 

Region I- Andean Latin America 
Apartado A6reo 92654 
Bogota 8, D.E., Colombia 
Oscar Hidalgo, Ph.D., Regional Repre
sentative 

Juan Aguilar, Ing. Agr., Seed Produc
tion SE!NPA (Peru)t 

Lukas Bertschinger, Ir., Associate 
Scientist SEINPA (Peru)t* 

Efrafn Franco, M. S., Economist, Team
Leader SEINPA (Peru), from July 
1989hh
 

Urs Scheidegger, Ph.D., (gronomist,
 
Team Leader SEINPA (Peru),left
 
June 1989 "*
 

Anna Strohmenger, Dot. Agr. Visiting 
Associate Scientist (Paraguay)t 

Andrd Devaux, Ir., Agronomist, Team 
Leader PROINPA (Bolivia)t 

Nicole Bezanqon, Ir., Anthropologist, 
PROINPA (Bolivia)t 

Nelson Estrada, Ph.D., Breeder, 
PROINPA (Bolivia)t 

Javier Franco, Ph.D., Nematologist, 
PROINPA (Bolivia)t 

Joanne Parker, Ph.D., Pathologist, 
PROINPA (Bolivia)t 
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Greta Watson, Ph.D., Human 

Ecologist, PROINPA (Bolivia)t 


Ricardo Wissar, M.S., Agronomist 

SEINPA (Peru)t 


Region II - Central America and 

Caribbean 


P.O. Box 711 c/o IICA 
Santo Domingo, Dominican Republic 

Oscar Malamud, Ph.D., Regional 

Representative 


Region III - East and Southern Africa 
P.O. Box 25171
P.iroxi, 25171 
Nairobi, Kenya 
Sylvester Nganga, Ph.D., Regional Rep-

resentative 

Patricio Callejas, M. S., Agronomist 
(Ethiopia)t 

George Hunt, Agronomist, Training Of-
ficer (Kenya) 

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

Marco Soto Ph.D., Coordinator 
PRAPAC (Rwanda), from Sept. 1989t 

Jose Luis Rueda, M. S., Agronomist 
(Burundi)t 

Lyle Sikka, MSC, Seed Specialist 
(Uganda), from June 1989t 

Caroline Turtler, M.S., Agronomist 
(Burundi)t* 

Region IV - North Africa, Near 
and Middle East 

11 Rue des Orangers 
2080 Ariana, Tunis, Tunisia 

Roger Cortbaoui, Ph.D., Regional Rep-
resentative 

Ramzy EI-Bedewy, Ph.D., Scientific As
sociate (Egypt) 

Olivier Roux, Ing., Associate Scientist 
(Tunisia)t 

Region V - West and Central Africa
 
c/o IRA Bambui
 
P. 80 Mankon
 
Bamenda, Cameroon
 

Carlos Martin, Ph.D., Regional
 
Representative
 

Thomas Gass, Eng., Associate Scientistt 

Region VI - South Asia 

International Potato Center 
Indian Agricultural Research Institute 
Campus, New Delhi, 110012, India 
Mahesh Upadhya, Ph.D., Regional 

Representative 
M. Kadian, Ph.D., Agronomist 
M.S. Jaikath, Ph.D., Socio Economist 
K.C. Thakur, Ph.D., Breeder
 
V.. Khatana, Ph.D., Socio Economist
 

Region VII - Southest Asia
 
c/o IRRI
 
P.O. Box 933 
Manila, Philippines 
Peter Vander Zaag, Ph.D., Regional 

Representative 
Ponciano Batugal, Ph.D., Coordinator-

SAPRAD 
Greta Watson, Ph.D., Visiting Scientist 

(Indonesia), until May 1989t 
Region Vill- China 

Chinese Academy of Agricultural
Sciences, Bai Shi Qiao Rd. No. 30 
West Suburb of Beijing 

People's Republic of China 
Song Bo Fu, Ph.D., Regional 

Representative 
ADMINISTRATION 

Office of the Director General 
Rosa Rodriguez, Head of Visitor's 

Office 
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Hayded Zelaya, International 

Personnel Officer 


Mary Ellen Mulholland, Consultant 

Internal Auditor 

Carlos Nifio Neira, C.P.C., Internal 
Auditor 

Office of the Executive Officer 
Cdsar Vittorelli, Agr. Eng., Assistant 

Executive Officer 
Maritza Benavides, Administrative 

Assistant 

Logistics Supervision 
Lucas Reafio, C.P.C., Supervisor 
Jorge Luque, M.B.A., Warehouse Of-

ficer
 
Jos6 Pizarro, Importations Officer 


Arturo Alvarez, Local Purchasing Of-
icer ricerOffice 

Manuel Scollo, B.A., R.R. I.I., General 
Serv. Officer 

Personnel & Labor Relations
SupervisionGcSuperviso

Guillermo Machado, Lie., Supervisor 

Ana D6mett, B.S. Soc. Assist., Social 
Woi'ker 

Germin Rossani, M.D., Medical 
Officer 

Ada Sessarego, Personnel Assistant 

Foreign Affairs Liaison Office 
Marcela Checa, Liaison Officer 

TransportationSupervision
Carlos Bohl, Supervisor 

Tfravel Office 
Ana Maria Secada, Travel and Telex 

Executive Assistant 

Auxiliary Services Supervision
 
Nancy Oshiro, Supervisor
 

Controller's Offce 

Oscar Gil, C.P.A., Assistant Controller 
Treasury Unit 
Sonnia Orellana, Cashier 

Budget Unit 

Guillermo Romero, Chief Accountant 
ACCOUNTING UNIT 

Miguel Saavedra, Chief Accountant 

staff 
of the Controller 

Officeo te onRoller 
Edgardo de los Rios, C.P.A.,

Accountant 
Blanca Joo, C.P.A., Accountant 

Eliana Bardales, C.P.A., Accountant 

SCIENTIFIC ASSOCIATES 
Adolfo Boy, Ph.D., Sweet Potato

Agronomist (Argentina) 

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

R6mulo (ei Carpio, Ing. Agr., 
Taxonomist (Peru) 

Pedro Lc6n G6mez, Ph.D., Breeder 
(Colombia)

Carquos o uerorChiefPiloUlises Moreno, Ph.D., Physiologist 
Jacques Vandernotte, Chief Pilot 
Djordje Velickovich, Pilot 
Percy Zuzunaga, Co-Pilot 

Equipment and Maintenancc 
Supervision 

Gustavo Echecopar, Ing., Supervisor 

(Peru) 
Carlos Ochoa, M.S., Taxonomist (Peru) 
Francisco Vilaro, Ph.D., Sweet Potato 

Breeder (Uruguay)
Sven Villagarcfa, Ph.D., Soil Scientist 

(Peru) 
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SCIENTIFIC AND OTHER 
ASSISTANTS 
(By Department or Region) 
Raul Anguiz, M.S., Breeding & 

Genetics 
Walter Amor6s, M.S., Breeding & 

Genetics 
Miguel Ato, Ing. Ind. Alim., Breeding 
& Genetics 

Luis Calga, M.S. Breeding & G"enetics 
Luis.Diaz, M.S., Breeding & Genetics 

Jorge Espinoza, M.S., Breeding & 
Genetics 

Rosario Glvez, M.S., Breeding & 

Genetics 
Manuel Gastelo, M.S., Breeding & 

Genetics 
Luis Manrique, Ing. Agr., Breeding a 

Genetics 
Elisa Mihovilovich, Bio., Breeding & 

Genetics 
Daniel Reynoso, M.S., Breeding & 
Genetics 

Fdlix Serqu6n, M.S., Breeding & 
Genetics 

Jorge Tenorio, B.S., Breeding & 

Genetics 

Roger Vallejo, M.S., Breeding &Genetics 

C6sar Aguilar, Ing. Agr., Genetic 
Resources 

Jess Amaya, Tech. Dipl., Genetic 
Resources 

Humberto Asmat, Biol., Genetic 
Resources 

Anibal Baltazar, Ing. Agr., Genetic 
Resources 

Walberto Eslava, Ing. Agr., Genetic 
Resources 

Rossana Freyre Sala, B.S., Genetic 
Resources 

Maria del Rosario Herrera, Biol., 
Genetic Resources 

Matilde de Jara Vidal6n, Biol., Genetic 
Resources 

Christa Merzdof, M.S., Biol., Genetic 
Resources 

Gisella Orjeda, B.S., Genetic Resources 
Armando Quispe, Ing. Agr., Genetic 

Resources 
Alberto Salas, Ing. Agr., Genetic 

Resources 

Victor Zambrano, Biol., Genetic 
Resources 

Jes6s Alcazar, M.S., Nematology & En

tomology
Ver6nica Cafiedo, Biol., Nematology &Etmlg 

Entomology 

Oder Fabiin, Ing. Agr., Nematology & 
Entomology 

Arelis Carmen Garz6n, Biol., 
Nematology & Entomology 

Lily Gavilano, Biol., Nematology & 
Entomology

Alberto Gonz,'ilcs, M.S., Nematology &
entomology 

Entomology 
Erwin Guevara, Ing. Agr., Nematology&Etmlg 

& Entomology 
Gabriela Manrique, Ing. Ind.,

Nematology & Entomology 

Angela Matos, Ing. Agr., Nematology 
& Entomology

Maria Palacios, Biol., Nematology &
Entomology 

Marina Zcgarra, Biol., Nematology & 
Entomology 

Pedro Aley, M.S., Pathology 
Ida Bartolini, M.S., Pathology 
Ciro Barrera, M.S., Pathology t 
Miguel Cervantes, Biol., Pathology 
Carlos Chuquillanqui, B.S., Pathology 
Christian Delgado, M.S., Pathology 
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Violeta Flores, Biol., Pathology 
Segundo Fuentes, Biol., Pathology 
Wilman Galfndez, Ing. Agr., Pathology 
Liliam G. Lindo, Ing. Agr., Pathology 
Charlotte Lizarraga, B.S. Pathology 
josefina Nakashima, M.S., Patholo v 
Ursula Nydegger, Tech. Dip., Pathology 
Ricardo Orrego, Ing. Agr., Pathology 
Hans Pinedo, Ing. Agr., Pathology 
Hebert Torres, M.S., Pathology 
Ernesto Velit, Biol., Pathology 
Jos6 Luis Zapata, Ing. Agr., Pathology 
Donald Berrfos, Ing. Agr., Physiology 
Fausto Buitr6n, Ing. Agr., Physiology 
Rolando Cabello, Ing. Agr., Physiology 
Nelson Espinoza, Biol., Physiology 
Rosario Falc6n, B.S., Physiology 
Nelly Fong. M.S., Physiology 
Rolando Liz~irraga, B.S. Physiology 

Norma de Mazza, O.F., Physiology 
Ana Panta, Biol., Physiologyt 
Jorge Roca, B.S., Physiology 
Roxana Salinas, Ing. Agr., Physiology 
Carmen Siguefias, Biol., Physiologyt 
Daniela Silva, Biol., Physiology 
Pilar Tovar, Biol., Physiology 
Adolfo Achata, Economist, Social 

Science* 
Marisela Benavides, Sociol., Social 
Science 

Hugo Fano, Economist, Social Science 
Cecilia Gallegos, Economist, Social 

Science 
Victor Suirez, B.S., Statiscian, Social 

Science 

Fiorella S. Cabrejos, M.S.T., User 
Services Manager, Information Unit 

Martha Crosby, B.A., Librarian, 
Information Unit 

Cecilia Ferreyra, Circulation &
 
Reference, Information Unit
 

Griselda Lay, B.A., Information
 
Assistant, Information Unit 

Jorge Vallejo, Ing. Agr., Classification 
Assistant, Information Unit 

Ivan Bendez6, Ing. Agr., DatabaseAssistant, Information Unit
 
Myriam Diaz, Proofreader, Informa

tion Unit 
Fabiola Castilla, B.A., Information Unit* 
Ana Maria Ponce, M.S., Electronic 

Eng. System and Database Manager, 
Computer Unit 

Alberto V61cz, Electronic Eng., System 
Manager, Computer Unit 

Jorge Apaza, Ing. Econ., Computer 
Unit 

Pia Maria Oliden, Computer Assistant, 
Computer Unit 

Beatriz Eldredge, B.S., Biometrician,Statistics Unit
 
Jesus Chang, M.S., Audiovisual
 

Specialist, Communication Unit
 
Emma Martinez, Lic., Production
 

Processes, Communication Unit
 
Jaime Machuca, Ing. Agr., Communica

tion Assistant, Communication Unit 
Anselmo Morales, Artist, Communica

tion Unit 
F6lix Mufloz, M.S., Communication 

Assistant, Communication Unit 
Godofredo Lagos, Print Shop, 

Communication Unit 
Maria del Carmen Prieto, Text 

Processing, Communication Unit 
Rufino Failoo, Photomechanics, Com

munication Unit 
Cdsar Sepfilveda, Photocopy, Com

munication Unit 
Carlos Alvarez, M.S., Training* 
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Nelson Espinoza, Biol., M.S., Training 
(from August 1989) 

Jorge Palacios, Dep., Training 
Lauro G6mez, Tech., Research Support 
Nelson Mel6ndez, Tech. Dep., Re

search Support 
Luis Zapata, Ing. Agr. (Reg. I) 
Jorge Queiroz, Ing. Agr. (Reg. II) 
Stan Kasule, B.S. (Reg. III) 
John Kimani, B.S. (Reg. III) 
M. Shahata, B.S. (Reg. IV) (Egypt) 

M. Sharkani, B.S. (Reg. IV) (Egypt) 
S. K. Menra, M.S., Postharvest Assis-

tant (Rcg. VI) 
A. Demagante, M.S. (Reg. VII) 

V. Escobar, M.S. (Reg. VII) 
B. Fcrndindez, M.S. (Reg. VII) 
C. Montierro, M.S. (Reg. VII) 

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

Jorge Bautista, B.S., Controller's Office 
Josd Belli, C.P.A., Controller's Office 
Luz Correa, C.P.A., Controller's Office 

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

Alfredo GonzAlez, C.P.A., Controller's 
Office 

Alberto Monteblanco, C.P.A., Control
ler's Office 

*Left during the year. 

fThese positions are separately funded as Spe.
cial Projects by the following donor agencies:
Australian Development Assistance Agency
 
Belgium, General Administration for Coopera
tion and Development (AGCD)

Canada, International Development Research
 
Centre (IDRC)

Food and Agriculture Organization of the
 
United Nations (FAO)
 
Italy, Ministry of Foreign Affairs
 
Japan, International Board for Plant Genetic

Resotnce
 

Japan, Tropical Agriculture Research Center
 
Netherlands, Ministry of Foreign Affairs
Rockefeller Foundation
 

Swiss Development Cooperation and
 
Humanitarian Agency
 
United ICngdom, Overseas Development Ad
ministration (ODA) 
United States, Agency for"itn,'ational
Development (USAID)
 
United States, ?epsico Food International
 
United States, McDonald's Corporation
 
Worhl Bank/INIPA
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MormnoPutio t 
REPURT OF INDEPENDENT ACCOUNTANTS
 

February 26, 1990 

To the Members of the Board of Trustees 
International Potato Center 
- CIP
 

We ha~e examined the balance sheets of International Potato Center -

CIP (a non-profit organization) as of December 31, 1989 and 
 1988,
and the related statements of revenue, expenditures and changes in

unexpended fund 
 ba '.. ::,d changes in financial position for the 
years then Our
ended. examit.itions 
were made in accordance with

generally &ccepted auditing st.ndards aid, 
accordingly, included
 
suchI tests of tie accounting records such
and other auditing
 
procW a we considered 
necesiary IF tile circumstances. 

As described in Note 2-c), up to December 31, 1988, in accordance
 
wiLth guidelines established by the Consultative Group fur
International Agricultural Restarch for the preparation of financial
 
statements by International Agricultural Research Ceiters, firm
orders for purchases of fixed assets and were
services recorded In

the year of their commitment rather than 
 at tile time when the actual
liability arises. As from )989, the afore-mentioned firm orders are
 
being accounted for when the actual liability arises.
 

As described in Note 3, because of the manner in which the Inter-
American Development Bank transfers 
its contributions to timeCenter,

timecore donation receivable from such 
bank at December 31, 1989 is

in effect overstated by approximately USSI million 
at that date.
 

In our opinion, except fur time effect in 1988 of time matter

described In the second paragraph, and fur time effect 
 In 1989 of the
situation mentioned in time preceding paragraph, the financial state
ments examined 
 by us present fairly the financial position of
 
International Potato Center 
- CIP as of December 31, 1989 and 1988and its revenues, expenditures and changes in Its unexpended fund 
balances and changes in its financial position for the years then
ended, in conformity 
with generally accepted accounting principles
 
consistently applied.
 

Countersigned by
 

-0(partner) 
Franis co J. <oreno 
Peruvian Public Accountant
 
Registration No. 155
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INTERNATIONAL POTATO CENTER - CIP 

BALANCE SHEET (Notes* I and 2) 
as of December 31, 1989 and 1988 
(Expressed in U.S. dollars) 

ASSETS
 

CURRENT ASSETS 

Cash and short-term deposits 
-Accounts receivable
 
Donors (Note 3) 

Advances to personnel 

Loans to executives and employees 

current portion (Note 4) 

Other (Note 5) 

Inventories of laboratory and
 

other supplies 

Prepaid expenses and other
 

current assets 


Total current assets 

RESTRICTED FUNDS (Note 4) 

LOANS TO EXECUTIVES AND EMPLOYEES -
NON-CURRENT PORTION (Note 4) 

FIXED ASSETS (Note 6) 

1989 1988 

2,396,335 3,352,991 

3,930,728 1,558,152 
124,097 59,544 

153,450 118,304 
850,830 496,096 

820,347 720,349 

140,714 97,222 

8,416,501 6,402,658 

325,131 203,578 

24,252 74,212 

16,541,773 15,235,347 

25,307,657 21,915,795 

"The accompanying notes are an integral part of the financial statements. 
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INTERNATIONAL POTATO CENTER - CIP 

LIABILITIES AND FUND BALANCES 

CURRENT LIABILITIES 

Bank overdrafts and current portion 
of long-term debt (Notes 4 and 7) 

Accounts payable and other liabilities 
Grants received in advance 
Other payables and accrued expenses 
Total current liabilities 

LONG-TERM DEBT (Note 4) 

PROVISION FOR SEVERANCE INDEMNITIES. 
net of advances of 53,745 
(23,012 in 1988) 

FL, D kALANCES 

Funds invested iaFived assets (Note 6) 

Unexpended funds -

Operating funds - Unrestricted 


- Restricted 

Capital fund 

Working funds 

Special projects 

Cooperative activities 


GRANTS PLEDGED (Note 8) 

1989 1988 

241,939 140,200 
691,231 1,424,455 
57,600 -

555,956 383,494 
1,546,726 1,948,149 

- 55,237 

739,052 212,919 

16,541,773 15,235,347 

574,940 3,591 
942,358 564,680 
892,750 -

1,575,000 1,575,000 
2,287,427 2,219,116 
207,631 101,756 

6,480,106 4,464,143 

25,307,657 21,915,795 

The accompanying notes are an integral part of the financi., statements. 
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1988 

INTERNATIONAL POTATO CENTER - CIP 

STi'TMENT OF REVENUE, EXPENDITURES AND CHANGES 
IN UNEXPENDED FUND BALANCES (Notes I and 2) 
for the years ended December 31, 1989 and 1988 
(Expressed in U.S. dollars) 

1989 

REVENUE
 

Operating grants: 
Unrestricted 13,170,541 
Restricted 3,004,400 
Other restricted core grants 1,232,165 

17,407,106 
Special project grants 2,386,087 
Grants for fixed asset additions 1,835,00M 
G-ants for cooperative activities 247,713 
Working fund grants -
Other income, net 534,311 

22,410,217 

EXPENI)ITURES 

Operating costs: 
Potato and sweet potato research program 5,102,4311 
Research services 1.765.771 
Regional research program and ming 4,083,9015 
Conferences and seminars 24.876 
Information services and library 854,152 
Administration cost 1,619,473 
Other operating costs, including replacement 

of an aircraft for 3.019,180 in 1988 2,098,057 
External program and management review 215,854 

15,764,518
Other restricted core expenditures 932,172 
Special projects 2,317.776 
Cooperative activities 141,838 
Grants returned -

19,156,304
Additions to fixed assets 1,237,950 

20,394,254 

Excess of revenue over expenditures 2,015,963 
Unexpended fund balance, beginning of year 4,464,143 
UNEXPENDED FUND BALANCE. END OF YEAR 6,48(0,106 

The accompanying notes are an integral part of the financial statements. 

12.418,294 
3,081,939 

851,549 

16,351,782 
2,215,755 
1,188,0)0 

140.562 
258,XX) 
560,927 

20,715.026 

3,983,190 
1,614,033 
3,477,441 

152,401 
646,61( 

1,281,626 

4,641,182 
-

15.796.489 
6(14.589 

1,503.137 
91.911 
4.471 

18,0)0,597 
1,414.443 

1,299,986 
3,164,157 

4,464,143 

19.415.040 
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INIEMNATIONAL POTATO CENTER - CIP 

STATEMENT OF CHANGES IN FINANCIAL POSITION 
for the years ended December 31, 1989 and 1988 
(Expressed in U.S. dollars) 

SOURCE OF FUNDS 
Excess of revenue over expenditures 

Decrease in accounts receivable 

Decrease in prepaid expenses and other assets 

Decrease in restricted funds 

Decrease in loans to executives and employees 

non-current portion 

Increase in funds invested in fixed assets 

Increase in accounts payable and other liabilities 

Increase in grants received in advance 

Provision for severance indemnities 

APPLICATION OF FUNDS 

Purchase and replacement of fixed assets 
- Core acquisitions 
- Special projects 
- Net cost of replacement 
Increase in accounts recei'able 
Increase in inventories 
In. rease in prepaid expenses and other 

current assets 
Increase in restricted funds 
Decrease in accounts payable and other liabilities 
Decrease in grants received in advance 
Decrease in long-term debt 
Payment and advances of severance indemnities 

Increase (decrease) in cash and short-term deposits 
Cash and short-term deposits, beginning of year 
CASH AND SHORT-TERM DEPOSITS. END OF YEAR 

1989 1988 

2,015,963 1,299,986 
- 1,353,190 
- 16,280 
- 71,422 

49,960 102,333 
1,306,426 3,879,405 

- 395,436 
57,600 

747,976 216,236 

4,177,925 7,334,288 

1,237,950 1,414,443 
45.295 70,501 
23,181 2,394,461 

2,827,009 	 
99,998 95,876 

43,492 
121,553 
459,023
 

- 2.182,245 
55,237 112,272 

221,843 428,346 

5,134,581 6,698,144 

(956,656) 636,144 
3,352,991 2.716,847 
2,396,335 3,352,991 

The accompanying notes are an integral part of the financial statements. 
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INTERNATIONAL POTATO CENTER - CIP 

NOTES TO FINANCIAL STATEMENTS 
as of December 31, 1989 and 1988 
(Expressed in U.S. dollars) 

Operations 

The International Potato Center (CIP) is a non-profit organization located in Lima, 
Peru, with programs throughout Latin America, Central America and the Caribbean, 
the Near and Middle East, Asia and Africa. The CIP's principal objective is to con
tribute to th- development of the potato, sweet potato and other tuberous roots 
through scie'itific research programs, preparation and training of scientists, dissemina
tion of research results in publications, conferences, forums and seminars and other 
activities, in accordance with its objectives. 

The CIP was s:.bished in 1972, in accordance with an Agreement for Scientific Coop
eration with the Government of Peru signed in 1971 and expiring in 20W(.The Center 
is a member of the group of International Agricultural Research Centers, which is sup
ported by the Consultative Group f-' !','rnational Agri-ultural Research. 

In 	 accordance with existing legislation and provisions of the Agreement described 
above, the CIP is exempt from income tax and other taxes. If for any reason the Cen
ter's operations are terminated, all of its assets are to be transferred to the Peruvian 
Ministry of Agriculture. 

2. 	 Summary of significant accounting policies 

The principal accounting policies are as follows: 

a. 	 Foreign currency -
The books and accounts are maintained in U.S. dollars. Transactions are mainly in 
U.S. dollars. Assets and liabilities denominated in currencies other than the U.S. 
dollar are expressed at year-end exchange rates. Exchange gains and losses are 
included in the statement of revenue, expenditures and changes in unexpended 
fund balances. 

b. 	Revenue -

Grant transactions are recorded as revenue on the basis of donor commitments. 

Core unrestricted grants, capital and working fund grants are pledged on an annual 
basis and as such are recognized as revenue in the year in which the grant is 
pledged, as long as they are deemed to be probable of collection. 

Restricted operating and special project grants are accounted for in the period
stipulated by the donor. Other income, ne:, is recorded when earned and is 
comprised primarily of interest on investments, proceeds from sales of fixed assets 
and supplies, and of administrative costs of special projects. 

c. 	 Expenditures -
Prior to 1989, firm orders for purchases of fixed assets and services were recorded 
in the year of their commitment. At December 31, 1988, the amount recorded 
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under this practice totalled 892,740. As from 1989, the afore-mentioned firm orders 
are being accounted for when the actual liability arises. 

Expenditures made by international programs are recorded on the basis of reports
received. Expenses related to special projects are applied when incurred against the 
respective income. 

d. 	 Investments 
Short-term investments are principally comprised of certificates of deposit bearing
interest at current bank rates and are valued at cost. 

e. 	 Inventories of laboratory and other supplies -
Inventories of laboratory supplies and other materials are valued at estimated mar
ket value, which approximates cost. 

f. 	 Fixed assets -

Fixee. assets are stated 
 at cost. Additions to fixed assets are recorded as grant
expenditures and costs of replacement are reported as operating expenses in the 
statement of revenue, expenditures, and changes in fund balances and added to the
related equity account. Upon the sale or retirement of fixed assets, their cost is
removed from the fixed asset and related equity accounts. Fixed assets are not 
depreciated. 

Maintenance and repairs are recorded as operating costs in the year incurred. 

g. 	 Vacations -

Employee vacation 
 expenses are charged to operating expenses when they are 
taken. 

h. 	 Provision for severance indemnities -
Peruvian employees' severance indemnities are accounted for on an accrual basis 
and are calculated in accordance with current legal dispositions. The amount
accrued represents !he amount that would have to be paid to the employees if they 
were to terminate as of 	the date of the financiil statements. 

3. 	 Accounts receivable from donors 

At 	December 31, 1989 this account includes a core contribution receivable from the
Inter-American Development Bank (IDB) for 	1,650,0). IDB's dollar contributions to
the 	Center are transferred via the Central Bank of Peru and converted to intis at the
official government rate, rather then at the free market rate. At the year end, the offi
cial rate is about 40% of the published free market rate, which is the rate with which 
the Center operates. If this situation were to prevail, when the donation is finally
received, the Center would receive some I,(X) less than the Bank's actual dollar 
contribution. 

4. 	 Loans to executives and employees and long-term debt 

The CIP provides loans to certain of its executives for the acquisition of homes and/or
vehicles. These loans are funded by a term loan from Citibank N.A. - New York and
in certain instances with CIP's own funds. At December 31, 1989, outstanding loans
obtained from Citibank N.A. amount to 40,130 (157,409 in 1988), which bear interest 
at the New York prime rate plus 1.5% and are repayable in monthly installments until 
June 1990. 
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Loan balances with executives and employees at December 31, are as follows: 

1989 1988 
Loans funded by line of credit of Citibank N.A., 

secured by related homes and/or vehicles, repay
able under the same conditions as advances 
under the term loan at no direct cost to ('11 40.130 157,409 

Loans funded by CIP, repayable over atone io three 
year-period, bearing interest (as from 1988) at the 
New York prime rate plus 1.5% of 11.5% per annum 
and secured by employees' homes 137,572 35,107 

177.702 192,516 
Less current portion (153.450) (118,304) 

24.252 74,212 

In addition, at December 31. amounts outstanding under the term loan from Citibank 
N.A. 	are as follows: 

1989 1988 

Current portion (Note 7) 411,130 112,172 
Non-current portion (maturing 1989-1990) - 55,237 

40.131 157,409 

These amounts arc Luarantecd by a portion of a deposit of 325,131 (203.578 in 1988) 
in the aforementioned financial institution, whi-:h earns interest at 7.5'7 per annum 
(8r in 1988). 

5. Accounts receivable - Other 

This balance is comprised of the following at [)ecember 31: 

1989 1988
 

Advances to organizations for research work 359.6109 264.151 
Travel advances 33.895 72.399 
Advances to contractors and other 246,8106 113.267 
Claim to insurance company 198,371 -
Other 	 12,151 46.281) 

850.8310 496.096 

6. Fixed assets 

Fixed assets at December 31, comprise the following: 
1989 1988
 

Buildings and constructions 3.853.956 3.7119,(X)9 
Research equipment 1.852.691 1.779.833 
Vehicles and aircraft 5.056,850 4.828.323 
Furniture, fixtures, and office equipment 1.662.3() 1.3311,152 
Operating farm equipmnlt 592,625 546.887 
Installations I .856,31) 1.654.794 
Site development 822,182 783.671 
Communications equipment and other 576.562 581.217 
Construction in progress 268.31)8 21.461 

16.541.773 15.235.347 
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Vehicles and other fixed assets replaced or retired are transferred from the fixed assetand related equity accounts to a memorandum account. Fixed assets sold or donated are eliminated from the memorandum account. The balance of the memorandum 
account at December 31, 1989 is 644,933 (817,0110t in 1988). 

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

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

1989 
 1988
 
Bank overdrafts 201,809 38,028Current portion of long-term debt (Note 4) 40.130 102,172 

241,939 140.20M 

The CIP has various credit lines and loan arrangements with Citibank N.A. totalling525,0X) in 1989 and 1988. which bear interest at the New York prime rate plus 1.5%. 

8. Grants pledged 
During 1989, the following donations were pledged to the CIP for special projects in 
1990 through 1993: 

1990 1991 1992 1993 

International Devekment 
Research Centre - Canada 101 ,)( -
Swiss Development Cooperation
and Humanitarian Aid 
United States Agency for 
International l)evelopment 
Netherlands Government 
Rockefeller Foundatior 
Belgian Government 
Federal German Government 

1,965,955 

404,875 
239,808 
209,M(X) 
446,4(X) 

1,304,746 

22,5tX) 
78,540 

-
446,4(X) 

528,730 

-
-

446,4(X) -

Agency for Technical 
Cooperation - GTZ 148,186 116,375 95,565 81,075 

3,515,224 1.958,561 1,070,695 81.075 

The above amounts'are not reflected in the accompanying financi;l statements. 
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CIAT 

The CGIAR: 	 International Center for Tropical 
Agriculture 
Cali, ColombiaA Global Agricultural 
CIMMYTResearch System International Maize and Wheat 
Improvement Center 
Mexico City, Mexico

T he Consultative Group on International 	 CIP 
Agricultural Research (CGIAR) was International Potato Center 

established in 1971 to bring together coun- Lima, Peru 
tries. public and private institutions, interna- ICARDA 
tional and regional organizations, and repre- International Center for 
sentatives from developing countries in Agricultural Research in 
support of a network of international agri- the Dry Areas 

basic objcc- Aleppo, Syriacultural research centers. The 

tive of this effort is to increase the quantity ICRISAT 
and improve the quality of tood production 'iternational Crops Research 

Institute for the Semi-Arid Tropics
in developing countries. The research sup- Hyderabad, India 
ported by the CGIAR concentrates on the 
critical aspects of food production in InternationalIITA Institute of Tropical 
developing countries, of global importance, Agriculture 
that are not covered adequately by other Ibadan, Nigeria 
institutions. Currently, the CGIAR network ILCA 
is involved in research on all of the major International Livestock Center 
food crops and farming systems in the major for Africa 
ecological zones of the developing world. Addis Ababa. Ethiopia 

The CGIAR consists of over 40) donor ILRAD 
organizations. They meet twi'.c a "car to International Laboratory for 

Research on Animal Diseasesconsider program and budget proposals as Nairobi, Kenya 
well as policy issues of the 13 intcrnational 
agricultural research institutes supported by IRRI 

International Rice Research
the group. The World Bank provides the Institute 
CGIAR with its chairman and secretariat, Manila, Philippines 
while the Food and Agriculture Organiza- WARDA 
tion (FAO) of the United Nations provides West Africa Rice Development 
a separate secretariat for the group's Tcch- Association 
nical Advisory Committee (TAC). The Bouake, Ivory Coast 
TAC regularly reviews the scientific and IBPGR 
technical aspects of all center programs and International Board for Plant 
advises the CGIAR on needs, priorities, Genetic Resources 
and opportunities for research. Rome, Italy 

Of the thirteen centers, ten have IFPRI 
commodity-oriented programs covering a International Food Policy Research 

range of crops and livestock, and farming Institute 

systems that provide three-fourths of the Washington. D.C., U.S.A. 

developing world's totai food supply. The 	 ISNAR 
International Service for National

remaining three centers are concerned with Agricultural Research 
problems of food policy. national agricul- The Hague, Netherlands 
tural research, and plant genetic resources. 
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