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The International Potato Center (CIP) is a nonprofit, 
autonomous scientific institution established in 1972 
by agreement with tie Government of Peru. The 
Center develops and disseminates knowledge to 
facilitate use of the polatvi and sweet potato as basic 
foods in tle developintg uorld. CIP i,one of 13 
nonprofit international research and training centers 
sapported by the ('onsultati e Group forInternational 
Agricultural Research ((GIAR). The CGIAR is 
sponsored by the Food and Agriculture Organization 
(FAO) of the United Nations, the United Nations 
1)eveloptieit Programme (UNDP), and the Inter
national Bank for Reconstructiot and Development 
(World B~ank), and comprises tmore than 45 countries. 
international and regional organizations, and private 
foundations. 

In 1988, through the ('i IAI. CIP received funding 
front the iollowing donors: lte governments of 
Australia. Aastria. Belgium. Finland, France, 
Germany, India. Italy. Japan Mexico. Netherlands, 
Norway. People's Republic of China. Philippines.
Spain, and Sitizcrland; the Canadian International 
l)eclopttent Agency (CIDA); the Danish Interna
lional
I)veltpment Agency (I)ANI)A: tlie Euro
pean Ecinonlic Cotimlunity WEf'): the Inter-Attie
rican )eveloptntit Bank (II)B): the International
 
Fund forAgricultural Developelnt (IFAI)): the
 
Swkedish Agency for Research (Tperation with
 
)cveloping Countrics (SARE(): the United
 
Kintidoi Overseas Dcvelopmtcnt Administration
 
(UKODA); tie United States Agency for Interna
tional)evelopmcnt (USAII)); tle OPEC Fund for
 
International )evelopmnt the United Nations
 
)evelopment programm : tle World Bank (IBRD);
 

and the Consultative Group Secretariat.
 

The 1989 Annual Report is published inEnglish and 
Spanish by the Intiniaional Potato Center (CIP).
This ieport covers the period from I November 1987 
to 31 October 1988. Mention of specific products by 
trade name does not imply endorsement of or dis
crimination against such prtlucts by CIP. 
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Foreword
 

Our host country for CIP's headquarters has suffered especially 
severe-security and economic problems in recent months, 

prompting widespread speculation in the international 3ress. Local 
papers reported that we were leaving the country, and this informn.
tion eventually found its way into the global mass media. As a 
result, there has been increased concern among the families of 
international staff back home, along with donor preoccupation 
about the safety of both our staff and their investments in CIP 
facilities. 

CIP is facing these local problems squarely, and our report this 
year reflects some of the ways we have adapted our programs and 
shifted resources to surmount these constraints. !n the process, we 
have been hard pressed to maintain CIP's low-profile approach that 
has been established over the past two decades. 

Over the past months, we have curtailed on-farm research and 
road transportation to CIP experiment statiors in many parts of 
the country. After the security leader at CIP's Huancayo station 
was killed in late 1988, all of the scientific staff posted at this 
principal highland station were moved to other sites and security 
measures werc tightened at all CIP locations. 

Despite these tragic setbacks, however, CIP harvested a normal 
crop from well-cared-for research plots in Huancayo in March 
and April of 1989. Even though deeply shocked by the killing of 
their colleague, more than 80 workers stayed on the job-loyally
caring for CIP research plots and following their customary 
schedules. Although none of CIP's professional staff remained at 
Huancayo, many of the local workers have been the job foron 
more than 15 years, and they have repeatedly proven themselves 
to be top professionals in their own right. 

In related efforts, CIP is establishing an experiment ;tation in 
nearby Quito, Ecuador fo r our scientists working on pioblems of 
highland-potato producticn who must monitor their plots on a 
daily basis. CIP also upgraded its aircraft in 1988 so that scientists 
can better service all experiment stations in Peru and Ecuador, 
from a Lima base. We will transfer a team of five scientists from 
CIP headquarters to the Ecuador station, thus providing a backup
facility for maintaining the world potato and sweet potato collections. 
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Although CIP's diversification of program activities from head
quarters to regional program, and into country networks has been 
accelerated by our host-country's problems, we continue to maintain 
substantial investments in staff and facilitics at the Peruvian locations. 
We have buint a tremendously capable work force of well traired 
loyal staff of over 5(0 Peruvians, and it woild take years .o estab
lish a similar capability at another location. Our experience this 
past year ha ; clearly demonstrated the responsibility and loyalty of 
these vcterar, workers during difficult times. 

We will continue to decentralize, bringing our programs closer to 
the more than 80 countries with which we an collaborating. And, 
as long as lives are not endangered, we also will continue to work 
in Peru, which probably provides a better climate for improving 
potato and sweet potato germplasm than does almost any other 
country. In the coming months, our decisions will be governed to 
a great extent by the following priorities, which were affirmed in 
recent discussions with the CIP Board of Trustees. First, the lives 
of our people cannot bc replaced, thus we must ensure adequate 
personal sccurity. Second, much of CIP's germplasm cannot be 
replaced and thus must be protected for use by both present and 
future generations. Thir, bricks and mortar can be replaced, so 
we must make sure that our facilities are adequately designed for 
optimum flexibility and adaptation. Thus, under adverse conditions, 
CIP's operations could be modified or moved with minimum effect 
on staff or budget. 

As we chart our course for the next decade, which is outlined in 
the following section on CIP's self-study and plan for change, I 
would like to pay personal tribute to all CIP staff for their excellent 
support during this very difficult year. I would also like to offer 
special acknowledgement for the dedicated work of the Peruvian 
staff and our host-country colleagues. Our ;uccessful collaboration 
will continue through good planning. 

Richard L. 

Director General 
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CIP's Self-Study 
and Change Plan 

C 	 IP is well into a process of self-evaluation and change. In 
1988, we launched a full-scale analysis of our organizational

and management practices that we hope wili give 'ise to many
improvements over the next decade. Working from within the 
institution, we've now entered the implementation stage of our 
plan-for-change. This brief summary documents the progress to 
date and outlines some considerations for the future. 

Our 	Rationale 

While a self-study can be useful for most institutions, such 
analysis is now particularly valuable for CIP in addressing some 
fundamental administrative and operational concerns. First, our 
administrative leadership will soon change. In its 20-year history, 
CIP has had only one director general and he has strongly influ
enced the strategies and direction of the institution. The intent of 
the self-study process is to provide a constructive atmosphere for 
the change in managemert and to encourage all staff to contrib
ute to the planning process. 

Second, CIP has grown rapidly with a philosophy based on 
user needs, and our prograois have diversified through operations 
in more than 80 countries. Thus, a self-study has served as an 
internal review to ensure that our organizational changes keep 
pace with growth, that our servicing capabilities are appropriate
for research-project requirements, and that our facilities meet 
operationai needs. For example, most of CIP's management staff 
have attended specialized management courses. The self-study has 
provided an opportunity to put their collective training to use in 
improving the institution. Staff functions and strategies that have 
served the institution well during the growing years are being
examined and revised, based on current conditions and on input
from all operational levels. Perhaps most importantly, the self
study has provided an environment and a basis for continuing dis
cussion of needed improvements and for identification of alternative 
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approaches. And, iin the process, staff have worked together to 
contribute new insights. 

Third. Ci," will be involved in 1989 in external program and 
mlanagement revicws. which are part of tile monitoring process for 
tile programs and management of all CGIAR centers. Our self
situdy has helped to mirror CIP's activities, thereby prov:ding a 
framework for preparing for these reviews. 

Fourth, the process can help gcnerate the flexibility and respon
siVJenCss neCdCd to plan effectively during the current period of 
economic and social turnoil in CIP's host country (see Foreword). 

The Plan-For-Change Process 

Our self-studv is the first phase in a long-term planning process 
that beani with the Boaid of Trustees' approval. External mnange
nmenl consulantillt liC \\'ere c'hoseln to guide CI P staff through the 
process, anth we selectedh a working group from within our staff to 
critically Cvaluate Cl P's toial organization, with input fron all 
delpartlnltls of tile Celter. Their findings were presented to maln
agCillclnt as a base for c ,tiiiued discussion and decision-naking. 
Next. CIP's Ianacnient committCC dCvClopCd a preliminary Plan
for-(haelC docuinlCit, building upon the findings of the working 
group. The Plan is ,owbeing inplemented and lonitorcd, with 
periodic updating scheduled to ilude feedback from all CIP 
operatlions. 

For four niths, our self-studv committee intervicwed Cl1P staff 
at all levels and stimulated colnstructivC criticiSm on all phases of 
CIP wvork. Management practices were analyzed at all levels and 
coiwtructivC [eLeback provided to all nianagers. The findings of 
our study comiitntee wer,2 prcsented to staff and the Board prior 
to the 1988 anniual review. Fle, have also provided tile base for 
the next stcp of the process - the development of a change plan 
b\v lhe management Conitiiittee. 

Our manageient committee is composed of all managemnlct
level staff, plus 'le controller, the execulive officer, the head of 
tile information sciences department, aiid tile head of the social 
sciences department. For six weeks, the nianagement committee, 
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in a consensus approach, addressed the major problem areas that 
had been identified by the study committee, as well as other pres
sing concerns. The result is a plan-for-change that designates
responsibilities and proposes a time schedule for implementing the 
changes. The plan document was giiven to all our staiff and the 
Board of Trustees for final revision before being distributed outside the CI P family. Most of the changes wviii be implemented prior 

to the externml reviews in late 1989. 

Our Initial Findings 

Our *.studvwas designed to identify both the strengths and weak
nesses of the present CIP structure, so that changes could be built 
a round our strong points. We are proud of our many accomplish
ments. CIP is recognized as ai exceptionally productivc, cost
effect ie institution, With a dedicated work force of both local and 
inte rationalI staff. The change plan goal is to guide our "A" class 
institution into "A -1- performaice the nextover dccalc. 

The preliminary findings clearly indicated that the organizational 
chart lnec(ded updating, with some chianges in liles of rcsponsibility. 
All of the rescarch thrusts :Ind depart ments name1ld in tile nexw 
chart arc now the responsibility of the director of research. The 
research progran has been restructured as a single unified program 
with a contin uum of research activities. Thrust managers lead this 
research at headquarters. They also work on collaborative research 
projects witi tile regional and national programs. In recent years,
CIP's expanding research activities in all regions have generated 
may excellent collaborative projects with national scientists. Our
plan-for-changc helps bring tile programs at Ieadq uarters and in 
the reIgions toget her into an intleted program. 

Our findings indicated that the exccutive office has not been 
able to expand its supportive capabilities fast enough to keep pace
with the increase in research programs in recent years. Con
sequently, there wvas a need to reorgianize the executive office and 
to add staff so that services could be streamlined. Personnel and 
purchasing. formerly headed by one pcrson, has now been divided 
into two positions, with the addition of a local professional personnel 
officer. Another staff member was assigned to work directly under 
the executive officer to implement administrative decisions. The 
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department of communiications and training also has been divided
 
into two departments: (lie director of revional research will now be
 
responsible for training and the director general's office will be in
 
charge of the information sciences department.
 

Previously, CIP staff had noted the need to have the monthly 
responsibility reports coincide with the departmental budget pre
sentations. Our Change Plan complements this recommendation 
and provides a budgetary structure whereby costs cm. be properly 
identified by either department or thrust. This change will provide 
management with quicker and noorc comprehensive information 
abouf potential adjustments in funding. 

Another measure taken as a result of otur self-study was the 
hiring of a team of rese;irch-conImunicatioas computer consultants 
to develop a plan that will bring CIP up-to-date with computer 
hardware and software for our institution's many research and 
information needs. This plan will be implemented as soon as the 
necessary funds bCcomC available. The many databases that were 
being developed throughouit CIlP are now beit;g integrated so that 
coMputers and software will be more compatible. With the diver
sity of ('IP's program, these improvements could well be some of 
the most valuable changes generated by our self-study. 

While our study findings recognized the vale of CIP's low-profile 
approach and modest facilities that have produced excellent 
research, a better working environment was recommended. Space 
and facilities are needed for the greatly expanded staff. To respond 
to this need, two new buildings are under construction and staff 
will be redistributed there when they are completed. 

As ouIr plan moves rapidly into the implementation phase, the 
Plan-for-Change document has been published and is available for 
use by others. A sister center has already followed CIP's lead with 
a self-study of its own, and others are considering the possibility. 
Although our study required more time than originally anticipated, 
the consensas is that the effort has been highly productive. We rec
ommend the self-study process as an effective tool for monitoring 
the operations of intcrnatioinal centers and other agricultural 
roscarch institutions and for building change into their programs. 

Richard L. Sawyer 
Director General 
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CIP Collaborative Regional Bridges 

imanages its global research and development program within aanetk thougs wr 
teratically
evaluate technologies under 
a range of localconditions. This
approach

at all takes intoaccount the farmer, consumer, and agribusiness commu-itnity research levels, from the moment a problem is identified, throughexperiment station and on-farm testing and adaptation, until an eftecrie solu-
t ion i s ac c e p t ed b y loc a l p o ta to a n d s we e t pota to pro d uce r s . Rapid and continuing feedback from these evaluations plays key role inguiding a

CIP's overall research program ;,theadquarters in Lima, Peru. (seeoverview, next page) 
CIP's capabilities are enhanced numerousby research and consultancy con-tracts that take advantage of the expertise and facilities available at ;therinstitutions, often in collaborative research in developed countries. Throughcontracts with developing-country institutions, we share specialized human and 

physical resources onto focus high priori:y local research. 

It
 

PRECODER 5 , 

PegoVNrh tcn.---------. 

liRegion I South America 
SIRegion 11 Cenitral America and the Caribbean 

Region III East and Southern Africa
Region IV North Africa and the Middle East 
Region V West and Central Africa 
Region VI South AsiaRegion VIISoutheast Asia 
Region VIII China 

Country Networks 

IP has helped to develop five unique collaborative research networks. 
:. these networks, several countries in a geographical area pool theirresources to solve common production problems. Once priorities have beentive advantage, sharing its results with the has a comparaothers. CIP participates in thenetworks as an equal partner, providing technical assistance in its areas ofn e t i s a s l a r t e n c e i, e dag ui n oaf r ts 

expertise, as well as administrative guidance. The distribution of effortsallows CIP and the member countries to utilize their resources efficiently.This system of shared responsibility and active interchange differs fundamentally from other agricultural networks that are designed primarily to aidin germplasm distribution. The members benefit from a wide range ofresearch results, and at the same time their interests are consolidated at.their self-reliance is strengthened. 

W]ClP Headquarters - Lima I
 
B Regional Headquarters 

.....
o Department Staff in Regions 
---e Collaborative Research and
 

Contracts
 
- Collaborative Country
 

Research Networks
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Agroecological Zones and Related
 
Thrust Research in 8 CIP Regions
 
C IP has four experiment stations in Peru, ope in each of the major agroecological 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 fields. 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 (800 m), and the other in the hot, low jungle of Yurimaguas (180 m). 

CIP research sites in Peru and the potato-growing seasons, with meteorological
data for 19bd crop year. 

Site: *Lima-La Molina eHuancayo ESan Ramon AYurimaguasLatitude: 12'05'S 12007'S I108'S 54'SAltitude: 240 m 3280 m 800 m 180 mGrowing season: Jan-Mar May-Nov Nov-May Nov-Mar May-Aug May-Aug

88 88 
 87 88 87 88 88 88 88 88 

Air max (0C) 28.62 23.16 20.80 31.07 29.03 31.58Air mi ( C) 19.31 13.27 6.74 14.54 11.13 19.20 
Evaporation
(total mm) 452.00Rainfall	 568.90 1001.84 1372.98 534.18 220.10 

(total mm) 0.90 4.80 661.90 1474.20 222.80 334.30 
Solar 	radiation 
(daily MJ/m2 ) 17.32 12.05 19.89 17.84 18.29 no data 

M ora, oColombia 

~PERU 
urimaguas

A* 
~Brazil 

0 
Sean	 3--

E 
U 

tropics. RMid-elevationo 
Low, humid tropics C 
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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 developing
world (next page), where they collaborate directly with the national programs.
In Lima, Center operations are supported by more that 500 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 byinternational experts from devcloped 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 and use. 

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

I Production and Distribution of Advanced Breeding Material 
III Conlrol of Bacterial and Fungal Diseases 
IV Control of Virus and Virus-Like Diseases 
V Integrated Pest Management

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

VIII Postharvest Technology
 
IX Seed Techn,'ogy
 
X Potato and Sweet Potato in Food Systems
 



PRACIPA PRAPAC 
Programa Programme 
Andino Rgional 
Cooperativo d, d'Amdlioration 
lnv'estgacidn de Ia Culture 
en Papa de Ponme 
Bolivia, de Terre 
Colombia, en Afrique 
Ecuador, Centrale 
Peru, Burundi, 
Venezuela Rwanda, 

Uganda, 
Zaire 

PRECODEPA 
Programa 
Regional 
Cooperativo 
de Papa 
Costa Rica, 
Cuba, 

Dominican 

Republic, 

El Salvador, 

Guatemala, 

Haiti, 

Honduras, 

Mexico,
 
Nicaragua,
 
Panama
 

PROCIPA SAPPRAD 
Programa Southeast 
Cooperativo de Asian Program 
Investigaciones for Potato 
en Papa Resea'ch and 
Argentina, Development 
Brazil, Injonesia, 
Chile, Papua New 
Uruguay, Guinea, 
Paraguay Philippines, 

Sri Lanka, 
Thailand, 
Malaysia 

Global Regional Contact Points 
Main leadquarters 	 Phone: (57)(1) 2864019 Region Ii Office 
Peru (Ext. 454) Central America 

International Potato Center (57)(1) 28-3088 & Caribbean 
Aparlado Postal 5969 (Ext. 454) Dominican Republic 
Lima 100, Peru (57)(1) 281-3399 CIP Region 11 Offce 

Phone: (51)(14) 36-6920 FAX: (57)(1) 281-9468 Av. Sarasota 

(51)(14) 35-4283 Telex: 42368 ICA TI esquina Nufiez de Caceres 
FAX: (51)(14) 35-1570 45366 CIID CO Apartamento 202, 

Telex: 25672 PE c/o CIPAPA Edificlo Amnbar Plaza 11 
Cable: CIPAPA, Linma Cable: CIPAPA Bogota Santo Domingo, 
E-Mail: 157:CG1801 Paraguay Rep. Dominicana 

157:CG I043 CIP Region I Office Phone: (1)(809) 5354887 

Region I Office c/o Seniclo de Extension (1)(809) 535-6230 

South America Agricola y Ganadera (SEAG) FAX: (1)(809) 535-6554 

Telex: 3464112 IICA RDColombia 	 SL Lorenzo, Paraguay 
Phone: (021) 50-0377CIP Region I Ofice 


(022)50.2526
Apartado Aereo 92654 


Bogota 8, l Colombia Telex: 218PY UNDP Off.
 
Cable: UNDEVPRO
 
Mall: c/o UNDP - C.C. 1107
 

Asuncion, Paraguay
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Region III Office 
East & Soutiern Africa 
Kenya 

CIP Region III Office 
P.O. Box 25171 
Nairobi, Kenya 
Phone: (254)(2) 59-2206 

(254)(2) 59-2051 
FAX: (254)(2)59-349) 
Telex: 22040 ILRAI) 
Cable: CIPAPA, Nairo. 
E-MaihiLRAI) 

10074:CGUO05 

Ethiopia 
CIP Region III Office 
c\o Institute of Agricultural 
Research 
iloletta Research Center 
P.O. Box 2003 

Addis Ababa, Ethlopia 

Phone: 16005559 


Telex: 	 21548 IARET 
Rwanda 

CIP Regon III Office 

C IP .N.A~ '.
ROP.OSection de r'SAR 

Sectio73 


Ruhengeri, Rwanda 

Phone: (250) 332 

Phone: 	 (250 3Telex:es)
Cable: 	 (use above address) 

Crei 
CIP Region 11 Office 

B.P.c\o 
Bujumbura, Burundi 

Phone: (257) 22-4074 

Telex through: 


Iotl Source du Nil 

No. 5030 BI)i 


clex sia AO 5092 

FOODAG BI) 

Region IV Offlce 
North Africa & Middle 
East 
Tunisia 

CIP Region IV Office 
II rue des Orangers 
2080 Ariana, Tunis 
Tunisia 
Phone: (216)() 71-6047 

(216)(1) 53.9092 
FAX: (216)(1) 71-8431 
Telex: 14965 CIP TN 
E-Mail:C.Martin 

Egypt 

CIP Region IV Office 

P.O. .x 17 
Kafr El 7ayat, Egypt 
Phone: (20)(40) 58-6720 
Telex: 23605 PBTNA UN 

RegionVOffice
 
West & Central Africa 

Cameroon 

CIP Region IV Office 
. Box 279 


Bamenda, Cameroon 

Phone: (237) 36-3285 
FAX: 	 (237) 36-3284 

c\o Sky Line Hotel 
5110 KN CIP CAM 

CIP Region V Office 
coI T 

IITA 

Oyo Road, P.M.B. 5320 

Ibadan, Nigeria 

Phone: (234) 41-3440 


Telex: 	 31417 TROPIBI NG or 

2031 TDS IlA ',', 
c\0 IIIA 1IOX 015 

Region VI Office 
South Asia 
India 

CIP Region VI Office 


IARI Campus 


New Delhi 110012, India 

Phone: (91)(11 ) 58-8055 

Telex: 31-73140 Fl IN 


31-73168 EIC IN 
Cable: CIPAPA, New )elhi 
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Summary of Research Programs
 

CIPhas markedly increased workloads of Thrust research within the regions 
of Latin America, Africa, and Asia. An emerging priority within this con
tinuing emphasis on global regionalization is for collaborative teams to 
create improved varieties by crossing local potato ,arieties with materials 
from CIP. These teams are comprised of NARS and CIP scientists, and the 
CIP contributions provide combinations of resistances and tolerances to 
biotic and abiotic stresses. Materials from selected sources other than the 
Center's breeding program are also being promoted. For example, clone 
B71-240.2 (bred in Argentina), and cultivar Mariva (from Peru), show wide 
adaptability and are being used in several tropical countries around the 
world. 
The strong trend towards regionalization extends throughout our Thrust 

research activities. CIP's scientists and NARS counterparts are increasingly 
working together in the regions to improve integrated pest and disease 
control methods, to develop potato seed production schemes that produce 
clean planting materials (considered by many countries to be as important 
as the development of new varieties), and to develop new postharvest 
methodologies. 
Similarly, CIP is emphasizing the regior'.i approach in sweet potato re

search, where we have centered initial attention on the collection, distribu
tion, and pathogen cleanup of germplasm. This expanding program also 
includes socioeconomic studies on production, utilization, production and 
marketing patterns, as well as research on breeding, integrated pest and 
disease management, and postharvest methodologies. 

In this summary, we have highlighted results of some major activities in each 
of CIP's research Thrusts. The findings represent the work of CIP's head
quarters and regional research teams in collaboration with NARS and 
others. 



Germplasm and Breeding 
New accessions for the World Potato 
Collection continue to be identified, and 
we are focusing on geographical areas 
that are not well represented. In 1988, we 
obtained 156 new accessions from 
Guatemala, Mexico and Ecuador, and 
our Collection ntw maintains a total of 
more than 4,200 non-duplicate potato
clones. The wild species collection con
tains over 1,450 taxonomically classified 
accessions, with about 200 yet to be clas
sified. 

CIP's sweet potato collection, already
the world's largest, is expanding rapidly:
13 sweet potato collecting expeditions
gathered 620 accessions from 240 sites 
worldwide in 1988. This collection now 
holds 4,326 cultivated accessions and 
1,160 wild accessions. Introduction of 
clonal accessions to in vitro culture is 
progressing well, as is the evaluation of 
agronomic and nutritional charac-
teristics. 

In biosystematic research theon 
potato, we are emphasizing the use of the 
endosperm balance number (EBN) to 
help understand and predict the cros-
sability of wild potato species with each 
other and with cultivated potatoes. This 
work has included analysis of several wild 
Peruvian coastal and highland potato 
species. In addition to facilitating the 

more effective use of the species, the 

EBN data also help explain past failures 

to cross some species belonging to the 

same taxonomic series, 


Utilization studies concentrated on 
Solanum acaule, a wild species that
provides a source of resistance to PLRV, 
and we now have experiments under way 
to determine the basis of this resistance, 
Solatum acaule also has been shown to 
be a reliable source of resistance to 
PSTV, and our initial findings suggest 

that PSTV resistance can be successfully
transferred from S. acaule to cultivated 
genetic populations. These findings are 
especially important in the worldwide 
application of TPS technology, because 
PSTV is transmitted through sexual 
reproduction. 

In recent years, CIP has developed a 
large population of dipioid potato clones 
that have resistances to cyst nematodes, 
root-knoinematodes, bacterialwilt, early
blight, late blight, PVY, and PLRV. We 
are adding to our comprehensive 
database to document the parental value 
of such material for tubcr yield.

The genetic base of the 2x potato 
population was broadened by the intro
duction of new wild species that show 
promise for improving the earliness of 
the 21. pollen producers. We expect that 
the diploid clones will play an increasing
!yimportant role in the overall breeding 
program. 

In sweet potato breeding, we have only
begun to use the wild Ipomoea species,
because of cytological and genetic com
plications with this species. However, 
wild Ipotnoeagcrmplasm has an array of 
resistances that are not found in cul



tivated germplasm. The wild germplasm, 
for examnle, shows resistance to the 
sweet potato weevil, an insect that is a 
major, global constraint on production. 

In a major cytological discovery, our 
CIP-based research has demonstrated 
that wild germplasm, especially that from 
the taxonomic series Batatas, can be 
manipulated successfully for use by com-
mercial breeding p, ograms. Using this 
new technology, we have crossed syn-
thetic hexaploid plants and 3x clones 
(that produce 2n pollen) with sweet 
potato cultivars, and some of these cros-
ses have produced plump seed. These 
seed represent 6x hybrids that contain 
three genomes from the cultivated sweet 
potato and three genomes from the wild 
species, Ipomoea trifida. We are now 
evaluating these hybrids in the field. 

Genetic engineering experiments 
using DNA constructs have opened up 
new possibilities for development of 
genetic resistance to bacterial-wilt dis-

In developing potato populations for 
widespread use in tropical regions, re
search continued to focus on technology 
that would allow resistances or toleran
ces to pest diseases and stresses to be 
combined with attributes for high yield, 
good tuber characteristics, and process
ing quality. Selection emphasized the 
general combining ability of the 
progenitors. 

In Peru and Brazil, advancements in
cluded selection of high-yielding, early
maturing clones with heat tolerance, 
immunity to PVY and PVX, and resis
tance to late blight. In addition, clones 
were identified that have resistance to 
PLRV, immunity to PVY and PVX, high
dry-matter content, and excellent 
processing quality for potato chips and 
french fries. 

Other advances included the sys
tematic introduction of combined im
munities to PVY and PVX into 
populations oriented to either variety 

ease caused byPseudomnonassolanacear- selection or use of TPS for seed and ware 
uni. We transformed several potato 
clones that are normally susceptible to 
bacterial-wilt disease, using Agrobac-
terium tutnefaciens carrying DNA se-
qucnces that code for the production of 
the highly bactericidal compounds, 
cecropin and attacin. Some promising
plants, obtained from susceptible mother 
plants, have survived soil inoculation that 
would normally cause wilt. Tests are 
under way to determine whether these 
plants have been definitely transformed. 
This approach has an advantage over 
cc,.nventional methods because the resis-
tance obtained is more likely to be useful 
against most, if not all, strains of Pseudo-
nmonas solanaceannn. We obtained the 
DNA constructs through a CIP contract 
with Louisiana State University. 

potato production. To widen the genetic 
base of resistant materials, we have intro
duced PVY- and PVX-immune clones 
through contracts with Cornell Univer
sity (New York, USA) and the Agricul
tural University (Wageningen, The 
Netherlands). 

In genetic studies of a lowland tropical 
potato population with early blight resis
tancc, our findings suggest that several 
important traits can be combined sue
cessfully. Attributes of this population 
include resistance to bacterial wilt and to 
early and late blight, immunity to PVY 
and PVX, earliness, heat tolerance, and 
good agronomic traits. The heritability 
estimates confirmed earlier findings and 
helped explain our rapid progress in 
combining early blight resistance with at
tributes for earliness. Other genetic 
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studies of potato processing quality indi-
cate good potential for selection based 
on attributes such as tuber yield, specific 
gravity, and reducing-sugar content. 

Programs for germplasm evaluation 
and selection of superior clones are now 
under way in Brazil, Uruguay, Tunisia, 

Cameroon, Bangladesh, the Philippines, 
and Vietnam. We have distributed a 
potato population carrying a conibina
tion of several resistances, tolerances, 
and other attributes to CIP regions and 
national programs in 56 developing 
countries and 14 developed countries. 

Integrated Control of Diseases and Pests
 
Latent infection is a major problem in 
controlling bacterial wilt disease. In 1988, 
we identified two high-yielding clones 
that are highly resistant to bacterial wilt 
infection and latent infection within the 
tetraploid material. These clones are 
being considered for incorporation into 
CIP's pathogen-tested collection, and 
also are being evaluated for their paren
tal values. 

In contract research with the Univer
sity of Wisconsin, we are identifying 
stable new sources of resistance to bac
terial wilt disease. The highest levels of 
resistance to three different strains of 
Pseudornonassolanacearum(including a 
highly virulent Mexican strain) were 
found in accessions of S. acaule,S. corn-
inersonii,and S. demissurn. We are now 
using these accessions as sources of resis-
tance in protoplast fusion experiments 
with S. tuberosuin for incorporation into 
agronomically acceptable genotypes. 

Seven clones from the pathogen-
tested list were found to be resistant to 
Verticillium wilt and five were rated as 
resistant to powdery scab. 

We are following up on some of our 
earlier research that identified multi-fac-
torial components in potato resistance to 
PLRV, by examining antibiosis and an-
tixenosis as components of resistance to 
aphid vectors. This technology makes use 
of an electronic feeding monitor to ex-
amine clones from CIP's pathogen-
tested list. Several clones showed 
antixenosis; however, antibiosis was not 

A
 

detected, except in S. neocardinasii. 
These data aie vitally important to the 
further development of tropical potato 
genotypes with high resistance to PLRV. 

In studies -ofthe variability of PLRV, 
in collaboration with the Scottish Crops
Research Institute in Great Britain, we 
identified scrologically different isolates 
of PLRV that might require the develop
ment of strain-specific antiserum for 
routine detection of PLRV on a global 
scale. We are now analyzing the sig
nificance of this data with respect to 
stability of resistance to PLRV. 

Our genetic studies on resistance to 
PVY using subspecies andigena and S. 
stolonifenun show that two non-allelic 
genes are involved in resistance. The 
results also showed that environmental 
conditions modified the expression ofthe 
gene for hypersensitivity. These findings 
provide a bette, understanding of the 
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dcviations fromcxpectedratiosthatwere 
found in screening for resistance to PVY. 
The information will also help to improve 
inheritance of PVY immunity at the 
diploid levcl. 

ELISA tests were used to examine the 
variability of PVX and PVY and to 
monitor the stability of resistance in 
germplasm being evaluated in the 
regions. Our data rcvcdl no problems re-
lated to variability in PVY strains that are 
found in North, Central, and South 
America, and in Bangladesh, China, 
Europe, and Africa. PVX isolates 
detected in different parts of the world 
were classified into four scrogroups and 
two scrotypes. Scrotype PVXo was found 
in North, Central, and South America, 
and in Europe, Bangladesh, and India. 
The PVXA type was detected only in 
Peru and Bolivia, occurring mainly in the 
Lake Titicaca plateau. Fortunately, the 
strain PVXI3 that breaks the immunity 
to PVX found in potato isincluded in the 
highly localized PVXA type. The stability 
of immunity to PVX appears to be cstab-
lishcd, unless PVXiII is dispersed from 
its local area. 

We have r'.und that NCM ELISA is 
slightly more sensitive and less susccp-
tible to background reactions than is 
DAS ELISA. The NCM ELISA kits are 
also easier to prepare and to transport, 
and the technique can be used for dctec-
tion of PVX, PVY, PVS, PVT, APLV, 
and APM V.The proven practical useful-
ness of NCM ELISA tests has stimulated 
the production of test kits and protocol 
manuals that arc now being tested under 
field conditions in selected CIP Regions. 

We have introduced and tested the 
NCM ELISA technique inChina, for cx-
ample, in a joint project with Inner Mon-
golia Univcsity. This technique may 
replace DAS ELISA, which is routinely 

used by national programs to detect 
potato viruses in the main cultivars and 
for quality control of seed potatoes. 

Because some polyclonal or mono
clonal antibodies for virus detection are 
difficult to produce, we are developing a 
simple, rapid, and less-expensive proce
dure that uses a selecled antisEru.a to 
multiply idiotypic antibodies that are 
virus-specific. In this approach, rabbits 
are injected with selected idiotypic an
tibodies. The resultant antibodies (an
tiidiotypic) are used to reproduce the 
idiotypic antibodies (anti-antiidiotypic). 
We have used similar methodology suc 
cessfully in production of anti-anti
monoclonal antibodies for detection of 
PLRV. 

We are also developing virus-specific 
nucleic acid probes to search for more 
sensitive and efficient methods of virus 
detection. New probes have now been 
developed for detection of the potato 
viruses PVX, PVY, PLRV, and APLV, 
and the sweet potato virus SPFMV. 

In sweet potato research, we are con
tinuing intensive work to identify sweet 
pctato viruses. Four sweet potato viruses 
that had not been described previously 
are being identified and fully charac
tcrizcd. SPFMV isolates that showed 
minimum serological variation were 
foundto 6iffer substaniiallyin some char
acteristics, such as infectivity and 
symptom production. 

Collaborating with the Volcani Cen
tcr, Israel, we began a search in CIP's 
gerniplasm collection for accessions with 
immunity. Of a total of 1,641 accessions, 
30 were shown to be resistant, even after 
grafting to infected sweet potato scions. 
Sonic of the more resistant accessions 
may carrygcncs for immunity, and we are 
using aphids and grafting techniques to 
reinoculate these accessions. 
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In selections for good agronomic 
characteristics in combination with resis-
tance to the cyst nematode (Globodera 
pallida), yields of many selected clones 
exceeded those of local check cultivars, 
and some clones also showed resistances 
to late blight and viruses. We sent ad-
vanced clones to the National Potato Re-
search Program of Peru, and tuber 
families were delivered to Ecuador, 
Colombia, Panama, and Pakistan to in-
itiate selection cycles, 

Wild and cultivated diploid potatoes 
and pathogen-tested clones were 
screened for resistance to the root-knot 
nematode Afeloidoglyne incognita. Tests 
also were performed on TPS materials, 
and useful levels of resistance were iden-
tifred in both types. We identified clones 
with high levels of resistance io root-knot 
nematode within cultivated sweet potato 
germplasm collected from Peru. Inter-
estingly, the largest number of highly 
resistan, clones came from the Depart-
ment of Lima, indicating the effective-
ness of selection pressures applied by 
farmers in their sweet potato cultivation 
practices. 

Potato clones were selected that 
showed high levels of resistance to the 
potato tuber moth under storage condi
tions. The clones included tetraploids, 
diploids, and pathogen-tested geiuotypes. 

In Colombia, potato families with S. 
benhaulii ancestors were tested for 
adaptation and for resistance to potato 
tuber moth. The promising results ob
tained are probably due to glandular 
trichomes on the foliage of these 
materials. 

Excellent levels of control were ob
tained by use of granulosis virs formula
tions against potato tuber moth under 
field and storage conditions in Peru. A 
parasitoid, C'opidosomnadesantisi,was in
troduced from Peru to several areas in 
Colombia, and substantial parasitism was 
recorded. 

In studies of sex pheromones, we have 
focused on methods that can lower costs 
of formulations and some of the findings 
suggest good economic potential. To 
provide guidance in control measures, 
pheromone traps were used to study the 
seasonal counts of the potato tuber moth 
in Ethiopia and Burundi. In Egypt, sev
eral studies examined the control of 
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potato tuber moth in stores and granulosis virus, Bacillusthuringiensis,as
evaluated the degree of susceptibility to well as wire-screened stores, light traps,this pest in commercial cultivars and pheromone traps, and Lantana camara.
other genotypcs. Integrated control Several combinations of control methods 
measures included use of insecticides, provided excellent protection. 

Production and Postharvest Technology 
The role of nitrogen fertilization in adap
tation of the potato to the warm tropics 
was examined in a series of experiments 
that we completed in Peru in 1988. Clone 
LT-7 was the top-yielding entry, showing 
a greater ability to utilize nitrogen fer
tilizer, with less reduction in partitioning
of dry matter to tubers at high nitrogen 
levels. 

As part of an increasing effort to de
velop potatoes for production under hot,
arid conditions, studies were made of 
methodologies to identify drought
tolerant parental material. Findings indi-
,.ated that tubei yield of potato under 
t ,ought stress is related to the force re-
quired to pull plants out of the soil. We 
are further developing this methodology,
along with complementary measurement 
approaches related to root growth, leaf-
water potential, stomatal conductance, 


nd leaf appearance. 

Drought studies of storage-root yield 

of sweet potato showed a lack of interac-
tion bctween clones and irrigation treat-
ments. This finding suggests that 
selection for vigor and high yield under 
suitable irrigation conditions could 
facilitate simultaneous selection of 
clones able to yield well under ,rought 
conditions. 

A range of potato cultivars, breeding
lines, and species was subjected to 
periods of heat stress in controlled 
growth chambers at the Nova Scotia 
Agriculture College, Canada. The ex-
periment made substantial progress in 

" p
:, 

, 

!l 

determining the genetic and physiologi
cal basis of heat tolerance. 

For relay cropping or intercropping 
potato with annual or perennial crops, 
CIP has advocated a system that featuresavoidance of competition for solar Jr
radiance. However, in analyzing inter
cropping combinaiens wh potato, we 
have found that some shade tolerance 
may be desirable. At Nova Scotia 
Agriculture Collcgc. potato clones and 
species were screened for shade 
tolerance, and related work explored 
physiological parameters associated with 
shade tolerance. We are now assessing 
the importance of interactions between 
levels of irradiance and growth tempera
tures, as compared with the effects on 
growth and photosynthesis. 

Collabor tion with national programs 
to analyze field performance of relay
cropping and intercropping systems is 
yielding results that now are being trans
fered to farmers' fields. For example, in 
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Egypt, relay cropping of potato into an 
existing maize crop is an expcrimental 
pra, - gaining favor among farmers 
who w'ish to plant in the hot-season 
period before the traditional planting 
date. Higher maize crop yields are an 
additional benefit from this relay system. 

CIP contract research on intercrop-
ping continues at the Sjuthern China 
Potato Research Center at Enshi, Hubei 
Province. This work demonstrated the 
yield advantage of alternating double 
potato rows with double rows of maize, a 
practice that was particularly effective at 
higher altitudes. Other cropping patterns 
are being analyzed for use at different 
elevations. 

At the Yunnan Academy of Agricul-
tural Science, CIP contract research has 
examined the benefits of strip-cropping 
of maize and potato, on factors in addi-
tion to yield, such as incidence of soil-
borne diseases and the reduction of 
water, soil, and nutrient losses on sloping 
soils. Intercropping, and contour plow-
ing (instead of surface tilling) proved to 
be effective in reducing runoff from slop-
ing fields. In western tiubci, China, two 
clones (bred in China) were selected that 
are well adapted to intercropping with 
maize. 

The Bangladesh Agriculture Re-
search Institute and the Sugarcane 
Training and Research Institute, 
Bangladesh are also working with CIP 
under contract to collect additional data 
on the technical and economic feasibility 
of intercropping potato with sugarcane. 
In these studies, cane yields were not 
reduced when the traditional single-row 
system for planting sugarcane was 
changed to a double-row system in which 
more space was available for the potato 
intcrcrop. However, sugarcane bene-
fitted from residual effects of potassium 

and phosphorus, as well as from nitrogen 
applied to, but not used by, the potato 
crop. Other intcrcropping studies are 
under way in Burundi, the Philippine 
lowlands, and Indonesia. 

The combined findings suggest that 
continued work on genetic improvement 
of potato for use in intercropping-fully 
complemented by agronomic and 
physiological studies-will likely yield 
substantial payoffs at many tropical loca
tions. 

In related efforts, participants from 
eight Asian countries attended a work
shop held in China to discuss the status 
and future priorities of agronomic re
search that can establish potato as a 
major crop in hot climates. The needs 
cited included improved cultivars and 
development of appropriate methods for 
managing planting material. Agronomic 
research priorities included studies on 
productionundersuboptimalconditions, 
including drought. 

In collaboration with the national 
potato program in southern Chile, non-
Andean populations were developed for 
frost tolerance in combination with earli
ness and immunity to viruses X and Y. 
Advanced selections were made with 
high yield potentials and high specific 
gravities. In the research to adapt the 
cool-environment potato population to 
long-dayenvironments, yields as much as 
35% higher were obtained. 

We selected several outstanding 
clones with resistance to frost and late 
blight in collaborative work with the na
tional potato program of Peru, and some 
clones show promise as varieties. A 
second recombination cycle is under way 
to increase the frequency of genes for 
horizontal resistance to late blight from 
using sources of resistance free of R 
genes (Population B). Our preliminary 
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assessments of heritability suggest that 
rapid progress can be made and that 
some selcctcd secdlings now have high
levels of horizontal resistance, 

Studies of potato storage technology 
concentrated on storage of consumer 
potatoes in warm-dry and warm-humid 
conditions. Methods to control posthar-
vestlosseswerestudiedinstorageexperi-
ments in Peru, Kenya, India, Pakistan, 
Thailand, and the Philippines. Special 
study interests included storage pests 
and diseases, water loss, and sprouting. 

Our research is stressing use of in-
tcgratcd storage methodologies that are 
appropriate to local conditions. For cx-
ample, in cooperative work with the Hor-
ticulture Rescarch Institute and the 
Agriculture Engineering Division of the 
Department of Agriculture in Thailand, 
a farmer survey identified specific post-
harvest problems in the northern 
lowlands. On average, about half of the 
potato growers reported yields of less 
than four tons of potatoes per farm. The 
potatoes are commonly storcd for up to 
three months in heaps covered with straw 
or dry grass. Potato tuber moth was the 
most important storage problem. The 
survey showed that 75% of the farmers 
would choose to impiove their present 
storage systems, if the required invest-
ment cost would not exceed $13 per ton 
of potatoes. B2sed on these needs assess-
ments, on-farm research tests were made 
to improve storage methods. Bamboo 
storage boxes lined with rice husks were 
assembled and then filled with tubers and 
covered with the rice husks for protection 
against the potato tuber moth. The boxes 
reduced total tuber weight loss and af-
forded complete protection against 
potato tuber moth damage. During the 
storage period, potato prices increased 
by 50%. The returns en the capital invest-

ment (storage structure and potatoes) 
were negative for the control and plus 
27% for the boxes. This study illustrates 
the approach that CIP and collaborators 
will be establishing in the warm tropics. 

In Peru, our potato-processing ac
tivities concentrated on transfer of 
processing technology and related train
ing. Several small processing units are 
under construction in the highlands of 
Peru, with technical support from CIP. 
We are also providing technical support 
for the processing work of Centro Ideas, 
whose processing plant at Huancayo is 
using the technology developed at CIP's 
pilot plant. The Huancayo pl::n:t is now 
processing several Andean root and 
tuber crops and operates throughout the 
year. Products are dehydrated using a 
combination of solarand artificial drying. 

CIP, in cooperation with ENEA, Italy,
has begun designing solar dryers 
equipped with additional artificial drying 
systems, in resrponse to a need for low
cost drying systems that are more effi
cicnt than solar drying alone. We are 
testing these systems at CIP's experiment 
station in Huancayo. 

In Thailand, evaluation of clones for 
processing quality has been a high 
priority in collaborative work with the 
Agricultural Chemistry Division of the 
Department of Agriculture. All ad
vanced clones are now routinely tested 
for processing quality and for domestic 
cooking quality. 

In cooperation with Kasetsart Univer
sity, Bangkok and with the Horticulture 
Research Institute, CIP completed a 
study on the demand for potatoes and 
potato products in Bangkok. About one
third of the total potato production there 
is consumed as processed products. The 
study predicted an increase in demand 
for consumer potatoes, and recommen
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dations were made for the.establishment 
of production and postharvest programs
that will gradually reduce potato retail 
prices (a major limiting factor for potato 
consun., on) while increasing quality of 
consumer potatces. We have found these 
studies especially valuable in helping to 
identify leverage points for improvement 
in the food system, and we are promoting 
further studies involving scientists within 
NARS. 

The International TPS progeny 
evaluation trials continte to produce new 
high-performing progenies and this work 
is being greatly facilitated by our high-
volume production unit in Lima. In 
1988, 35 new hybrid combinations were 
distributed to countries participating in 
the international trials. 

Studies continued on TPS germina-
tion and early seedling emergence 
responses, as well as on parental effects 
on rooting capacity and early field estab-
lishment of potato seedlings. Factors 
such as location, seed maturity and sup-
plemental nitrogen were shown to be im-
portant in effective selection of more 
vigorous TPS crosses during early seed-
ling emergence and development. It was 
also shown that high levels of supplemen-
tal nitrogen during seed production and 
proper seed development at harvest are 
essential for enhancing seed vigor and for 
preserving vigor during long-term 
storage. 

The performance of planting mate-
rials from comparable genetic back-
grounds was evaluated for effects of 
tuber origin, single sprout seedling
tubers, stem cuttings, and apical cuttings. 
The results suggested that differences in 
tuber number and size distribution were 
more clearly related to the physiological 
origins of the plant materials than to dif-
ferences in their genetic backgrounds. 

To help sweet potato breeders plan
effective crossing blocks, studies were 
made of flowering induction. Accessions 
from CIP's sweet potato germplasm col
lection were grouped into three catego
ries, high, moderate, and low, to indicate 
flowering capacity. Only 3% of the acces
sions were rated as high capacity, 88% 
were moderate, and 9% were low. 

A case study of the seed potato system 
in Ecuador was completed as part of the 
series designed to identify strengths and 
weaknesses of seed systems. The series 
includes similar reports on the Philip
pines (CIP Annual Report, 1988). Kenya
(in progress), and a combined report on 
Canada, the Netherlands, and the United 
Kingdom (CIP Annual Review, 1988). In 
Ecuador, the findings indicated that in
stitutional and coordination problems, 
rather than technical problems, arelimit
ingthe effectiveness of the seed program. 

Training in seed production con
tinued in South America, Africa, and 
Asia. An international seed production 
course organized by C_P-UNA in Lima, 
Peru, was attended by participants from 
10 South American countries. In other 
training activities in Peru, more than 40 
scientists from around the world visited 
CIP-Lima to gain practical experience
with in vitro and rapid multiplicatioai 
techniques. Huancayo had 30 visiting 
scientists from outside Peru, who were 
involved in seed production technology, 
seed program development, and on-farm 
research. A formal seed production 
course was held at Cuzco for 68 Peruvian 
scientists, workshops on basic seed dis
tribution were held in Cuzco and Huan
cayo, and a short course on basic seed 
production was held in Lima. A seed 
production course in Rwanda focused on 
TPS as an alternative to traditional seed 
schemes. In Bangladesh, 99 participants 
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attended a course at BARI on use ofTPS 
transplants, seedling tubers and tuber-
lets. In Santa Lucia (the Philippines), 
trainees from the Philippines, Vietnam, 
and Bhutan studied innovative, low-cost 

Food Systems Research 
A survey of National Program Leaders 
indicated that the principal constraints to 
production and use of potatoes and sweet 
potatoes are found in the postharvest 
phase of the food system. 

Marketing work emphasized the im
portance of backstopping studies con
ducted by NARS scientists. Surveys of 
National Leaders indicated that CIP had 
contributed significantly to national pro
gram capacity for training, seed produc-
tion, storage, and oreeding. Benefits at 
the farm level had been achieved prin-
cipally through improvement in seedquaityaso anhroghthesuplyof 

quality, and also through the supply 

Studies in Kenya and Peru revealed 
StudesKeyan nd eru eveledor a few criteria. An on-farm research

that farmers' criteria for evaluating new 
potato varieties often differ sharply from 
the criteria used by breeders and 
agronomists. 

Future Challenges 
The above findings reflect substantial 
progress in both potato research and in 
the relatively new area of sweet potato 
research. We must now meet the chal-
lenge of more precisely assessing the im-
pact of CIP work on NARS and on the 
farmers they serve. We arc seeking a 
deeper and clearer understanding of 
where our research fits within the 
priorities of both the national programs 
and the farm families in developing 
countries. We are finding that adoption 
and local adaptation of the new varieties 
and technologies are difficult to quantify 
because this kind of data is seldom 

appropriate technology on rapid 
propagation techniques for TPS. In 
China, farmers and scientists worked 
together in a course to demonstrate new 
seed technologies. 

"
 
.'
 

"I .
 

. -

Farmers generally look for varieties 
that meet several minimum criteria 

rather than varieties that fulfill only one 
or a f ew ia Anon- armech 
study in Indonesia provided a mechanism 
for farmers to contribute directly to the 
development of TPS technology. 

reflected in official statistics. In countries 
where surveys have been made or where 
official statistics have been available, 
CIP's impact has been clearly illustrated 
in seed scheme improvement and in 
several otl.-, reas. More complete in
formation is needed, however, and we are 
exploring new methodologies for impact 
assessment, with the NARS expected to 
play a large role in the process. We an
ticipate enormous benefits from this col
laborative feedback process, which is 
designed to evaluate our progress and to 
focus on how to better serve the NARS. 

11 
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ThrustI 

Collection, Maintenance, and Utilization
 
of Unexploited Genetic Resources
 

Thrust Profile: 1989 
In biosystcmatic research, the Endosperm Balance Number (EBN) was determined 
for several wild Peruvian coastal and highland species. An EBN provides a measure
 
for predicting the crossability of these wild species with each other and with cultivated
 
potatoes. The Peruvian coastal potato species S. mochicense was iound to be an ideal
 
test species for determining the EBN of wild South American potato species. Utiliza
tion studies concentrated on identifying resistance to PLRV and to PSTV in the wild
 
species S. acaule. Low frequencies of usable resistance to both pathogens were
 
identified, and studies are under way to investigate the genetic basis of these lesistan
ces and th'ir utilization in breeding.
 
The World Potato Collection received a total of 156 new accessions from Guatemala,
 
Mexico and Ecuador, areas which are 
not yet well represented in the collection. 
Duplicate accessions continued to be identified and were eliminated from clonal 
maintenance after sufficient true seeds for long-term storage were obtained from 
these accessions. The transfer of the World Potato Collection to in vitro culture is 
virtually complete, with 3,34) accessions maintained in vitro. Tests on CIP's clonal 
potato collection indicated that it is free of PSTV. A population of diploid potato
clones with useful trails was evaluated for its breeding value, and new wild species
accessions have citered this diploid breeding program. CIP's !'7st set of clonal 
transformation experiments for resistance to bacterial diseases using Agrobacterium 
um1efaciens as vector, yielded positive preliminary results. 
In 1988, 13 sweet potalo collecting expeditions gathered a total of 620 accessions in 
240 localities. About 2,(XX) cultivated sweet potato accessions from Peru were field
evaluated in 1988, and evaluation of agronomic and nutritional characteristics con
tinues. The introduction of clonal accessions to in vitro culture is now a routine 
procedure. Following approximately 35,0 controlled pollinations, cytogenctic re
search yielded a series of unexpected positive results that will permit the utilization 
of some wild lpomoea species in breeding. 

('11' scientisi. %wcltcingpotato cultivars. 
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Biosystematic Studies of Potatoes
 
In 1988, biosystematic research studies 
focused on determining the EBN of 
several Peruvian coastal and highland 
species. The EBN concept has been de-
vclopcd in the last decade and is extreme-
ly useful in understanding and predicting 
the crossability of wild potato species 
with each other and with cultivated 
potatoes. The evolutionary origin that ac-
counts f( r the EBN is not yet completely 
understood. Results have shown, how-
cvcr, that the EBN is an indicator for an 
effective biological isolation mechanism 
that enables a spcci,'- to maintain its 
specific integrity after it has colonized 
ecological niches within hostile environ-
ments. This concept has led to research 
that makes it possible to determine the 
EBN of coastal Peruvian species found in 
a hostile desert environment. 

In these studies, hundreds of crosses 
were made between diploid coastal and 
highland species from the taxonomic 
series Conicibaccaia and Tubcrosa. Two 
species were each found to have an EBN 
of 2: S. chonatophihm from series Con-
icibaccata, an Andean species with rcsis-
tancc to Phwiophihora infestans and to 
frost; and S. bukasovii, an Andean spe-
cics from scrics Tubcrosa with resistance 
to Globodera pallida and to frost. The 
identical EBN of the two species indi-
cated that they should easily cross, and 
crosses bctwcen these two species were 

Utilization Studies in Potatoes 
Screening of accessions of the wild 
species S. acaule was co)ntinued to deter-
mine resistance to PLRV and to PSTV. 
In tests for resistance to PLRV, the ac-
cessions of S. acaule to be screened were 
infested with PLRV-carrying green 
peach aphids, the natural vector of this 
virus. In the first tests of resistance levels 

made without difficulty, although they 
belong to different ta~onomic series. 

Identification of the EBN of wild po
tato species will allow utilization of these 
species in more predictable and effective 
ways. The two diploid coastal species 
from series Tubcrosa, S. wittmackii and 
S. medians, were found to be rcproduc
tively isolated from cach other. S. wit
tmackii was found to have an EBN of 1, 
whereas S. medians had an EBN of 2, 
ttjus, this difference accounts for the 
lailure of past attempts to cross these two 
species. Such biological isolation would 
be necessary in the harsh coastal cnviron
ments in which hybridization would 
quickly erode any specialized advantage 
the different species might have had in 
coastal ecological nichcs. 

The diploid Peruvian coastal species 
S. mochicense from the taxonomic series 
Tuberosa has been shown to be an excel
lenttestspcciesfordeterminingtheEBN 
of other species, because it has an EBN 
of 1 and because it flowers abundantly 
under both short- and long-day condi
tions. With S. mochicense serving as 
tester, 11 species were found or con
firmed to have an EBN of 2. Two other 
species with an EBN of I have also served 
as test species: S. chacoense and S. corn
mersondi, which belong to the series 
Commersoriana, from eastern South 
America. 

to PLRV within this population, levels 
varied from 0% to 100% per accession. 
Of the 61 accessions tested, 13.1% were 
highly resistant, 26.2% moderately resis
tant, and 0.7% were susceptible. A'i ad
ditional series of tests identified four 
genotypes that are apparently resistant to 
the replicaticr of the virus, and five 
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genotypcs with resistance to the green 
peach aphid. These nine resistant 
genotypes represent a low percentage 
(0.54%) of the tested population. How-
ever, this wild species has now been posi-
tively idcntificd as an additional source of 
resistance to PLRV, and studies are 
under way to determine the genetic basis 
of this resistance, 

The same population was tested for 
resistance to PSTV, and 9.7% of the 
tested accessions wc .c found to bc highly 
resistant, 18% moderately rcsistant, and 
72% susceptible. These percentages in-
dicate that genes for resistance to PSTV 
are fairly widespread in populations of S. 
acaule, although at a relatively low level, 

Resistance to PSTV was determined 
successfully by mechanical inocuiation 
and by the much more severe test of in-
oculation with transformed strains of 

Agrobacterium tumnefaciens carrying 
either a monomer or a dimcr full-length 
PSTV-cDNA insert in their genomes. 

The most severe screening tests for 
PSTV are graft inoculation and inocula
tion with a transformed strain of A. 
tutnefaciens carrying a trimcr full-length 
PSTV-cDNA insert in its genome. These 
more severe tests broke the resistance of 
all the genotypes that had previously 
withstood infection by tests using 
aiacLianica! inoculation or inoculation 
with A. ttwnefaciens carrying a monomer 
or a dimer full-length PSTV-cDNA in
sert. 

Graft testing and challenges with 
transformed strains of A. twnefaciens, 
which do not occur in nature, were made 
to study the resistance mechanisms that 
protect S. acaule from PSTV. Mechani
cal tra",,mission is the only mechanism of 

A dyad found in a 3X plant, demonstrating 2n pollen production in the plant. 
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transmission known in nature, and ample 
useful rcsistance to such transmission has 
been clearly identified. 

Tests were also made of the effect of 
temperature on the infectivity of two 
PSTV-carrying strains ofA. tumefaciens. 
Eight gcnotypes of S. acaule,which ap-
parently were resistant when challenged 
at 20' C, showed no resistance at .30' C. 
This finding suggests that temperature 
influences infection, translocation, and 
replication of the pathogen. This might 
be one explanation for the absence of 
PSTVinthehighAndcs,whcretcmpera-
tures never reach 300 C. 

Transfer of the identified resistances 
to cultivated material and studies of the 

Potato Germplasm-Collection 
Collecting Activities 
The World Potato Collection received 
n'2w accessions from areas that had not 
been well represented. Thirty-two new 
accessions were collected in collabora-
tion with ICTA, the national agricultural 
research organization in Guatemala. 
Another 51 native accessioas were col-
Icctcd in Mexico in collaboration with 
INIFAP, the national agricultural re-
search organization of that country. A 
donation of 73 accessions was received 
from INIAP, the national agricultural re-
search institute of Ecuador, as a part of 
an ongoing project of collection and col-
laboration between IBPGR and CIP. 

Elimination of Duplicates 
A total of 250 new duplicate accessions 
that were found to be morphologically 
and clectrophorctically identical to other 
Andean potato cultivars in CIP's collec-
tion have now been included in the group 
of clones to be converted to TPS. A total 
of 387 previously identified duplicate ac-
cessions have produced sufficient TPS 
for long-tcrm storage, thus thisgroup has 
I0 

genetic basis of the resistances are now 
under way, and first indications are that 
resistance to PSTV can be successfully 
transferred from S. acaule to cultivated 
genetic populations. S. acaule is the only 
known species with resistance to PSTV, 
and the utilization of S. acaule in breed
ing is well understood, although the use 
of bridging species and various steps of 
ploidy manipulation arc involved. Reli
able sources of resistance to PSTV will 
become especially important in the 
worldwide application of TPS tcchnol
ogy, because this viroid is also trans
mitted through sexual reproduction, 
which normally eliminates most kinds of 
viruses. 

now been eliminated from clonal main
tenance. 

In recent years, 671 accessions that 
were received as donations or collected 
have been found to be morphologically 
identical to 280 cultivars already main
tained in the collection. After their dupli
cate status has been elcctrophorctically 
confirmed, and after obtaining a suffi
cient amount of TPS for long-term 
storage, these duplicates will be elimi
nated from clonal maintenance. 

Data on plant and floral characters of 
651 accessions were obtained from Ar
gentina, enabling CIP workers to refine 
the groupings made the previous year onthe iasis of tuber characters. Electro
phoretic analysis of 383 of these acces
sions indicated that they represented 
only 20 different cultivars. 

More than 4,219 cultivated potato ac
cessions are now clonally maintained at 
CIP. The wild species collection contains 
a total of 1,450 taxonomically classified 
accessions and about 200 accessions yet 
to be classified. 



In Vitro Collection 
of Germplasm 

The transfer of the World Potato Collec-
tion to in vitro culture is nearing comple-
tion, with 3,340 accessions now 
maintained in vitro. In accordance with 
CIP's own security procedures and 
IBPGP. guidelines, the in vitro collection 
is being duplicated outside Peru, and 
over half of the collection has now been 
duplicated in vitro in Ecuador. By April 
of 1989, the complete in vitro collection 
will have been duplicated in Ecuador, 
under an agreement with INIAP. INIAP 
recently received funds from the Andean 
Development Corporation (CAF) to 
build cold-storage facilities for the col-
Icction. With these facilities, CIP will not 
need to renew the collections so fre
qucitly. Since these renewals are still 

Potato Germplas m Enhancement 
D.iploid Gernplasn 

At Iluancayo, 445 2x potato clones were 
evaluated for pollen stainability, 2n pol-
lcn production, tuber traits, and specific 
gravity. The genetic background of these 
clones included haploids from S. tithe-
rosutm, ssp. tuberoswm and ssp. andigena; 
diploid cultivated species; and the wild 
species S. stolonifmonu, S. chacocnse, S. 
sparsipilutm, S. microdontum, and S. ver-
nci. A total of 119 clones was selected, 
based on 2n pollen production and 
known resistances to cyst nematodes, 
root-knot nematodes, bacterial wilt, early 
blight, late blight, PVY, and PLRV. In-
formation from this selection and related 
data arc being used to develop a database 
on parental value for tuber yield. 

New accessions of the wild species S. 
bertlhaulti, S. bukasovii, S. canasense, S. 
chacoense, S. microdontum and S. tari-
jense were introduced into the diploid 
breeding pfogram and were screened for 

done in Lima, they require frequent cost
ly shipments of in vitro material from 
Lima to Ecuador. 
PSTV Monitoring of the Collection 
. .. . . .. 
PSTV tests were made on 3,398 acces
sionsmaintainedinthefieldandon 1,020 
accessions maintained in vitro. None of 
the accessions tested with the NASH test 
showed an) infection with PSTV, indicat
ingthat CIP's clonaliy-maintaincd )otato 
collection is free of PSTV. 

Distribution of Potato Germplasm 
iutthogenivcsted-Andcan cuivars from 

the World Potato Collection were dis
tributed to 12countriesin the form of 778 
tubers, 748 in vitro plantlcts, 150 in vitro 
tubers and 1,650 seeds. 

2n pollen production. Of these, 21 

genotypes were found to produce 2n pol
len: 16 from S. berihaulii, I from S. 
bukasovii, I from S. chacoense, and 3 
from S. taijense.Hybrids obtained from 
crosses of early-maturing haploids with 
selected wild accessions also were check
ed for 2n pollen production. Of these 
hybrids, l,l68gcnotypeswere tested, and 
174 produced 2n pollen. At harvest, 34 
clones were selected for 2n pollen 
production and superior tuber traits. 
This new material will help to widen the 
genetic base of CIP's 2x potato popula
tion and to improve earliness of the 2n 
pollen producers. 

At San Ramon, yield trials were con
ductcd during the dry and rainy seasons 
to evaluate the parental value of the 2x 
progenitors for 4x x 2x crosses. In these 
trials, 20 of the 4x x 2x crosses yielded 
better than did the best 4x x 4x check (an 
Atzimba x Katahdin cross that yielded 
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396 g/plant, on average), when harvested 
90 days after transplanting during the 
rainy season. The bcst-yielding family 
was 78.13.13F2 x 84.101.1, which yielded 
almost 700 g/plant. Two families, ND 
860.2 x P-127.3 (which yielded 532 
g/plant) and Atlantic x P-127.3 (which 
yielded 516 g/plant) had a higher degree 
of tuber uniformity and vine earliness 
than did the 4x x4x check. 

This research on 2n gametes and 
ploidy manipulation is ,ndcrtaken to 
take advantage of the relative ease with 
which genetic characters can be com-
bincd at the diploid level in comparison 
to recombinations at the tctraploid level. 
This type of diploid breeding program 
permits the ready utilization in modern 
plant brccding of the vast genepool of 
diploid wild potato species. Diploid 
genotypes that are found to be of supe-
rior parental value will be freed of viruF 
and pathogen-tested as soon as possible. 
They will then be made available to 
breeding programs at CIP centers and 
national breeding programs around the 
world. The results obtained in 1988 
clearly indicate that steady progress has 
been made over the past decade in this 
area of long-term research, 

Many TPS families from the 4x x 2x 
material with a series of known resistan-
ces have already been widely distributed 
to CIP researchers for tests in San 
Ramon, Huancayo, Burundi, Kenya, 
India, Indonesia, and the Philippines. 

Protoplast Culture and Fusion 
A special project on asymmetric proto-
plast fusion for the transfer of cytoplas-
mic male sterility (CMS), funded by the 
Agency for International Development 
(AID), was completed at the Weizmann 
Institute of Science in Israel, and the first 
set of material has been passed on to CIP 
scientists for field evaluation. 
Isi
 

Genetic Engineering 
Preliminary results on CIP's first set of 
clonal-transformation tests for resistance 
to bacterial diseases were obtained in 
1988 using constructs of Agrobactcriun 
twefaciens. These constructs, which 
were obtained through a research con
tract with Louisiana State University, 
have DNA sequences that code for the 
production of the highly bactericidal 
compounds cecropin and attacin in their 
genomes. Several potato clones that are 
normally highly susceptible to the hac
terial wilt caused by Pseudomonas 
solanaceaun, were used in these trans
formation experiments. 

In addition to the code for bacterial 
resistance, a sequence coding for resis
tance to the antibiotic kanamycin was 
also incorporated into theAgrobacterium 
genome. If transferred into the potato 
genome, plantletsregeneratedfromaco
culture of Agrohacterium tumefaciens 
with potato cells should exhibit resis
tance to kanamycin, in media containing 
this antibiotic. The first selections for 
kanamycin resistance were made, and 
then the resistant material was multiplied
and tested for resistance to the bacterial
wilt pathogen under strictly controlled 
laboratory conditions. Some promising 
plants obtained from susceptible mother 
plants have survived heavy soil inocula
tion that normallywould causewilt in the 
mother plants. Further tests are being 
made to determine whether these s,z
vivors are truly transformed. 

Louisiana State University has sup
plied 55 new constructs, all coding for 
resistance to bacterial diseases, which 
will be incorporated into potato clones, 
singly or in combination, to study the 
transformed genotypes' potential resis
tance against bacterial diseases. 



Because sweet potato crops in China 
have been observed to be affected by 
bacterial wilt, transformation work on 
sweet potatoes has been initiated using 

Sweet Potato Genetic Resources 
Sweet Potato 
Germplasrn Collection 

Collecting activities and taxonomic 
identification. During 1988, 13 expedi-
tions were made: nine inside Peru, and 
one each in Argentina, Bolivia, Paraguay, 
and Jamaica. A total of 620 accessions 
were collected in 240 different localities, 
Of these 620 accessions, 490 belong to 
IIponioea balatas, the cultivated sweet 
potato. Other Ipomoca species were 
identified in the remaining 130 acces-
sions. These accessions were taxonomi-
cally identified by Dr. F. Austin of the 
University of Florida at Boca Raton. In 
this classification, 33 accessions were 
found to belong to six species of the sec-
tion Batatas-the taxonomic section of 
the cultivated sweet potato. Of these 33 
accessions, 31 were found to belong to 
five known species of section Batatas, 
and two accessions were identified as LD 
unibraticola, a species new to section 
Batatas. Some accessions were found to 
belong to species that are not included in 
section Batatas, and one of these is new 
to science. Several others in this group of 
29 accessions, although known species, 
had never before been found in South 
America (Table 1-1). Articles about 

these discoveries will be published in the 
appropriate scientific journals. 
Sweet potato geriplasm donations. 

Donations of 280 cultivated accessions 
were received from Argentina, Vene
zuela, Guatcmala, and Cuba. These in-
eluded 42 accessions from the Argentine 
collections maintained by INTA at San 
Pedro and at the University of Tucuman; 

constructs of Agrobacterium rhizogenes 
coding for rcsistai~ce to bacterial dis
eases. Five Chinese sweet potato cul
tivars have been included. 

21 accessions from the University of 
Maracay in Venezuela: 112 accessions 

from the collection maintained by San 
Carlos University and ICTA of Gua
temala; and 105 accessions from the col
lection maintained by the Nalional 
Institute for Research in Tropical Aoots 
and Tubers (INIVIT) at Santo Domingo 
of Villa Clara in Cuba. With these dona
(ions, CIP's sweet potato germplasm col-
Icction now contains a total of 4,326 
cultivated and i,160 wild species acces
sions. 

Germplasm maintenance. A large
scale experiment was conducted to 
determine the feasibility of maintaining 
stem cuttings under slow-growth condi-

Table 1-1. Taxonomic identification and gee
graphic distribution of wild Ipomoea species col
lected in 1988. 

Species ARG BOL JAM PAR PER Total 

Section Batatas 
1.cordatotriloba 9 0 0 0 0 9 
tgrandifoia 1 0 0 0 0 1 
. x leucantha 4 0 0 0 0 4 
* rarnosissima 0 5 0 0 1 6 

1 tiliacea 0 0 11 0 0 11 

New species 
Section Batatas 
/. umbrat cola 0 2 0 0 0 2 
Other species 0 2 2 1 24 29 

Undltermined 0 0 2 46 21 68 

130 
"ARG Argentina. BOL Bolivia, 

JAM Jamaica. PAR Paraguay, PER Peru. 
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tions in the screcnhousc. Stem cuttings of 
approximately 1,000 cultivated acces-
sions were maintaincd for six months in 
bottles containing water or were planted 
in pcal-noss pots. These basic treat-
mcnts were modified by foliar fcrtiliza-
tion and by pruning the apical shoots 
after thrcc months. Cuttings maintained 
in bottles had low pcrcentages of survival, 
and grcater losses vcrc observed in th.z 
accessions with thin stems. 

The cuttings in the pcat-moss pots 
generally had high survival rates. When 
the surviving sicio cuttings were 
transplanted to the field, those grown in 
bottles showed a survival rate ranging 
from 501; to 70%, whereas those grown 
in peat-moss pots had a survival rate of 
80% to ltX)%. 

Storage-root yields were about the 
same for plants obtained from the two 
trcatments and from plants that had bccn 
grown from cuttings obtained from field-
grown plants. 

Future main'tcnance of sweet potato 
stem cuttings will be done under slow-
growth conditions in the scrccnhousc, 
using peat-moss pots. 

Germplasm evaluation and distribu-
tion. Data on 7 storage-root characters of 
approximately 2,000 accessions from 
Peru have bccn recorded at harvest, 
using the descriptor list developed at 
CIP. 

Living material from the collection 
was distributed for use in research 
projccts at CIP, including storage roots 
from 672 accessions, stem ct, tings from 
431 accessions, and secds from 171 ac-
cessions. Results of analyses carried out 
in Peru showed a,total carotene content 
in fresh storage-root samples that ranged 
front0.03 mg/100gto 9.14 mg/l(X)g fresh 
weight in 50 acccssions that had different 
flesh colors, 
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In Vitro Collection 
of Sweet Potato Germplasm 
A successful protocol that avoids the for
mation of callus has bcen developed for 
the introduction of clonal accessions into 
in vitro culture, and this method is now 
considered routine. Experiments to 
restrict growth of in vitro plantlcts have 
been conducted in collaboration with the 
Peruvian National Agrarian University 
(UNA) at La Molina, and cultures can 
nowbe stored for approximatclyone year 
without subcultures. 

More than 1,000 clonal accessions are 
now maintained in vitro. Material con
tinues to be received from outside Peru 
as part of -in IBPGR-financed project 
designed to assist national programs in 
maintaining sweet potato col!eciions in 
vitro. 

The Venezuelan International In
stitute of Higher Studies (IDEAS) in 
Caracas has agreed to maintain a dupli
cate of CIP's sweet potato in vitro collcc
tion. 
Utiliztion of 

tilizato ofSweet Potato Germ plasni 

Ploidy of hybrids between 6x sweet 
potato cultivars and 2x wild species I. 
trifida. Utilizatio-, of wild lpomoea 
species in sweet potato b,cecding began 
relatively recently. Cytological and 
genetic complications connected with 
the use of wild species in sweet potato 
breeding have stymied research in ,his 
area. Nevertheless, wild Ipomoca germ
plasm has an array of resistances that are 
not found in cultivated germplasm, par
ticularly to some species of the highly 
damaging sweet potato weevil, which is 
found worldwide. 

The following research results rcpre
sent a cytological breakthrough in the 
utilization of wild Ipomoea germplasm, 
and they demonstrate conclusively that 
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wild gerrnplasm, particularly from the 
taxonomic series Batatas, can be success-
fully manipulated fur eventual use in 
commcrcial b:ccding programs. 
Prcliminary result:- indicate that, after 
thc wild gcrmplasm has bIron sufficiently 
manipulated for use in breeding, its 
utilization will become relatively easy. 

More than 22,000 controlled pollina-
tions resulted in a total of 7.30 seeds. Due 
to the poor germinability of these seeds, 
only 250 seedlings were transplanted to 
the field. Counts of chromosome num-
bers of 242 plants identified plants with 
unexpected ploidy lcvc's. As expected, 
187 plants were tetraplod. Four of these 
hybrid plants were foLnd to be pcn-
taploid, indicating the functioning of 2n 
pollen of the 2y male parznt used in this 
cross. Forty-one prints were hcxaploid, 
which could be due to incomplete cxprcs
sion of self-incompatibility of three sweet 
potato fcmale parents, or the result of 
parthcnogcneic dcevclopmcnt of 2n eggs. 
Two plants had 105 chromosomes, which 
makcs them 7x, and this result probably 
was due to the fcriilization of2n eggs (6x) 
with normal pollen (x) (Table 1-2). 

In field studies at Lima and San 
Ramon, the tetraploid plants are being 
cvaluatcd for the potential development 
of tctraploid sweet potato cultivars and 
for the use of such 4x clones as testers of 
2x and 4x wild gcrmplasm. 

The production ofsynthetic 6x clones. 
A total of 812 axillary buds of 120 dif
ferent 1. trifida hybrids were treated with 
a colchicine so,u'ion to double the 
chromosome nunber. These hybrids had 
been derived from crosses between 4x 
and 2x I. Itifida accessions. Studies of 
pollen samples revealed 55 shoots that 
wcre producing pollen with a high degree 
of stainability. Meiosis studies have indi
cated that 23 shoots are true hcxaploids 

(6x), and 32 are triploids (3x) with 2n 
pollen production. 

Atotalofl,963controlledpollin,,tions 
among the plants that produced pollen 
with a high degree of stainability resulted 
in 220 seeds. These seeds represent a 
valuable 6xl, trifidapopulation that com
bines germplasm of many 2x and 4x L 
trifida accessions from different 
geographic regions. 

The synthetic hexaploid plants and the 
3x clones producing 2n pollen were 
crossed with sweet potato cultivars in 
7,651 controlled pollinations, and 1,126 
plump seeds were obtained. These seeds 
represent 6x hybrids that contain three 
genomes from the ciltivated sweet 
potato and three from wild L tifida. 
These hybrids will be field-evaluatcd 
during 1989. 

Table 1-2 Number of progenies with different 
ploidy leveis from 6x x 2x crosses of ipomoea 
species 

Plidy
evel 

No of 
progenies Possible origin 

4x 187 expected hybrids (3x x) 
5x I functioning of 2n pollen 

(3x - 2x) 

6x 51 parthenogenesis of 

2n eggs (6x) 
. 
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Regional and National Programs
 
Paraguay. A collecting cxpedition for 
wild species of lpomoca batataswas or-
ganizcd in six regions of Paraguay, and 47 
accessions were collcctcd and botanical 
seed harvested. The national program 
collcctcd 25 distinct varieties, and 
samples were sent to Lima. 

Uganda. The Uganda project to im-
prove the technological Support to sweet 
potato production has just started, with 
major activities to begin in 1989). Uganda 
is the largest producer of sweet potalocs 
in East Africa, growing an cstimatcd 
450,0()0 ha. ()bjcctives are to collect, 
classify, and distribute the best of the 
existing variciti's to farmers. Introduc-
lions will be made from sources with 
good characteristics for countrywide 
cvaluation, selection, multiplication, and 
distribulion, 

The Philippines. G(crmplasn was col
lcctcd in the Philippines to develop a 

collection for brccding purposes. The 
gcrnplasm was collected in the central 
and northern Philij'pncs, and more than 
100 accessions were maintained and 
evaluated for biotic and aliotic con
straints. 

Indonesia. Plans were initiated at the 
request of the Indonesian government to 
c. llcct sweet potato germiplasn in Irian 
Jaya, which is an important ccnt r of 
genetic diversity.This will be acollabor:,
tive effort involving the Indonesian 
government, AVRDC, IIPGR, CIP, and 
possibly IDRC. 

China. A total of 209 local sweet 
potato cultivars was collccted in 1988, 
and total accessions now equal A9). Two 
survcys of sweet potato distrIbution and 
production were made in northeast and 
southlwcst China. 

Woman selling baked sweet potato in a street of Xuzhou, China. 
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Iftw.-

Collection of sweet potato germplasm in a native market in 
Concepcion, Paraguay. 
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ThrustII 

Production and Distribution
 
of Advanced Genetic Material
 

Thrust Profile: 1989 
Attribules for resistances or tolcrances to pests, discases,and stresses were combined
with those for yield, tuber characteristics, and processing qualit. Some of these 
attributes are polygcnic and others are oligogenic. Progenitors wert systematically
evaluated and selected for high general-conbining-ability effects ior the polygenic
characlcrs. f ligh-yielding, carly-maturing clones with heat toicrance, immunity to
PVY and PVX, and rcsislance to early blight have been selected in Peru and Brazil.
Also, clones have been identified with resistance to PL.RV, imrmunity to PVY and 
PVX, high dry-maler content, and excellent processing quality (potato chips and 
french fries). 
The selections of 18 clones duplex at the PVY locus, i.e. (YYyyxxxx), plus a group

of 20 new clones simplex at the PVY and PVX locus, i.e. (YyyyXxxx), have facilitated 
the systcnialic introduclion of tIese two immtuitics into the populations oriented to 
eit her variety select ion or utilization ofTPS for seed and consumer potato production.
When iiinlcrcrosscd, the PVY-immunc duplex clones produce pro,, ny having 97.2% 
inm,,nc individuals. When these clones are outcrossed to a susceptible clone, the 
rcsuhlanl inmune progeny. When the PVY and PVX simplexprogeny have 83% 

clones are intercrosscd, 50.25,,.
of ildividuals within their progeny are immune to 
holh viruses. When1 Ihcsc clones are outcrossed to a susccptiblc clone, 25% of the
individual progenies arc immune to both viruses. To widen tlie genetic base of tlie 
virus-rcsistant materials, IPVY- and lPVX-imnimunc clones have been introduced from
Thrust II research contlracts with Corncll University (New York, USA) and the
Agricultural University (Wageningcn, Nclhcrlands). PI.RV-resislan chmos have
been inlroduccd from tie lnstitulo Nacional It,Tccnologia Agropecuaria (INTA,
Balcarce, Argentina). These clones are currently utilized in tie breeding program. 
Two geleic experiments, using a diallel maling design and a NC design I maling

design, werc cond('lLied at oth l.a Molina and San Ramon to determine parameters
of genelic variation for early-blight resistance in a lowland Iropical population. This 

ion has atributcs 
blighl; inuiiunitv to I'VY and PVX, earliness, heat tolerance, and good agronomical 
Iraits. Average narrowv-sciise hcritability estimates h2= (.50 

p p lal :thatinclude resistance to bactcrial wilt and to early and late 

were for yield andh = 0.80 for earliness. For carl'- bhht resistance, an estimate of h2 = 0.8(0 was ob
iained 55 days after transplanting, h- = 0.72 after 65 days, and i12= 0.77 after 75 days. 

I IIIIu IiL I. I% t-I,I t I k(tk ,lPIIIIIII H i 
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These results confirmed similar estimates obtained in previous years and help
e'xplain the significant progress made in combining early-blight rcsi.;tancc with earli
nes,,. 
An 8 x 8 diallel mating design was utilized to invcstigate genetic parameters for 

quarititativc varvudion in processing quality. Narrow-scnse heritability estimates ofh'=047,h - ).70, h = 0.25, and h = 0.41 were obtained for tuber yield, specific
gravity, and reducing-sugar content at 10 and 60 days after harvest. These estimates
indicated Ihal consistent progress can be expected as a result of selection, particularly
if progenitors are chosen by progeny testing. 
The population carrying a combination of several allributes, including resistance 

and tolerancc, has been widely distributed to CIP regions and national programs ii.
the form offtubers or TPS or both. In 1988, 14 developed countries and 56 developing
nations received these materials. Programs ofgermplasm evaluation and selection of 
superior clones are in progress in several national programs and in CIP regions in
Brazil, U-uguay, Tunisia, Cameroon, Pangladcsh, thc Philippines, and Vietnam. 

Potato Population l)cvelopment 
Major research objectives were to com-
hine resistances to diseases and stresses 
wit good agronomical performance, 
carlincss, and tuber quality. Progenitors 
were selected for their resistance traits 
and general combining ability ((;CA)for 
tuber yield, tuber quality, heat tolerance, 
and earliness. 

The previous year's selections of 18 
PVY-immunc duplex genotypes (i.e. 
YYyyxxxx), as well as a group of 2) new 
clones simplex for both PVY and PVX 
immunities (i.e. YyyyXxxx), facilitated 
the introduction of these two immunities 

into advanced populations. These im-
munitics were combined with existing at-
ributcs, including resistances. Sinplcx 
gcnolypcs for both PVY and PVX im-
munitics, combined with heat tolerance 
and earliness (i.e. YyyyXxxx x Yyyy-
Xxxx), were mated in a group of 2) eros-
ses. 

Future selection within the progenies 
ofthese crosseswill permit the idcntifica-

tion ofgcnotypcs duplex at both loci (i.e. 
YYyyXXxx). Crosses of the PVY duplex
genotypes Itothe PVY and PVX simplex 

genotypcs will help identify PVY-triplcx 

gciolypcs (i.e. YYYy) that will produce 
progenies that are I)1'Y%immune to 
I'VY. These new progenitors should be 
available by carly 1991). (Figure 2-1) 

Ilyhridsobtaiucd in the 1988summcr
season crossing block at the Iluancayo 
Experiment Station (1,2801 combina
tions) combined several attributes 
(Table 2-1). All groups in Table 2-1 were 
assembled using mating designs that pcr
mait a conslant moniltoring olthe parcnlal 

Table 2-1 Conhiiilion of Irails including yield. 
rlis
and ilitcos or tolerances 
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Figure 2-1 Increase in phenotypic frequency for PVX & PVY irniunties at the population 
level 

value of the progenilors, and of the rcla- Table 2-2 Top-pertlonring. heat-tolerant and 
tive magnitude of the genetic variability PVY PVX-Immitile clones selected at San 
and its componclts. This infornation is Ramon Surrnmer 19813 (growirg period 90 days) 

also iniportant for cvaualing Ihc cfficicn- Cloerr Yield (Iha) Earliness" 
cy of the brceding methods and for 
making adjustmcnts. (Atlarrlc x Ylf, 007) 5 '39 3 7 

Evaluations and selections of these 007 x Atlanti:) 30 5 7(Y134 1 

materials are made at CIP headquarters ([1- x 575049) t9 24 9 5 

in Peru, and within CIP regions wherc N -8fx Y814 001)9 246 7 
regional breeders have bccn posted. It 1 C83 119) 15 239 5 

Tables 2-2 and 2-3 show top-perform- FiIIrnr!y I very late 5 rnetlJurrr 9 very 
ing clones in which traits for heat early 

tolerance and virus resistance and/or im
munity have been combined with 
medium to early maturity and high yield, Table 2-3 Top-pertorrinig. heal-tolerant, PLRV
wi!h good tuber charactcristics. resistant and PVY . PVX-irrrrnune clones grown 

Advanccdcloncsyicldingupto 24t/ha at La Molina Summer 1988 (growing period: 90 
in a growing period of 75 days, have been days) 

selected in other cxperintls with Clone Yrid it ha) Earliness" 
similar materials further selected for car-
Iiness. (Pitola x L1-9) 13 403 5 

Genctic experiments at San Ramon, (Utatlan 69 1 x 7XY 1) 9 35 7 7 
Peru examined parameters of genetic (Serrmma x 7XY 1)2 353 3 
variation in two populations. One cxpcri- IL1-8 x Atlantrc) 9 24.6 7 

ment used a 9 x 9 diallcl maling dcsign to (T8 x Katahdfn) 7 21 7 7 

conlbine resistance [o bacterial wil, ltela t5 "Earliness 1 very modrum 9 very 
blight and early blight; immunity to PVY ,arly 
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and PVX, earliness, hcat tolerance; and 
good agronomical traits. The second 
population was assembled in a North 
Carolina mating design I (10 male clones 
each mated to a random sample of 5 
females). In both experiments, narrow-
sense hcritability cstimatcs were high [Or

2yield (h = .50)and for earliness 
(h2 =.80). For carly-blight resistance, an 
estimate of h2 

=01.80 was obtaincd 55 
days after planting, j2 =0.72 after 05 
days, and h =0.77 after 75 days. These 
medium- to high-icritabilily estimates 
have perniitted the rapid introduclio.,, of 
early-blight resistance into the early-
maturing population adapted to the 
warm and hot tropics. This population 
also carries a medium Icvtl of resistance 
to late blight and immunity to PVY and 
PVX, and has good agronomical traits, 
These materials also have bccn success-
fully used in other developing countries. 
(Uruguay, Brazil, and tlc Philippines). 

Of 1,437 clones Icstcd for late-blight 
resistance in the field at Rio Negro, 
Colombia, 128 were selected at harvest, 
The same set of 1,437 clones was tested 
in Toluca., Mexico, and the data arc being 
analyzed. 

Trials to study the stability of resis-
lance to late blight arc under way in some 
CIP regions. iowcvcr, tie selected 
matcrialscontlain iajorgcncs in addition 
to horizontal resistance. In sonic regions, 
horizontal resistance may be difficult to 
assess if compatible races arc not present 
to overcome the resistance of R genes. 
Rcsults of a trial conductcd in I luanuco, 
Peru are underscoring this problcm, 
showing that the highest-yielding clones, 
including one of the controls (Atzimba), 
were not infected by late blight. This in-
dicatcs that the local isolates do not have 
the complex races to overconie the resis-
lance provided by Rgenes in sonie clones 
(including the control Atziniba). low-

2.
 

ever, the local control Revolucion .vas 
severely attacked early in the growing 
season. 

Research in tropical countries has 
made substantial progress in developing 
populations and clones with good 
processing characteristics for the fast
food industry (french fries and chips).
Clones wit hadcquatc spccificgravityand 
low rcducing-sugar content were 
selected at boti San Ramon and La 
Molina during the summer season. The 
yield of these selected clones ranged 
from 25 t/ha to .3 t/ha. 

An 8 x8 diallcl mating design, includ
ing reciprocal crosses, )ermitted the 
study of quantitative variation for 
processing characteristics, i.e. specific 
gravity and reducing-sugar content. In 
one evaluation at La Molina, narrow
sense heritability estimates were 
112= 0.47 for tuber yield, h2 = 0.70 for 
specific gra y, and h2 =0.25 for rcduc
ing-sugar content 10 days after harvest. 
The estimate obtained for reducing
sugar content 60 days after harvest was2• 

h =0.41 (storing the tubers at room 
temperature, ±25) C). These estimates 
indicate thai additive genetic variability 
is medium fo high for all these traits and 
that sclectio,, should provide consistent 
progress. 

In the diallel experir7 'nt, no rccipro
cal effects were found. This suggests that 
the direction of the hybridization would 
not alter the mean progeny pcrformanrice. 
In addition, among the 8 progenitors uti
lizcd in this experiment, the CIP clones 
LT-7 and TS-2 showcdanability to trans
mit to their progenies the traits of high 
yield, adequate specific gravity, and low 
reducing-sugar content ait10 and 6() days 
after harvest. This finding is important 
because, normally, in hot environments 
the specific gravity is drastically reduced. 
In contrast, for example, the variety 



Table 2-4. Top-selected clones for processing attributes from an early-maturing, heat-tolerant and 
PLRV-, PVY and PVX-resistant population. 

Clone 

1B-71-240 2 x 7XY.1).026 
(Serrana x LT-9)041 
(Serrana x LT-9).052 
(Serrana x LT-9).057 
(BR-63.15 x 7XY.1).102 

lBzura x LT-9).105 
(Bzura x LT-9) 109 

DM Dry matter SG Specific gravity RS 

DM SG RS Attribute 

23.1 1.085 1.66 Chips 
23.5 1.093 2.20 Chips 
24.0 1.096 2.33 Chips 
20.9 1.084 2.00 French fries 
22.9 1.090 1.00 Chips 
25.7 1.106 1.66 Chips 
25.8 1.100 2.00 French fries 

Reducing sugars
1 0%, 2 1%.,3 .25..4 .50. 5 21. or more 
Less than 3 is adequate. 

Katahdinl from the USA transmitted low 
yield, low specific gravily and very low 
reducing sugars. 

In 1988, a sample of itI)hcat-lolcrant, 
early-niaturing, I'lRV-rcsistant, and 
PVY- and I'VX-i mune clones was 
evaluated for processing attributes and 
for french-frying and chipping abilities. 
These clones had becn exposed to virus 
infect ion during four seasons. In a field 
trial at lea (300 km south of Lima), 43 
clones were selected as potentially good 
for processing (Table 2-4). Thcy also had 
excellent agronomical attributes and 
virus resistance. 

A sample of CIP's pathogen-tested 
clones was evaluated for processing 

'Nie-Potato-Sed Research 
Two cxperimenls were conducted at San 
Rarmon and Iluan cayo to study early 
growth characteristics: root length, 
hypocolyl length, length of first intcr-
node, and nitmber of intcrnodcs. 
Measures of these characteristics were 
analy/cd with those for reproductive and 
agronomical traits (obtained during the 
growing period and at harvest). Multiple 
correlation analysis showed low associa-
tions. This findingsuggcsts that selection 
of superior progenies should not be 

quality at San Ramon. The clone 720091 
(Mcx-32) was found to be excellent for 
making french fries, while the clones 
800943 (Saturna), 676014 (CFC-69.1), 
720111 (Aracy), 720119 (Espcranza), 
and 8()956 (Shuang Fcng) showed good 
qualities for making chips. 

In evaluations of selected clones at La 
Molina and San Ranmon (summer 
season), excellent results werc obtained 
from clones from the progenies of the 
CIP progenitors LT-7 and TS-1, crossed 
to the European varieties Cleopatra, 
Aphrodite, Bernicf, and Altcma and the 
CIP BL-2.5 and BL-2.9. 

based solely on evaluations of their per
forrmance at the early stages ofgrowth. 

These two experiments, which used a 
North Caroiina mating design 11 (20 
-malcsand20 females dislribulcd in 5 sets 
of 4 x 4 progenitors), also obtained es
timates for sonic reproductive and 
agronomical trait. (Table 2-5). Some of 
these traits have high heritability, which 
accounts for the rapid progress in im
proving them. 
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Experiments utilizing 4x-2x crosses 
conducted at San Ramon and Iluancayo 
evaluated the parental value of diploid 
clones produciag 2n pollen in their 
hybrid combina,ions with telraploid 
clones. The results of tie expcriments 
indicated that diploid cloncs will 
produce latcr-maturing progenies that 
perform better under favorable condi-
tions (iluancayo). Furthermore, the 
progeny performance of the 4x-2x 
matings depends heavily on which 
tctraploid female progenitor is used. 

The stress conditions at San Ranioll 
strongly affected the agronomical and 
reproductive characteristics. These 
rcsults suggest that selection of the 
diploid populations should focus on 
adaptation and agronomical traits to 
enable selection of l)ctlcr progcnitors. 
This emphasis would maximize the 
Ihcoretical potential of the 4x-2x breed-
ing approach. 

At San Ramon and La Molina, studies 
were made of the cytoplasmic effects on 
reproductive and agronomical charac-
tcristics of TPS progenies. In a sample of 
24 progenies, 12 reciprocal pairs were 
compared for 14 characteristics. Pcrfor-

nificantly superior to others, regardless 
of the direction of the cross. However, 
there were no differences within cach 
individual pair of rcciprocal crosses, in
dicating that reciprocal effects were in
significant in the population that was 
analyzed. 
Maiteace, Multiplication 

and i)istribution or 
I1athogen-Tested Materials 
The following materials are now avail
able from the CIP pathogen-testcd list: 
227 advanced cultivars and varieties, plus 
22 in the cleanup proccss; and 139 acces
sions from native and wild germplasm, 
plus 6 in the cleanup process. 

Ten sweet potato cultivars are now in 
the process of therniolthcrapy, the first 
stage of cleanup for this crop. 

TPS production in Chile during 1987 
and 1988 produced the highest yields to 
date, approximately 31 kg of usable seed 
from 6 progenies. 

Potato genetic materials in various 
forms were distributed to 14 developed 
counties and 56 developing countries. 
(Table 2-6). 
R 
Regional Girmlasn Evaluation 

mancs amng
nances among hc 121 reciprocalrccproai pairspirsprogenies,In some of whicha samplecombined AIthe Brazil. May, 1987, of 37 
clearly differed, indicating that certain peie som andwviru remine werIet,'raia solani and virus resistance, were 
combinations of progenies are sig- introduced from CIP-Lina. Sedlings 

Iable 2-5 IletiLrlility estimartres foir I'S Italts were transplanted to pots in the green
hom the NC Ur.qiq i1 experimetrrl ovlue d at house and the tubers obtained were used 
,,II,,,,rin d,FI ,irr ,iyoI1988) during the following season for a prelimi-
1,,Ii: nary field evaluation. The best progenieswere Atlantic x NDD 277.2, Atlantic x 
I'ljnts ifuvesf 0 12 TS-2, Maine-28 xTS-2, Maine-47 x TS-2, 
Yield rI11 0 55 Y-84.(X)4 x NDD 277.2, and LT-9 x NDD 
No of tubers jlkli 04.1 277.2. The average percentage of selec
[mi,es' 023 tion in these progenies was extremely 

D).ys tofliwer,,r 0 63 high at 49%. Both TS-2 and NDD 277.2 
Flk rn Inntensity 0 30 
Style en(rnqtl051 are excellent progenitors. 
Pollnrmlductrrn 0 43 Seventy-three clones selected the pre

vious year were evaluated in 1988 for 
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Table 2-6. Distribution1 of germplason. 1988. 

Clones In Vitro In Vitro Tuber TPS TPS 
Plantlets Tuberlels Family Progeny

Region Units Accs Units Accs Units Accs, Units Accs, Units Accs. Units Accs. 

- (14) 583 69 589 284 0 0 
I (10) 3731 565 517 108 235 4j 
II (12) 3,153 402 275 111 485 12 
I1 (11) 4000 391 .102 153 550 19 
IV(5) 3205 208 0 0 0 0 
V (3) 1527 178 0 0 0 0 
VI (6) 1194 47 317 156 0 0 
VII (8) 2233 152 74 37 0 0 
Vill (1) 0 0 48 24 0 0 

Total 70 19926 2015 2222 876 1270 35 

yield performance, tuber characteristics, 
and resistance toA solani. Twelve clones 
showed early maturity, good yield and 
tuber characteristics and 25% foliar 
damage or lcss caused by the fungus. The 
progenitors of most of these clones were 
Scrrana and NDD 277.2. 

Thirty-four progenics combining 
PVY immunity with other resistances 
(LB and EB) were inoculated at the sccd-
ling stage with the PVY n and PVY0 

strains. On average, tIhe segregation ratio 
was near to the expected, 1susceptil)le to 
I immune. The immune-selected gcno-
types will be further tested for yield and 
tuber characteristics, 

Uruguay. Seventy virus-resistant 
clones from several gcrmplasm introduc-
tions of the 1982 to 1984 seasons were 
evaluated at the CIAAB experiment sta-
tion at Las Brujas for virus symptoms and 
at the Salto station for yield. Twcnty-four 
clones revealed neither mosaic nor leaf 
roll symptoms and their yields ranged 
from 0.5 kg/plant to 1.5 kg/plant. Many of 
the selected clones had the clone 7XY.1 
as progenitor. 

Tunisia. Dtiring 1985-1986, evalua-
tion and selection of germplasm with 
virus resistance permitted the selection 

3366 29 19082 2,45 17435 35 
10963 3,15 71120 361 257700 164 

1109 42 0 0 44000 13 
7791 362 29995 189 39200 26 
8877 227 14200 71 124600 105 
2058 71 0 0 166000 54 
2425 41 6600 51 3791500 102 
2072 65 '2545 254 613800 137 

0 0 0 0 0 0 

38661 1182 1835,12 1171 5211150 636 

of 8 clones which were planted in 100-hill 
plots for the 1988 Tunisian variety trial. 
Yields of these virus-resistant clones 
ranged from 428 g/plant to 721 g/plant 
while the chek Spunta yielded 772 
g/plant. These clones will be introduced 
to the Tunisian variety trials in 1989 in 
1(X)-hill plots with 4 replications. 

From the virus-rcsistant tuber families 
introduced in early 1988, 45 clones were 
selected for further evaluation. The CIP 
clone LT-8 is progenitor of 60% of the 
selected clones. This clone is early
maturing, heat-tolerant, and PVY- and 
PVX-immune. This confirms the 
evidence of the good parental value of the 
clone, as indicated in earlier results from 
Peru, Uruguay, and Bangladesh. 

Cameroon. Ninety-five late blight
resistant clones from CIP-Lima were 
planted at the Upper Farm (2,(X)0 m) for 
multiplication and evaluation. The ptants 
were not protected and the late-blight 
epiphytotics were very severe. Seventy
eight clones had a final late blight-resis
tance score of 4 (25% foliar damage or 
less), and 14 clom;s had yields of more 
than 1kg/plant. 

Thirty-three heat-tolerant, early
maturing, virus-resistant tuber families 
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(with a total of 834 genotypes) received 
from Lima, were planted at Upper Farm. 
Selection was for yield, tuber charac-
teristics, and maturity, and 144 clones 
wcrc rctaincd. Progcnies from the paren-
tal clone 7XY.I had the highest yields. 

Bangladesh. A sample of 3,822 gen-
olypcs (belonging to 21 tuber families) 
rcceivcd from CIP-Lima, were tested for 
performance agaiu,;t locally-cultivated 
commercial varieties used as checks. 
These materials were selected for high 
yield, earliness, hcat tolerance, rcsistan-
ccs to PLRV, bacterial wilt, and late 
blight, and immunity to PVY and PVX. 
In all but two progenies, the pcrccntagc 
of selection at- harvest was high (up to 
45% ).Thc best progenies were Serrana x 
I.T-7, B71-240.2 x 5750)492, 179.636.1 x 
LT-9, and B79.6.,.1 x575(49. 

Another set of 3,S tuber families, con
sisting of 2,425 genotypes, immune to 
PVY or PVY + PVX, were planted late 
in the season to expose thcm to the peak 
aphid season in order to provide an ade-
quate sclectin pressure against PLRV 
and other viruses. In spite of the late 
planting, a number of genotypes gave
yields

Evaluationof 5(u) g/plant.
F C2 clones: Theseof 

niErials were selcted from single hills 
in e87. A tol ofseece2 coines grouped
in1987. wcf 
into 24 progenies were field-evinuated 

24 prons W2clnesvgrouapd 

high percentage of selected gcnotypes 
from their progenies. 

Evaluation of Fi C3 clones: This ma
terial, consisting of 91 clones, has been 
studied for the last three years. From 
these clones, 37 were sclcctcd for their 
consistent good performancc and other 
economic characteristics. Eleven of the 
37 clones were considered to be out
standing in comparisons made with 
European varieties (Table 2-8). 

Evaluation or Fi C6 clones: These 
gcnotypcs introduced as tuber families 
from CIP-Lima in 1981-1982 :re in the 
final phase of selection. Fifteen of these 
clones were planted in Bangladesh in 

Table 2-7 R iq u of yieldinqabiy ofF , s
I:lteid ctIoin ; Mainsthloaij,' Bangladsh, Feb. 

([utle nt yid No of Mean Vield 
a 

Above 1000 5 !1.10 

ttbO- 100 27 840 
.00- 799') 120 598 

Ielow 500 56 373 

four locations that represent distinct 
ecological zones: Joydebpur, Chittagong,
Bogra, and Munshiganj. These clones 
were compared with the Cardinal variety;the seed stocks of the clones were in 

against thie local varietiesPatrones, and Diamant. At Cardinail,harvest, 208conlgertn6,wrasadnalnlgnrto ,weesCria 

clones were retained for yield and tuber 
characteristics. Table 2-7 shows theyieldisaics. Tabe 2soes lea 
yilding ability of these clones. 
tolerance, earliness, and disease rsis-the 
tance arc also major attributes of these 
clones. Analysis of thc field data showedthat Serrana, B71-240.2, LT-8, LT-9, 

was grown in Bangladesh only once aftercertified seed was introduced (Table 2

9). The clones had a very low dcgenera
tilion rate, maintaining a yield comparable

chck. Therefore, 
t he r han the chek Teefore, 
these lone s do the estkchanged as often as do the costly

[hill Se A.a,. B71-24. ALT-8,European cultivars that usually degen377, 
good progenitors, 

and *jine--, 
as indicated 

were 
by the 

cerate at a faster rate. Additionally, CIPhybrids have very early to medium matu

rity rates, for example, 379673.150 ma

.,2 



Table 2-8. Performance of top F, C. clones. 

Clone Pedigree Yield (t/ha) 

384068.55 CH 103209 x Atlantic 57.8 
384109.264 C83.155 x 377888.7 55.2 
384084.315 LT-7 x TS-2 51.2 
384077.184 C83.258 x Katahdin 45.8 
384078.217 C83.119 x Sto. Amor 44.1 
384093.844 (378015.17 x 377904.1).2 x Katahdin 38.1 
384081.275 377959.9 x LT-9 42.0 
384077.193 C83.258 x Katahdin 38.1 
Cardinal (main crop check) 

Patrones (early maturity check) 


turcs in 70-80 days; 379667.501, in 80 
days; and 379688.230, in 90 days. 

The Philippines. From August 1987 to 
August 1988, the Regional Redistribu-
tion & Training Center at Santa Lucia 
distributed the following pathogen-
tested germplasm to nine countries in 
CIP regions VI, VII and VIII: in vitro 
plantlets (102 units), tuberlets (8,380 
units), stem cuttings (600 units), and TPS 
(633,300 units), 

Fifteen tuber families with earliness, 
heat tolerance, early-blight resistance, 
and some with PVY and/or PVX im-
munity, were field-tested at Canlubang 
(150 m). There was little early-blight in-
fec!ion. The best-adapted families were 
385380 (378676.6 x AVRDC 1287.19), 

32.3 
21.1 

386466 (Maine-47 x C83.119) and 386180 
(Maine-47 x 7XY.1). The selected 
materials will be evaluated for early
blight resistance in a trial including the 
appropriate checks. 

In the Philippine highlands, several 
trials with advanced genetic materials as 
clones and tuber families were con
ducted to evaluate late-blight resistance. 
A group of clones previously selected for 
late-blight resistance at Sayangan, Atok 
was tested at La Trinidad. Yields were 
variable, but the resistance to late blight 
was usually higher than that of the well
adapted varieties used as checks. 

A set of 16 tuber families originating 
from CIP-Lima was tested under severe, 
late-blight attack at La Trinidad. Some of 

Table 2-9. Advanced regional trials at four locations in Bangladesh, February 1988. 

Yield (f/ha) and Location 

Clone Joydebpur Chittagong Bogra Munshiganj 

379673.151 17.6 19.1 - 12.7 
379667.501 17.4 14.2 30.0 14.4 
379688.230 15.3 11.6 29.8 17.5 
Cardinal 15.7 18.9 28.6 15.1 
,79667.421 16.9 - 28.4 19.7 
379673.150 12.8 11.1 28.1 16.0 
B71.240.2 
(CIP 720088) 14.4 8.4 23.3 9.4 
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these families arc early maturing and, in 
spilte of bcing almost as susceptible as the 
check, thcir yields were bcltcr or equal. 
This was probably due to an earlier and 
faster )ulking taking place bcfore the 
foliage had bccn drastically damaged by 
the fungus. 

A set of 25 clones was tested for late-
Might resistanice against two well-
adapted varieties used as checks. Both 
the yields and tlie resistancc levels of ClP 
clones were superior to Cosima and 
(;ranola. 

A sample of 20 advanced clones from 
the ('11 breeding program and check 
varictiis was tested itCanlubaig for 
yield, earliness, and carly-blighl resis-
lance. Although the damage caused by 
early blight was severe in the three 
highlIs-yiClding clones, their respective 
yields were higher and their size larger 
Ihan those of thc check Cosima. This 
suggests thait a rapid tuhcr bulking took 

place, which pcrmittcd the attainment of 
high yields in spite of the foliar damage 
byAltemaria. 

After two seasons of field testing for 
yield and tuber characteristics, a set of 
317 ficld-selected cloncs was evaluated 
for tubcr-sccd quality, following 9 
months in diffused-light storage (DLS). 
The DLS had minimum Icmperatures 
ranging from 21.5( C 1o 21.9)o C and max
imum temperaturcs ranging from 2830 C 
to 31.8o C. After the DLS storage, 155 of 
the 317 clones were retained for field 
testing. At harvest, 53 clones (34%) wcre 
selected for yield and tuber charac
tcristics (Table 2-10). Thc performance 
of lie best-yiclding clones isremarkable, 
c(nsidering that he tuber sced had been 
stored at high teimperatures. The ability 
to maintain high tubcr-sccd quality after 
extended storage is an important at
tribute that significantly facilitates polato 
production intlie hot lowlands. 

Table 2-10 thber yields ofthe best 10 ('10110s 01t1of 155 ildvnced Clores 
(P1)OIII)I spirit . l)e rtmer 31, 19837 to April 8i. 1988 

Cloinesr 
Culivalrs t}rrrdlqree17v) 

Average 
tuber wt. 

38-.1081 ;' 317959 1 x , 1-7 83 
38.1)3I),1 378(015 '15 x 3780 bulk 57 
H,191 I 1 :477t337WMI77tMtt7 17)d I- 7))1 6R 

3.91063li ; Ct10:3209 x Atlantic 66 
38t,11069311 3/M676 G x Atlantic 51 
; ,W; SeuriI x DI033 66 
383.110.1 13 / C-i:2-F96 x 37790,1i10 112 
21,1.1-, Serrri x DT 0-33 52 
:33, /1)0 l9 Alirlm x NDI)-277 2 35 
.11/3: 65-ZA-S x 378015 18 42 
Serhmr (check) 86 

rhorlrrrr (chteck) 55 
C(orina (chrrr:k) 50 

Cir,mrrt nrrrn 56 
I S) ( 1!)) 15 

I ,l1hlt1'yI vely ll. 5 rrred(iIumn.9 very early 

3.4 

arnd culivars at Canlubang 

Yield 
(Iha Earliness 

367 5 
31 7 5 

309 7 

29 2 6 

27.9 5 

27.3 5 

24.7 7 

24.1 6 

22.9 7 

22.9 5 

18.5 7 

17.3 7 

144 8 

18.7 6 

3.0 NS 



A second set of 199 clones from CII'-
Lina TPS progenies was ficld-sclcccd at 
Canlubang and segregated for resistan-
ccs to late and early blight, bacterial wilt, 
PLRV, PVY, and PVX. This set was 
tcstcd after 9 months of DLS storage, and 
155 clones were retaincd and planted in 
the field. The five highest-yielding clones 
were 385.89.5 (Mcx 750815 x AVRDC 
1287.19), 50.4 t/ha; 385306.5 (Bzura xLT-
)), 42.5 t/ha; 3853(k.2 (Bzura x LT-9), 
41.5 t/ha; 385376.9 (C83.119 x AVRDC 
1287.19), 41.2 t/ha; and 384556.6 (Atzini-
ha x AVRI)C 1287.19), 40.7 t/ha. Check 
yields wcrc low: 1-71-24).2, 20 t/ha; Scr-
rana, 10.3 t/ha; and l)csirce, 14.7 t/ha. 

A set of 66 PVY-immunc clones from 
('IP-Lima tuber families was sclcctcd at 
Canlubang for heat tolcrance, earliness 
and tuber characteristics. Thcse clones 
were storcd in D)S for 9 monthsand 417 
of them were cvaluatcd under field con-
ditions. 'T'he yields of these clones were 
very high (32.4 t/ha-39.6 t/ha) in spite of 
their early malurity, and all clones had 
higher yields than did checks B71-24).2 

the progenitors LT-7, Scrrana, Atlantic, 
and 378015.16 (TS-2), which are charac
tcrized by a high general combining 
ability for yield, heat tolerancc, and good 
tuber characteristics. The clone LT-7 is 
also capable of maintaining good tuber
seed quality after 9 months in DL.S. The 
clone apparently transmits this desirable 
attribute to its progenies. 

A set of promising clones and cultivars 
was tcsted at Canlubangand Santa Lucia 
for tuber yield, dry-matter content, and 
chipping and frying quality. The CIP' 
clones LT-7,378597. ,: 1ex-32,.380584.3; 
and the cultivar Atlantic received the 
highest ratings. The two clones with the 
highest yields were ['[-7 and Atlantic. 
The results indicale that it is possible to 
produce good quality raw malcrials for 
both french frying and c ipping, evei 

under hot conditions. This call be 
achieved either by testing existing cul
tivars or, better still, by selecting clones 
that, in addition to good adaltation and 
tuber quality, carry rcsistanrce or 
tolerance to sonic of the most important

mnd Scrrana, but not higher than C'1)biotic or abiotic stresses. 
clone LT. 

The pcdigrecs of the top-periforming 
clones presented in Table 2-10 include 
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Thrust I
 

Control of Bacterial and Fungal Diseases 
Thrust Profile: 1989 

Research advances included higher levels of resistance to bacterial wilt (Pscttdo
tmonas solanac'ann),reduced incidence of latent infection, geater ficquency of 

rcsistance in the potato breeding population, and higher yields. Breeding work has 
1,gun to develop some levels of resistance in FlPS families. In China, Iwo Cl P clones 
wcrc selected for breeding for wilt rcsistance, and extensive trials were begun for two 
otlher clones. 
The University of Wisconsin research contract continued to identify new, stable 

sources of resistance by exposing () previously selected accessions to three P. 
solanaceantnstrains. The highest levels of resistance to these strains were found in 
Solanum acauh' (PI 498183, 498178, 498081); S. commnersoni (Pi 320267); and S. 
dhmissuuj (Pi 175423). Stldics of rcsistance to . solanaccanim, using a tissue culture 
system, demonstrated Ihat virulence and hypersensitive response genes are located 
in the same DNA region and are closely linked. 

Baicterial soft rot of tubers (Erviniaspp.) at harvest was significantly lower in plots
where calcium sulphate was applied prior to tr ,nsplanting of T'S families, and the 
harvested tubers were more resistant to E. chrt'anthl'niin inoculation tests. Plantings 
with sced tubers demonsirat lcd that potlato-clne effects had more influence than did 
calcium application effects on soft rot induced o:i tubers after harvest. Resistance to 
soft rot was confirmed in two of (he six clones sel.:cted the previous year, and screening 
for resistance to bolh soft rot and blackleg was initiatcd with 64 clones. Interactions 
of Erwinia and fungal pat hogens were also nroted. 

Race 0 of Phqioplathora infstans was used to screen for horizontal latc-blight
resistance, and a complex race was used to screen for horizontal resistance in the 
presence of R genes for vertical rcsistancc. Field screening was done in I luanuco, 
Peru, in collaboration with staff of the National Potal '; Program (INIAA). At 
It uancayo, Peru, 16 selected latc-blight-rcsistant clones were 1)rogeny-tested to 
determine the general combining ability for tuber yield and the best parents were 
selected to continue the crossing program. 

FL111ll 11hfLt.ll10i Bllratm' it] 1i1v 
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Early-maturing, early-blight resistant clones were identified at La Molina and San 
Ramon. Seedling screening for early blight will continue in the field at San Ramon 
using artificial inoculation. PVY immunity has bcen incorporated into the breeding
population. Of 113 clones from the pathogen-tested list, 30 were shown to be resistant 
to early bight at San Ramon. 
Scven of 77 clones from tie pathogcn-tcsted list were found to be resistant to 

Vcrticillium wilt. In anothcr screening expcrimcnt, five of 72 clones showed resistance 
to powdery scab. Among seven treatments for chemical control of soilborne 
patlogcns at San Ramon, the two providing the best control were Busan 1020 + 
APCiA and Methyl bromide. 

Bacterial Wilt Disease of Potato 
Breeding for 

Resistance to Bacterial Wilt 
Peru. The large, highly variable popula-
[ion of tctraploid bacterial wilt-resistant 
material continued to be evaluatcd and 
hield-tcstcd under different cnvironmcn-
lal conditions, and in the greenhouse at 
Lima. (;rcnhousc tests concentrated on 
the detection of resistance to Pseudo-
monas solanaceanon. Two high-yielding 
,'locs,13WL-87.105 and BWIl-87.446, 
were highly resistant to infection and did 
not show latent infection when tested in 
warm environments (.'A)(C to 32() C). 

Their average yields were 0.84 kg/plant
for clone BWL-87.105 and 0.74 kg/plant 
for clone BWIt-87.446. These clones are 
being evaluated for their parental value 
and are being considered for incorpora
tion into CIP's palhogcn-lcstcd collec
tion for distribution. 

In another trial, 43 selected clones 
with a yield average of approximately I 
kg/plant were evaluated for wilting in the 
field and for latent tuber infection after 
harvest (Table 3-1). Eight clones showed 
neither field symptoms nor latent infec
tion, whereas the remaining 35 clones 

Adull Andean weevil inlecled by Iicaure',a s). jmi Idet'hlilioll, 



showed both, at levels ranging between Table 3-1. Newly developed potato clones se
1% and 50%. Within this group, 5 yielded 
nearly 1kg per plant. Controls (cv. Yun-

gay) had bacterial wilt and latent infec-
tion levels varying between 20% and 
100%. Further trials are being conducted 
to confirm these results. 

Greenhouse screening of seedling 
populations showed that a new popula-
tion screened last year produced be-
tween 38% and 65% of resistant 
genotypes per progeny for race 1, and 
between 30% and 70% of resistant 
genotypes for race 3. Survvors of this 
evaluation were intercrossed and 72families from the resulting progenies 

were tested in 1988. As a result of the 
intercrossing, resistance frequencies in-
creased to between 75% and 95% per 
progeny for race 1, and to between 30% 
and 84% for race 3. A second screening 
test will check these results. 

Of256 clones tested in the greenhouse
for resistance to strain 204 of race 3, 48 
(18.8%) were resistant. Between (A% 
and 1(X)% of bacterial wilt was observed 
after inoculation of these resistant 
clones, three of which were totally unaf-
fected. Of 2.30 different clones screened 
against strain 235 of race 1,84 (30.5%) 
had levels of resistance ranging from 60% 
to l(X)% of wilt-free plants pcr clone. 
Eight of these clones remained 100% 
wilt-free. 

A new group of 353 clones has been 
highly selected for yield and agronomic 
characteristics and will now begin field 
and greenhouse selections for resistance 
to wilt "nd latent infection. In a yield trial 
at La M.lina, 285 clones with a yield of 
between 0.8 kg and 2.5 kg per plant were 
selected for further trials from among027 
clones with proven resistance, excellent 
agronomic characteristics, and strong 
heterosis. However, only 4.2% of 5,880 

lected for their yield and high levels of resistance 
to bacterial wilt". This material was grown under 
conditions of natural infestation in a farmer's
field at Obraje, Carhuaz, Ancash Department, 
Peru at 2,810 m'. 
.............. Total yied Number Yield/
 

Clone of 3repeti- of plants plant
nurber tions in kg harvested in kg 
n n 
1 BWS-87.2 16.4 15 1.09
2 BWS-87.21 16.2 15 1.083 BWS-87.23 10.5 9 1.16 
4 BWL-87.10 10.6 10 1.06 
5 BWH-87.38 15.4 15 1.026 BWH-87.105 12.0 12 1.00 
7 BWH-87.134 14.7 12 1.22 
8 BWH-87.172 11.6 10 1.169 BWH-87.203 15.0 15 1.0010 BWH-87.211 7.8 6 1.3011 BWH-87.233 12.0 11 1.0912 BWH-87.236 9.2 9 1.02 

13 BWH-87.247 14.6 12 1.21 
14 BWH-87.250 8.0 8 1.00 
15 BWH-87.257 10.5 1.0516 BWH-87.271 1016.0 15 1.0617 BWH-87.289 17.5 15 1.16 
18 BWH-87.291 15.2 15 1.01
19 BWH-87.296 12.3 12 1.0220 BWH-87.305 14.4 12 1.20 
21 BWH-87.315 11.0 9 1.22
22 BWH-87.332 13.4 12 1.11 
23 BWH-87.354 9.9 9 1.10 
24 BWH-87.364 10.8 8 1.35 
25 BWH-87.365 9.0 9 1.0026 BWH-87.366 10.0 8 1.25 
27 BWH-87.368 13.7 12 1.14
 
28 BWH.87.383 12.0 11 1.09
29 BWH-87.389 17.7 15 1.18
 
30 BWH-87.432 16.0 15 1.06
 
31 BWH-87.446 14.0 12 1.16
32 BWH-87.464 15.0 15 1.00
33 BWH-87.466 10.2 9 1.13 
34 BWH-87.473 9.9 9 1.10
35 BWH-87.487 8.1 8 1.0136 BWH-87.489 10.9 9 1.21 
37 BWH-87.511 12.0 10 1.20 
38 BWH-87.515 10.2 9 1.13 
39 BWH-87.517 13.8 12 1.1540 BWH-87.534 9.3 8 1.1641 BWH-87.535 11.0 10 1.10 
42 BWH-87.541 13.3 12 1.15
 
13 382296.106 14.0 12 1.16
 

"Percentage 	 ofwilling inthe field: 
- Inresistant Ltqtclones: 0-40%. 
- n susceptible ci(ck: 20-100%
 
,Five tubers clot were with
per e interplanted live 

tubers of the susceptihb, check, the Peruvian variety
"Yungay".
Number of repetitions 3 in Randomized Corn

plete Block design.
These selected clones are now being further evalu
ated for latent infection or resistance to wilt. 
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seedlings from recent crosses were 
selected for further trials, since climatic 
factors had sevcrely rctardcd secdling 
growth and vigor, 

From a total of 373 clones selected 
from a TPS population during the 
1986/87growingseason at I luancayo, 315 
clones (84.4%) were selected for their 
yield (ranging from I kg to 2.53 kg per 
plant) and their excellent agronomic 
characteristic.s. Iligh levels of resistance 
to bactcrial wilt, rcgardlcss of the race of 
P. solanaccanin,were demonstrated in 
106(iof the selected clones during a severe 
greenhouse tesl.Thc resistance levels oh-
served against race 3 (strain 2(4) ranged 
from 7I, to 100% of wilt-free in-
dividuals in 28 clones (5 clones remaining 
100% wilt-frcc). In the other 78 clones, 
the same resistance levels (70% to 10M% 
of wilt-free individuals) were observed in 
tests against strain 235 of race I (1t resis-
tat clones remaining lMIX, of wilt-frec). 

in San Ramon, 27 clones (35,) were 
selected for BW resistance in combina-
tion with earliness (W,)days), front a total 
of 70 clones. During the rainy season of 
1987/88, 54 TPS families were evaluated 
and 320 clones selected with yields rang-
ing from 0l.43 kg to 1.25 kg per plant. 
When these clones were tested for latent 
infection, two families were found to be 
completely free, 14 famnilies showed 
latcnt infection in between 1%and 5% of 
harvested tubers, and 38 families hadrangs. ) ,.Resistance ofupt 
ranges (f up to 30%. 

Integrated Control of Bacterial Wilt 
Peru. As part of a new project to identify 
components for integrated control of 
baclcrial wilt, scrccnhouse experiments 
were conducted at San Ramon to study 
tie cffcct of soil amendments on the the 
incidence of the disease. Amendment 
mixtures containg urea, quick-lime, and 
composts of coffee pulp and sugar cane 

bagasse, were incorporated into steril
izcd soil that was then inoculated with P. 
solanaceanim(Biovar 1,race 1).The rate 
of incorporation was 1% (by weight). 
When potato seedlings of a susceptible 
family (Atzimba x R 128.6) were 
transplanted into the soil one month 
later, tie incidence of bacterial wilt was 
19%, compared with 95% in amended 
soil. Field experiments are in progress to 
study the practical value of these find
ings. 

To study the effect of crop rotation on 
the survival of soilborne P.solanaceanon 
(race 1), experiments were conducted 
under field conditions in San Ramon. 
Different rotation crops were planted in 
heavily infested soil in five replicated 
blocks. Tie populat ion of 1. 
sola:aceanun in samples of rhizosphcre 
soil was estimated monthly by dilution 
plating on Granada's selective medium. 
Two months after planting, 1R 
solanaccanuncould not be detected with 
this method in the rhizosphcre of maize, 
field bean, cowpea, and sorghum, but it 
was detected in soils from the crotalaria, 
sweet potato, we-ld-fallow, and bare-fal
low plots. After three months, the bac
teria could be detcctcd in only one plot 
of sweet potato, thus the rhizosphcres of 
these crops do not appear to promote 
growth of the potato pathogen thalt would 
contribute to its maintenance in soil. 

to P solaiiaccartin 
bred into TPS Families. 

Peru. The feasibility of coiducting seed
ling screening tests to determine resis
tance to bacterial wilt in TPS families was 
studied tinder scrcenhouse condilions in 
San Ramon. Standard methodology was 
used. For each progeny, 3 trays contain
ingapproximately 5t seedlings cach were 
inoctilaed with a locally-isolated virulent 
strain of Pseudononas solanaceantu 
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(Biovar 1, race 1). A total of 3 separate 
tests was made on 28 progenies from 14 
crosses and their reciprocals from the 
TPS breeding program. When the 
progenies were evaluated 28 days after 
inoculation, the percentage of wilting did 
not differ among replicates of the same 
progenies. Progenies from reciprocal 
crosses between the same two 
progcnitors did not differ in percentage 
of wilting, except in one case during the 
third evaluation. t lowever, significant 
differences in wilting incidence were 
detected among different progenies. 
The total disease incidence varied among 
the 3 evaluations, with mean perceniages 
of wilting measured at 33%, 49%, and 
54%, respectively, 

When progenies were ranked accord-
ing to frequency of susceptible 
gnotypes, no correlation was observed 
between the relative behavior of each 
progeny on different evaluation dates, 
Genetic variation among seed lots of the 
same progeny did not explain this 
phenomenon, because results from rcpl i-
cate lots of each progenywere similar for 
each evaluation. It was assumed that dif-
ferenices in screnhouse environmental
ferncin screenos evtironmea 
conditions betweenevaluations were 
responsible for the differences in wilting 
incidence and disease intensities, 

Similar results were observed when an 
additional 12 families were tested at each 
of the evaluation periods. Since effective 
screening isessential to a successful im-
provcmcnt program, future rzscarch will 
examine factors affecting this process, 
both in the greenhouse and in the field, 
New Sources of Resistance 
To identify new, stable sources of resis-
tancc to bacterial wilt, more than 60 ac-
cessions, previously rated as highly 
resistant, were retested at the University 
of Wisconsin by stem inoculation with 

threestrainsofP.solanaceanm.Because 
one of the isolates used was the highly 
virulcnt Mexican strain S276, survival 
rates were lower than in the previous 
tests. The highest levels of resistance to 
the three strains were found in Solanuin 
acaule PI 498183, 498178, and 498081; S. 
cominersoni Pi 320267; and S. detnissuln 
PI 175423. Survivors are now being used 
as sources of resistance in protoplast 
fusion experiments with S. tuberosuin 
subsp. tuberosuin cultivars. 
Studies of Resistance to Bacterial Wilt 
At the-University-of-Wisconsin, a tissue
culture system is being used to study bac
terial wilt resistance. The research 
ficuses on the physiology and genetics of 

the hypersensitive response induced in 
tissue cultures ofS. phureja. Progress has 
been made in c!oning genes of the strain 
BI that control the production of a 60 kd 
protein. This protein, produced by the 
bacterium when it conies into contact 
with plant cells, appears to cause the 
browning and death of potatocells. Two 
Tn 5 mutants have been used (BJA34 
from strain BI and KD 8 from strain 
from whic do n cause the hprn
KOO), which do not cause the hypersensi
tive response in callus tissues or intact 
plants and which do not produce the 60 
Kd protein. In these two mutants, Tn 5 is 
inserted in the same EcoRI DNA frag-

When the cloned fragment from 
BJA34, pT34, was transformed into 
strain K60, all of the Km-resistant and 
Amp-sensitive transformants carried the 
fragment containing the Tn 5 instead of 
the wild-type fragment. The fragment ex
hibited the same DNA hybridization pat
tern as does BJA34. With pT.34 as a 
probe, the corresponding wild-type frag
ment was identified in a K60 genomic 
library, and was then subcloned and con
jugated into K60transformants. All of the 
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transconjugants rcstored the virulence 
and positive hypersensitive response 
phenotyl of K60. These results suggest
that the virulence and hypersensitive 
response genes are located in the same 
DNA region (hrp)and arc closely linked. 

Next, saturation mutagencsiswas con-
ducted on the 7.0 kb fragment, using Tn 
5-Iac, which contains a promoter-less lac 
gene that enables it to be used as a 
reporter for induction of DNA transcrip-
tin.When the mutants were tested for 
hypersensitive response and virulence, 
two separate regions were evident: one 
(1.5 kb) controls both virulence and IIR; 
the other (1 kb) affects only virulence, 
The direction of transcription in these 
two regions has been cstablishcd. In ad-
dition, it was found that plant extracts 
induce the 1.5 hrp region at levels two to 
three times higher than background 
levels. This region is of particular interest 
because it appears to control production 
of the (4) kb protein thai also is induced 
by plant tissues. The I .,kb region is now 
king studied to see if it contains the gene 
that codes for the (4) kb protein. If this is 
determined, the next steps will be to: 1) 

establish the limits of the gene by further 
Tn 5 mutagenesis and 2) obtain the 
nucleotide sequence of the gene. 

Studies of this type, which provide the 
plant pathologist with specific informa
tion on host-pathogen interactions, will 
ixtentially lead to the development of 
alternative strategies for plant breeding,
biological control, and pathogen iden
tification. 

Burundi. Control of bacterial wilt 
continues to be the major research ema
phasis. The symptomless carriers with 
latent infection are of special interest. 
Four apparently tolerant clones arc
 
being stored in diffused light at 28o C -
32o C to test for latent infection. 

Seed crop studies have shown that 
removal of a diseased plant and its two 
adjacent neighbors reduces both the in
cidence of bacterial wilt during the 
season and the percentage of rotten 
tubers at harvest. Efforts will be made to 
introduce this type of roguing in all seed
production units. 

China. For the last three years, clones 
8XY)28 (MS42.3) and 8(Y)35 (MS-IC.2) 
have been found to be resistant to race 3 

Establishment and multiplication of flvat-v'ria titrc lichlcmirtitlom . 
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of P.solanacearumatstationsat Penxian, total of 64 advanced clones were 
Sichuan Province and at Enshi, Hubci 
Province. These two clones are being 
used as parents crossed with local cul-
tivars at the Potato Center, southern 
China and at the CAAS Institute of Plant 
Protection. Two other clones, 377852.2 
and .381(Ai4.8, have proven moderately 
resistant to wilt at the Pcnxian and Enshi 
stations and have produced high yields of 
1,3%X) g and 1,965 g per hill in Zhangbei 
County, llubci Province. After further 
adaptation trials, these clones will be 
proposed for introductio, into the local 
potato production. 

The Philippines. A large scale breed-
ing and evaluation program continues in 
Mindanao in collaboration with the 
Philippine Department of Agriculture. A 

Bacterial Soft Rot and Blackleg of 

evaluated for bacterial wilt and Erwinia 
resistance, adaptation, and yield. Six of 
these clones have now been sent to PRI 
for clean up. 

Clones with a combined resistance 
from four wild species continue to be 
evaluated with promising results. Follow
ing selection for adaptation under hot 
lowland conditions, the clones are now 
being screened for BW resistance. 
Promising clones also were selected from 
localcrosses.Erwiniaspp. is becoming an 
increasingly important problem. A cross 
between 381 O6.7 and 378597.1 (Envinia
resistant parent) has given several 
promising clones with both bacterial wilt 
and Ervinia resistance. 

.tato__._. 
Effect of Calcium in plots with higher calcium applications
Peru. The effect of calcium nutrition on (Table 3-3). 
the incidence of Erwinia diseases during I Icalthy tuber yield average increased 
produclion and storage of ptmxatocs from to 19.56 t/ha with the highest application 
TPS was further studied in San Ramon. 
Calcium sulphate was applied in the rowbefo~re ti'ansplanting and incorporated Table 3-2. Pathogens isolaed from wiling potoe ti tthe compund fcorrtier lato transplants from the field in San Ramon durgither with the compound fertilizer1988 
used. When potato seedlings (Atzimba x 
R 12X6 and Atziniba x DT033) were 
transplanted in a randomized block 
design with four different levels of cal-
cium application, the number of plants 
with above-ground symptoms did not 
vary significantly with the calcium treat-
ment. 

Table 3-2 shows the causal agents of 
stem diseases in the field, where 11.6% of 
post-transplant losses were due to non-
pathogenic causes such as insect damage 
and environmental stress. At harvest, the 
number of plants with soft-rotting 
progeny tubers and the total percentage 
of rotting tubers were significantly lower 

Frequency of 
Pathogen isolaion 

. 
Erwinia chrysanthom (Echr) 25.5
 
Erwlna carotovora ssp


carotovora (Fcc) 12.8Farn (EYSPO12.8 
Eus,'rium oxysporinFusarum solani 8.52.1 

Pythium sp. 4.2 
Rhlzoctonia solarn 2.1 
Sclerotimn rollsit 2.1 
Ecc i F oxysporum 2.1 
Ecc R solani 2.1 
Ecc i F oxysporum i S. rolsii 2.1 
Echr Fusannum sp. 2.1 
Echr F oxysporum 2.1 
Other-.. .. 31.6causes 

43 



rate of 2,240 kg/ha of calcium sulphate. 
Application of 1,493 kg/ha resultcd in a 
yield of 17 05 kg/ha; an applicat ion of 747 
kg/ha resulted in a yield of 15.85 kg/ha. 
Soft rot then was induced in harvested 
tubers by inoculation through sublmcr-
sion in a suspension of Erwinia chrysan-
hein and anaerobic incubation at 250 C 
for four days. These results confirmed 
earlier findings that tubers treated with 
the highest levels of calcium in the field 

Table 3-3 Effect f calciuM sulphate nutrition 
on Ithe incidence of Erwitia disreases in cio,)!, 
prodce fronttrue polato seedi i Sai Ril 

uring the rainy seaso 198 'cool 

Calium sulphate rale kq ha 

Diseases 0 747 1.493 2,24,0 

Plans with soft
rotted tubers 14 8f 15 25 13 50 9 31
idharvest ; a t c 

Soft rot by w,2;qi. 527 4 06 3 63 30 1 
at harv, ; a b bc C 

•Cmiim i,,,oas for 2 P , xflies (Atimiha
14t2 ,6 and Atina x D10 33) 
Numtmers followeid by the saimt letter are not Sil 
iicaitly differeit, according to Durica', rn ilplo 

range lost (1' 005) 

Table 3-4 Percentage weight of :;nft-rotted tissue 
froi harvested tuebers, ,4 days after soft-rot in-
duction (((ean of 30 tubers), when harvested 
from plots with different rates of fertilization with 
';aSO, 

Application rate of CaSO., 
(k(I ha) 

Atzirnba x DIO 33 16 79 39 37 33 19 P6 38 

Alzmba x R128 6 5587 SS39' 40 72 3203 


Average 51 3a 47 38a 36 95b 29 20c 

' Numbe)(rs lollowe~d by lh(v %a'rn( l11orsi,,imamity acc to ltterasare, 1 I(ldtoloerhl, mmdio ((itplel]

aililmI,lt (I, 005) 

were significantly more resistant to soft 
rot (Table 3-4). 

Studies also werc made of the effect of 
calcium nutrition during potato produc
lion from seed tubers. Calcium sulphate 
was broadcast over the field and incor
poratcd at a rate of 18 t/ha prior to plant
ing of seed tubers of several cullivars. 
Susceplibility to soft rot was found to be 
influenced more by the cultivar variety 
than by calcium treatment. ()nly for the 
cultivar Dcsirce did calcium treatment 
significantly increase tuber resistance 
during the dry season. The use of calcium 
has been shown to increase Envinia resis
tance in both tropical (San Ranon) and 

(W isconsin) climates. Future 

studies should take place at other loca
tions with an added socioeconomic com
ponent. 

Resistance Selection
Peru. Recent reports suggest that Er
winia is increasing in importance in
several regions. Thus studies have been 

made of the range of susceptibililyamong
the germplasm distributed from CIP.
 
Screening of 106 oato clones from the
 

pot
 
pathogen-tested list was done to deter
mine their relative susceptibility to bac
terial soft rot caused by Erwinia
 
chry.sanlheni. Test tubers were field
grown and stored in diffused light in 
lluancayo and then screened four 
months later using the vacuum infiltra
tion method (see Annual Report, 1988). 

After 5 days of incubation at 25o C and
Il(X)% RI-, the relative susceptibility of 
each clone was rated according to themean incidence of rotting in replicated 
tuber samples. Of 6 clones that showed 
resistance in tests during the previous 
year, only 2 (Up-to-date and DGY-73) 
again showed resistance. Of 21 clonesthat showed susceptibility the previous 
year, 20 were again rated as susceptible. 
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lnconsisencies are probably due to dif-
ferences in the water potential of tubers, 
which are least variable immediately 
after harvest, 

Sprouted tubers of 64 potato clones 
,.0 latently infected artificially by 
vacuum infiltration in a suspension of E. 
clysanthei containing 100 colony-
forming units (CFU) per ml and then 
air-dried for 48 %ours at 250 C. lnocu-
latcd tubers were planted in sterilized 
soil in pots in the scrccnhouse, under 
m,)rc natural conditions than the pre-
viously desc, ibed testing, and monitored 
over a 'W-day growing period. The rela-
tive susceptibility of each clone was then 
rated according to the mean number of 
plants in replicated samples that dcve-
loped symptoms of either soft rot or 
blackleg. Clones showing a low relative 
susceptibility to blackleg or soft rot will 
be retested to confirm their resistance. 

Interaction of Fungal 
and Bacterial l)iseases in Potatoes 
At San Ramon, short rotations have 
rc uhed in severe losses of potato plants 
in the pre- and post-emergence stages. A 
wide range of fungi and bacteria have 
been isolated from wilting plants and rot-
ting tubers (Fusariu,,' solani, Fusarium 
o.x'spontl, Pvthium splendeiu, Macro-
phomina phascoli, Rhizoctonia solani, 
Pseudomonas solanaceanum, Erwinia 
carotovora spp. carotovora and Erwinia 
clursanlthemi), although their relative im-
portance was not clear. Thus, the 
pathogens were tested in the screen-
house to determine their pathogenicity 
and, in some combinations, their in-
creascd potency asa result of interaction. 
Sterile compost was infested by adding 
the homogcnate of an agar culture of 
each fungal pathogen. Bacterial 
pathogens were added directly to the 
compost in aqueous suspensions contain-

ing 10 CFU per ml at a rate of 20 ml per 
kg of compost, and 35-day-old potato 
seedlings (Atzimba x DTO-33) were then 
transplanted directly into the inoculated 
soil in pots. Wilting was monitored in 
three samples of 10 transplants per 
pathogen and the proportion of rotten 
progeny tubers was determined after 12 
weeks. 

Only P. solanaceanim, R. solani, and 
Pythium sp. induced wilting. Fungal wilt
ing was induced within I week after 
transplanting, whereas bacterial wilt was 
not observed unil several weeks later. P. 
solanaceanim and R. solani were most 
frequently isolated in the field. 

At harvest, all pathogens had induced 
tuber rotting and could be recovred 
from infected tubers. By far the most 
damaging pathogen was P. 
solanaceanim, which was isolated from 
71.4% of tubers. Other damaging 

pathogens included Pythium splendens 
(.38.0%); Fusarium spp. (26.2%); Macro
phoinina phaseoli (24.6%) and Erwinia 
spp. (13%). 

Wounding of stored, well-cured, 
potato tubers was essential for in vitro 
infection by Pythiutn spledens and 
Fusarium spp., and it significantly in
creased the amount of infection by M. 
phaseoli. Bacterial soft rot was not in
duced when tubers with latent Ervinia 
infection were incubated at 50 C and 85% 
RH for 7 days. However, interaction with 
fungal pathogens was demonstrated and 
soft-rot symptoms were particularly 
severe when P.splendens and A.phascoli 
were inoculated into tubers following ar
tificial latent infection with Erwinia 
chryranlheimi. 
Fungal Diseases 
of Potato Late light 
In 1988, 51,676 seedlings were screened 
against simple race 0 and an isolate of 
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complex race 1, 2, 3, 4, 5, 6, 7, 10, 11 of 
Phytophthora infestans. Approximately 
3,000 seedlings survived the test against 
each race. Race 0 was used to identify 
individual plants from these populations 
that had no R genes for resistance, but 
that showed some level of horizontal 
resistance. These plants will be screened 
against the complex race and also will be 
tested under field conditions in Colom-
bia and Mexico, where there are high 
levels of inoculum pressure. 

Clones screened with the complex 
race will follow the International Testing 
Scheme for clonal selection, in combina-
(ion with screening for earliness and 
other desirable agronomic characters. 
This scheme is now being improved to 
provide a more reliable test. The effects 
of R genes in the genetic material will be 
neutralized by inoculation with the com-
plcx race to allow for selection of true 
horizontal resistance. 

Field Testing for Late-Blight 

Resistance under Local Conditions 

Testing under local conditions at 
Iluanuco is being done in collaboration 
with the National Potato Program to pro-
vide advanced genetic material for 
variety development in Peru. Evaluations 
were made of a total of 375 clones, of 
which 10 were arranged in a simple 10 x 
10 lattice. The more resistant clones were 
infected only slightly. The frequency dis-
tribution of clones clearly shows that the 
majority have R genes that are not com-
patible with local isolates of P. infestans, 
thus limiting the evaluation ofhorizontal 
resistance. 

Progeny Testing for Tuber 
Yield of Late-Blight Resistant Cl1ones__ 
Sixteen clones selected through the In-
tcrnational Testing Scheme were 
progeny-tested for tuber yield at Huan-
cayo, using a line x tester design. Some 

clones showed good ability to transmit 
their yield potential. Similar progenies 
were sent for late-blight testing in 
Mexico, however, findings have not yet 
been reported. 

Selection of parents based on combin
ing ability for yield and resistance to late
blight is becoming a routine procedure in 
CIP's breeding schemes. 

The Philippines. Breeding and selec
tion efforts for late-blight resistance con
tinue in a collaborative effort between 
CIP and the Northern Philippine Root-
Crop Research and Training Center at 
La Trinidad. Recurrent scledqion work 
on populations initially received from 
Lima has provided improved yields and 
adaptation while maintaining LB resis
tance. The next set of advanced clones is 
now ready for on-farm, multi-locational 
trials. 

Two outstanding clones, 1-1085 (CIP 
67089) variety Sita in Sri Lanka, and 
1-1039 (CIP 676008), have been en
thusiastically adopted by farmers. Unfor
tunately, theSitavarietylost its resistance 
two years after introduction. Because its 
resistance was mainly due to vulnerable 
major genes, ikwas overcome by changes 
in the pathogen. The same vulnerability 
could occur with both of these "-" clones 
in the Philippines. 
Early b!ight 
Peru. A sample of 31 progenies was 
evaluated for resistance to Alternaria 
solani during the summer of 1988. In
dividual genotypes were evaluated under 
greenhouse conditions at La Molina. 
Cuttings were taken from the same 
genotypes and evaluated at the adult
plant stage in the field at San Ramon. 
Although estimated correlations be
tween seedlings and adult plants based 
on individual readings for each progeny 
were not significant, they did show a 
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negative trend. The mechanisms for 
resistance in seedlings and adult planls 
may differ and probably involve a com-
plex interaction betwecn growth stage 
and pathogen. Clones LT-8 x ,78676.6, 
LT-8 x575049, India 1039 x378867.6, and 
PW.49 x BL-2.9 were consistently rc;is-
tant to/t. solani and were early-maturing 
at La Molina and San Ramon. 
Two field trials for chemical control of 

early blight in the carly-maturing cullivar 
DTO-33 were conducted at San Ramon, 
Pcru. )uring the winter season, the best 
control was achieved with Euparcn + 
l)ithanc N45. During the summer 
season, Euparcn + Dithane M45 and 
Dyrcne + Dithanc M45 reduced foliar 
infection and increased yields. 

At San Ramon, 113 cultivars from the 
pathogcn-testcd list were evaluated 

IA. 

Pow(Idiry Scab, -h t / I/I'h / I 4/Il 

under field conditions. Of these, 30 cul
tivars were evaluated as resistant, 24 as 
moderately resistant, and 59 as suscep
lible 80 days after planting. In most of fie 
cultivars, resistance was correlated with 
lateness. 

Uruguay. The 12 clones remaining 
from the 47 introduced from CIP in 1985 
were planted in two regions in late 1988. 
Two clones were selected and have been 
included in regional trials; one is being 
grown in vitro. From the 225 clones intro
duccd in 1987, approxiinatAy 13% have 
been selected. These were exposed to 
early blight in northeast Uruguay in early 
1988. True seed of the best progenies 
were received from CIP in 1988, and 
tuber families arc being produced in 
greenhouses for field planting in late 
1989. 

47 



Soilborne Pathoens 
Verticillium Wilt (Vricillium dahaliae) 
Clones from the CIP pathogen-tested list 
were evaluated for resistance to V.dai-
liae under greenhouse conditions at La 
Molina. Procedurcs were reported in the 
1988 Annual Report. Of 77 clones, 7 were 
rated as resistant, 19 as moderately resis-
tant, and 51 as susceptiile. The resistant 
cultivars were CGN-69.1, Scscni, P7, 
Chata Blanca, CUP 199, 703279, and 
M EX 750058. 

Powdery Scab 
(SPongosporasubterranea) 
In collaboration with The National 
Potato Program of Peru (PIPA) and the 
University of Cuzco, a field trial was es-
tablished in naturally infested soil to 
evaluate 72 clones from the pathogen-
tested list. Based on percentages of in-
fcecd tubers and sevcrity of infection, 
the clones Gabricla, Puebla, G-8142.6, 
Albina, and (-80041.7 were rated as 
resistant. During the second season the 

No. p)lants surviving
 
per plo
 

50 

30
 

clone Gabricla showed resistance under 
field conditions at Cuzco. 
Chemical Control 
ofSoilbornePatiogens . . 
A chemical trial to control soilborne 
pathogens (Rhizoctonia solani, Pyihium 
spp., Fusarium spp., Macrophonlila 
phaseoli,Erwiniaspp. and Pseudoinonas 
solanaceanon) was conducted at San 
Ramon in naturally infested soil where 
potatoes had been plantcd for three con
secutive seasons. Of the seven treatments 
tested, the two providing the best conirol 
were Busan 1020 + AtPCA and Methyl 
bromide. Only 2.8% of the plants in the 
contre! plots survived (Fig. 3-1). Bac
terial wilt (P. solanaccanun) was the 
most damaging disease, killing 70% of 
the plants. 
Incidence orWilt and Fungal 
Pathogens on Roots of Potato in the 
Centrallighlands of Peru . . 
A total of 683 stem samples with varying 
amounts of wilt and 582 tubers with 

" . '............
..
 

20 usan 1020 APCA 
-Methyl bromide 

. . .. "Basamid 
10 Not fumigated-I ... S- it ra p e x Busan 1020
- . '--.,.......t . 

------ Calcium hypochlorile 

March 9 March 23 April 5 April 21 May 10 

March 16 March 30 April 14 April 28 

Evaluation date 

Figure 3-1. Survival of transplants (Alzirnba x R 128.6) in plois treated with various fumigants 
to control soilborne pathogens in San Ramon (1988). 
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various symptoms of rot were collected 
from three important petato-producing 
zones in the central highlands: Comas, 
Iluasahuasi, and the Mantaro Valley. 

The pathogens isolated from stem 
samples were Fusarium sp. (18.74%), 
Vericillitwn sp. (13.03%), Phytophthora 
eiythroseptica (2.14%) and Rhizoclonia 
sp. (1.17%). Fsaium sp. was the 
pathogen most frequently isolated in 
Comas and the Mantaro Valley, whereas 
the most common pathogen in Huasa-
huasi was Verticilliutm sp. 

The pathogens isolated from tubers 
were Fusarium sp.(23.53%), P.infestans 
(17.18%), P.eythroseptica(14.43%), and 
Pythhtn sp. (1.54%). 

S '14 

AW. .4V, 

Field screening for resistance to bacterial wilt. 
BR69.84 (right), San Ramon. 

Healthy tubers were collected from 
each field immediately after harvest to 
determine levels of latent infection. 

Fusarium sp. was the fungus most fre
quently isolated (6.6%) from 823 tubers, 
followed by P. erythroseptica (0.72%), 
Verticillium sp.(0.24%), and Pythhum 
sp.(0.12%). In all three zones studied, 
Fusarium sp. was the most commonly 
isolated, from either wilt, rot, or latent 
infection; thus it is the most widespread 
pathogen in the Peruvian Andes. 

The study also showed that Pythitm 
sp. was found in various areas of the 
central Peruvian highlands. Inoculation 
with this organism caused watery rot in 
tubers. 

Susceptible cv. Rosita (left), resistant clone 
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Thrust IV
 

Control of Virus and Virus-Like Diseases 

Thrust Profile: 1989 
In studies of the multifactorial resistance to PLRV in potato, antibiosis and an
tixcnosis were examined as components ofthe resistance to aphid vectors. The feeding
behavior of aphids was analyzed using an electronic feeding monitor on selected 
cultivars. Afyzuspersicae exhibited antixcnosis in clones Pirola, MEX 32, B71.240.2, 
CFK 69.1, Montsama, and DTO-33, whereas antibiosis was detected only in acces
sions of Solaumt neocardenasii.In tests of cv. Mariva, for example, all aphids tested 
found the phloem rapidly, and fed at length. However, on cv. Tomasa Condemayta, 
only a few Af. persicae and Macrosiphum euphorbiaeaphids found and fed on the 
phloem. 
The genetic resistance to PVY was studied in haploids from resistant clones derived 

from ssp. andigenaand from S. stolonifen.n. Progenies of their crosses with FDR 2n 
pollen from clones susceptible to PVY also were studied. Both sources of resistance 
were shown to have two non-allelic genes involved in the resistance. Results also 
indicated that environmental conditions modified the expression of the gene for 
hypersensitivity. These findings provide a better understanding of the deviations from 
expected ratios, observed in screening for resistance to PVY. 

Two PLRV isolates from the Andean region did not react with 10 monoclonal 
antibodies produced against a PLRV isolate developed in Britain, whereas other CIP 
isolates showed a varied range of reaction intensities in the ELISA tests. The 
discovery of a broad-spectrum, anti-PVY monoclonal antibody (MA C-9) suggested 
that PVY strains having the common cpitope recognized by MA C-9 are widespread
in potatoes. By using MA against PVX, the PVX isolates from different countries 
could be classified into two scrogroups and two serotypes. Serotype PVX0 is common 
in North, Central and South America, and in Europe, Bangladesh and India. Serotype 
PVXA has been detected only in Peru and Boliia. Polyvalent or simultaneous 
detection of potato viruses can be done easily with NCM-ELISA. Both DAS-ELISA 
and NCM-ELISA are being used successfully in several cooperative institutions in 
China to detect potato viruses in seed-production and quality-control programs. 
Production of anti-anti-idiotypes was investigated as a way to facilitate production 

ofselected virus antisera. Probes have been developed for detection ofSPFMV, PVX, 
PVY, PLRV, and APLV, and a non-radioactive kit has been developed for detection 
of PSTV. 

I iii i.Iu Jp.Ipringi sLuclow* 

l - ;llioll.
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Fourteen isolates of SPFMV in CIP's germplasm collection have been compared
with strains reported elsewhere. Four previously undescribed sweet potato viruses 
are being identified and characterized. In greenhouse experiments, PSTV was found 
to infect sweet potato cv. Paramonguino by sap inoculation. 
Methods ':ave been developed to search for resistance to sweet potato viruses and 

sonic accessionls in CIP's germplasm collection have remained free of SPFMV after 
several attempts to infect them. 

Resistance to Viruses 
The development of cultivars that resist 
or are immune to viral infections should 
provide farmers in developing countries 
with the most effective method for con-
trolling virus diseases. Substantial 
progress has been made in recent years 
on the development of cultivars immune 
to PVX and/or PVY. Tiffs success was 
possible because the immunities are con-
trolled bya single dominant gene foreach 

virus. Current studies on resistance to 
these two viruses are directed to finding 
better parental lines, to understanding 
the basic genetic characteristics of the 
genes for immunity, and to determining 
the stability of resistant genotypes under 
field conditions. 

Even though a relatively high degree 
of resistance to PLRV has been found in 
a few cultivars, more studies are needed 

j&6' 

Feeding behavior of Macrosiphum euphorbiae in resistant cv. Tomasa Condemayta (left photo) 
and in susceptible cv. LT-1 (right photo). Note stylet (arrow) in the phloem bundle in LT-1 and 
across the leat in Tomasa Condemayta 
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to understand the general mechanisms of 
the resistance to PLRV and especially to 
th, aphid vectors, 

Components of the 
Resistance to PLRV 

Report, 1988). Tolerance to PLRV can 
be observed in LT-1, which does not 
show severe symptoms even though it 
carries a relatively high concentration of 

.. ..... 

Previous research has identified multi-
factorial components in the resistance to 
PLRV in potato, and some of these fac-
tors have been identified in potato 
genotypes. Resistance to virus multi-
plication seems to occur. ior example, in 
Solariun acaule OCH 13823, where the 
virus exhibits limited replication and ac-
cumulation in the plant tissue. The resis-
tance to infection can be identified bythe 
ability of a particular genotype to escape
infection under conditions of high in-
oculum pressure. Such resistance is 
found, for example, in the clone Mariva, 
where it is overcome by previous infec-
tion with PVX or PVY (see Annual 

Studies in 1988 examined resistance in 
the form of antibiosis and antixenosis to 
the aphid vectors. Table 4-1 lists the 
results of the experirwents to identify 
clones from the CIP pathogen-tested list 
with these components. These results in
dicated that Myzus persicae shows no 
preference (antixenosis) for clones 
Pirola, MEX 32, B71.240.2, CFK 69.1, 
Montsama and DTO-33. However, an
tibiosis could not be detected in any of 
the clones, except S. neocardenasii. 

The methodology commonly used for 
demonstrating resistance to PLRV infec
tion isbased on inoculation using PLRV
carrying aphids. Thus it becomes difficult 

Table 4-1. Survival and mulliplication of M. persicae in some selected potato clones. 

CIP number Clone 

72011 Aracy 
800953 Bzura 
379706.27 LT-9 

S. neocardenasii 
575049 CFK-69.1 
800969 Lemni russet 
676025 AGB 69.1 
800957 Pirola 
720091 MEX-32 
720088 B71,240.2 
800310 Cosima 
720084 CFK 69.1 
720049 Montsama 
800174 DTO-33 
800944 65-346-19 
800101 Superior 

800290 GLKS-58-1642.4 
703243 Imilla blanca 
720142 Ballenera 

average of 10 replicates. 

Number of aphids after (hours)"

24 72 240
 

10.0 11.6 22.6 
9.9 7.10 16.0 
9.9 3.1 24.1 
9.7 4.7 1.9 

10.0 13.7 28.9 
10.0 14.0 37.5 
5.1 3.3 54.9 
2.5 2.0 37.3 
3.3 2.10 34.5 
2.3 2.6 32.0 
4.3 2.9 34.9 
4.4 1.9 26.9 
1.7 1.7 26.6 
4.9 2.9 26.4 
3.8 2.4 23.9 
4.2 3.1 24.9 

3.4 3.2 30.8 
3.7 2.8 38.2 
4.4 4.4 38.0 
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to distinguish between the host's resis-
tance to the virus and the indirect resis-
tance to PLRV through resistance to 
aphids. An electronic feeding monitor 
was used to differentiate between these 
two types of resistance. 

Glasshouse observations showed that 
cv. Tomasa Condemayta isnot attractive 
to aphids. Field observations also indi-

i ot
 

cated that this cuhivar is rarely found to 
be infected with PLRV. Experiments 
were conducted to study the feeding be
havior of aphids on this cultivar, and of 
the 14 M. euphorbiaeaphids observed on 
Tomasa Condemayta, only 2 reached the 
phloem. Of the 19 M. persicae aphids 
tested, 4 reached the phloem. On th 
susceptible clone LT-9, all aphids from 

Effect of virus resistance on stability of polato clones: (upper photo) cv. Rosita. susceptible; 
and (lowet photo) cv Bzura, immune to PVX and PVY Letters indicate number of field expo
sures (A) 1 exposure at La Molina; (B) 2 exposures at La Molina; (C) 3 exposures, 1 
at Ica and 2 at La Molina; D 2 exposures, 1 each at Huancayo and La Molina: (E) 3 
exposures, 1 each at Ica. Huancayo. and La Molina; (F) 2 exposures, 1 each at Ica and 
La Molina. 
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both test species reached the phloem and 
fed longer than on the other cultivars. 

This feeding behavior also indicates 
that Mariva is resistant to the virus and 
not to the aphid, because the aphid vec-
tors (Myzus oersicae and Macrosiphum 
euphorbiae) are both capable of feeding 
on the pliloem sap. 

Studies on Psistance 
to PVX and PVIY 

Haploids from resistant clones and 
progenies of their crosses with FDR 2n 
pollen 2x clones susceptible to PVY, 
were evaluated for resistance to PVY. 

All haploids from the cv. Serrana were 
hypersensitive to PVY. Progenies 
segregated into hypersensitive and sus-
ceptible genotypes. Haploids from the 
clone XY 13.15 (V2 or CIP 375335.1) 
with immunity to PVY from S. tuberosuin 
ssp. andigena were either hypersensitive 
or immune. Of their progenies, only hy-
persensitive haploids were susceptible. 
The immune haploids segregated into 
immune, hypersensitive, and susceptible 
phenotypes. The segregated proportions 
indicate that two non-allelic genes were 
involved in resistance: one responsible 
for the immune phenotypes, and the 
other for the hypersensitive phenotypes. 
Haploids from 78C 11.5 (V3 or CIP 
378650.1) with immunity to PVY from S. 
stolonifenun were immune, low-degree 
hypersensitive, and susceptible. Their 
immune haploid progenies were immune 
or susceptible. The hypersensitive 
haploids were highly susceptible. These 
results indicate that this clone carries a 
gene for immunity, along with another 
gene for a low degree of hypersensitivity 
that is modified to yield a -usceptible 
phenotype. This again indicates that two 
non-allelic genes are involved with the 
immune and hypersensitive genotypes. 
Based on these findings, the proper 

genotypcs can be selected to improve the 
inheritance of PVY immunity at the 
diploid level. Such selection can also 
determine the relationship among the 
genes for immunity to PVY, as obtained 
from S. andigenaand S. stoloniferum.The 
findings also indicate modifications in 
the expression of the gene for hvpersen
sitivity and they clarify the causes of 
deviations from expected ratios observed 
in the screening for resistance to PVY. 

Studies also were made of the ap
propriate environmental conditions for 
the expression of the gene for hypersen
sitivity. 

Resistance to the PVXIIB strain is 
being confirmed in cultivars Bzura (CIP 
800953) and Atlantic (CIP 800827) as an 
addidonal attribute to their immunity to 
the coa..mcn strains of PVX. Preliminary 
results indicate a similar level of resis
tance in Serrana. Mechanically-inocu
lated plants were symptomless, and the 
ELISA test detected only slow virus mul
tiplication in the few plants infected. 

Development ofVirus Resistance 
Peru. Nearly 400 advanced breeding 
clones underwent a PLRV field-ex
posure trial in Ica. Observations for virus 
symptoms were made in the field 65 days 
after planting, and selection for tuber 
shape was done at harvest. 

A few clones from these selections 
with good tuber shape for processing 
were tested for their reducing-sugar con
tent, dry-matter content, and specific 
gravity (Table 4-2). These materials 
(selections from 1986, 1987, 1988) and 
another 5,000 seedlings with resistance to 
PVX and PVY from different families, 
were submitted to a PLRV field-ex
posure trial at Ica in October 1988. How
ever, the aphid-population data obtained 
in Ica for 1987 and 1988 indicated higher 
populations of Aphis gossipii and 
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Table 4-2. Specific gravity, reducing-sugar content, dry-matter content, and tuber shape of some se
lected clones resistant to PVX, PVY and PLRV, 

Specific dry Reducing Tuber 
Pedigree Clone 

B71.240.2 X7XY, 1 86004 

86006 
86010 

86026 
86066 

SERRANA X LT-9 86041 

86051 
86052 

871.240.2 X 86076 
575049 86084 

MARIVA X7XY.1 86090 

86092 
BR63.15 X 7XY.1 86102 

86103 
BZURA X LT-9 86105 

86109 

Rophalosiphum sp. than of Macrosiphum 
euphorbiaeandMyzus persicae.Thus the 
efficiency of the former aphid species as 
vectors of PLRV must be determincd. 
With Ica as a testing site, CIP can select 
for heat tolerance during the second half 
of the year. A breeding strategy to obtain 
PLRV resistance also was developed as 
shown in Fig. 4-1. Of the two populations
in Fig. 4-1, the population consisting
mostly of S. tuberositm (List A) shows 
promise for adaptation to hot, tropical,
long-day environments. This population 
contains immunity to PVX and PVY, as 
well as resistance to PLRV. 

Two experiments were conducted to 
optimize the screening method for 
PLRV resistance in seedlings. The first 
experiment compared two aphid popula-
tions to determine the optimum number 
of aphids needed for inoculating seed-
lings during screening. The second ex-
perimcnt compared glasshouse and 
field-exposure effects in screening for 

gravity matter sugar Shape 

1.087 21.84 4.00 round 
1.074 19.81 2.66 oval 
1.083 21.17 2.00 round 
1.085 23.10 1.66 round 
1.086 21.91 1.00 oval 
1.093 23.48 2.20 round 
1.087 22.15 1.33 oblong 
1.096 24.02 2.33 round 
1.086 22.18 1.33 round 
1.090 22.81 1.00 round 
1.080 22.37 3.60 round 
1.081 20.72 2.00 round 
1.089 22.87 1.00 round 
1.083 
1.106 

21.08 
25.72 

2.00 
1.66 

oblong 
round 

1.077 20.33 2.00 oblong 

PLRV resistance. In the first glasshouse
experiment, three families with different 
numbers of aphids per seedling were 
evaluated for infection with PLRV, using 
a split-plot experimental design. The 
tested progenies differed significantly 
and B72.233.5 x 7XY.1 showed the most 
resistance to PLRV. The number of 
plants infected was not correlated with 
the number of aphids used for infection. 
Therefore, a population of 15 viruliferous 
aphids per seedling was as effective as a 
population of 50 aphids per plant in test
ing for resisi'nce.These findings confirm 
the results obtained last year. 

Uruguay. Two clones selected by
CAAB from the 1986 introductions con
tinue to show excellent resistance to 
PLRV, PVY, and PVX, as well as good
agronomic characteristics. These have 
been freed of virus and are now available 
in CIP's pathogen-tested genebank.
Several crosses were made, and the 
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parcnts (the two clones mentioned) and 
the sccds of six crosses were sent to CIP. 

From introductions in 19)85 and 1986, 
14 clones wcrc selected and the 2 most 
promising were included in regicnal 
rcplicalcd trials and maintained with in 
vitro culture. Of the introductions made 
in 1987, 228 (11.7%) were rctained in the 
winter crop in the north of the country. 
The full set of 228 was plantcd for virus-
resistance trials in the spring of 1988 at 
the Las Brujas Experiment Station. 

A selection of 21 clonal cultivars from 
CIP was cvaluatcd for virus resistance 
under field conditions. B71-240.2, Pirola, 
and BR63-76 showed high levels of com
bined rcsistance to PLRV, PVY and 
PVX. 

Variability of Potato Viruses 
Variability of PLRV. The variability of 
some PLRV isolates available at CIP was 
studied in collaboration with the Scottish 
Crops Research Institute, Dundee, Scot
land (SCRI). Isolates were tested for 

Populations 

CIP Regions 
(List A) 

- Mainly S. tuberosum 

- Hot tropics, long days 

B71,74.49 12 
B77.861. I 
B79.638.1 
B71.240 2 
Serraria 
Pampeana 
Katahdin 
Pentland Crown 
Aracy 

Bzura 
104.12LB 
BL 1.5 
Mex 32 
Santo Amor 

(Already donej 

Progenitors 
x with 

(X o Y)immunity 

ILRx(X * Y)j 

-- LR x (X Y) I 

-LR x LR I 


-- LRx (X Y) I x LR 
-- L~x (X Y) x LR x(X Y) I 

Figure 4-1. Breeding strategy for PLRV resistance 

CIP-Lima 
(List B) 

- Mainly S. andigena 

phureja, tuberosum 

BR63.5 
BR63.15 
BR63.65 
CUP-199 x List A 
1-1124 
CFC 69.1 (LR x LR) 
Mariva 
Ica Nevada 

Combine X. Y & LR resistance 
Increase level of LR resistance 
if the level of resistance to PLRV is low 
Backcross 

Intercross 
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their serological reactions to 10 
monoclonal antibodies produced against 
a British isolate of PLRV. PLRV isolates 
China and 29 reacted well with the 
monoclonal antibodies tested, but iso-
lates Korea and Uruguay reacted less 
strongly, probably because of the low 
virus concentrations in the plant tissues, 
Isolates 10 and 01 from the Andean 
region did not react at all, probably be-
cause they belong to a distantly related 
antigenic PLRV. These results suggest 
the existence of serologically different 
isolates of the PLRV that might require 
the development of strain-specific an-
tiscra for routine detection of PLRV. Fu-
ture experiments will examine the 
significance of these isolates on the 
stability of resistance to PLRV so far 
obtained. 

Variability or PVX and pVY . 

NCM-ELISA tests are in progress to 
study the variability of PVX and PVY, 

Table 4-3. PVX serogroups (according to Torrance 

and to monitor the stability of the resis
tance in the germplasm being evaluated 
in the regions. The epitope recognized by 
the broad-spectrum, anti-PVY mono
clonal antibody (MA) C-9 was detected 
in 40 samples from a test plot in Florida, 
U.S.A.; in 57 samples of 17 old cultivars 
grown in Bangladesh; and in Bolivia (10 
from Cochabamba, 12 from Toralapa, 
and 18 from the Lake Titicaca Plateau). 
PVY strains having the epitope recog
nized by MA C9 have now been found in 
North, Central, and South America, and 
in Bangladesh, China, Europe, and 
Africa. Using anti-PVX MA 58, 59, and 
67, the PVX isolates detected in different 
parts of the world can be classified into 
four serogroups and two serotypes 
(Table 4-3). PVX strains with epitopes 
recognized by MA 58 and 59 are found in 
North, Central, and South America, and 
in Europe, Bangladesh, and India. PVX
isolates with these epitopes were clas

et al.) and serotypes, as determined by mono
clonal antibodies 58. 59, and 67. detected in potato by ELISA on nitrocellulose membranes (NCM-
ELISA). 

Number of 
isolates Area 

2 Bangladesh 

1 India 

4 USA 

1 Guatemala 

3 Chile 


27 Peru 
3 Peru 
1 Peru 

13 Bolivia (Lake Titicaca Plateau) 
8 Bolivia (Lake Titicaca Plateau) 
3 Bolivia (Lake Titicaca Plateau) 

15 Bolivii (Cochabamba) 
8 Bolivia (Cochabamba) 
1 Bolivia (Cochabamba) 

19 Bolivia (Toralapa) 
10 Bolivia (Toralapa) 
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Serogroup Serotype
 

I or II PVXi
 
IV PVY1
 

IV PVX)
 
IV PVX )
 
IV PVX'
 
IV PVX0
 

I or II PVX"
 
III PVXA 

I or II PVX" 
III PVXA 

IV PVXO
 
I or II PVX0
 

IV PVXO
 
III PVXA
 

I or II PVX0
 

IV PVX0
 



Virus- Antiserum mixture 
infected 

sap- X 4 Y i S X f S Xi Y 

PVY
 

PVS
 

Healthy 

Sap dilution increases from left to right. 

Figure 4-2. Polyvalent detection of potato viruses by NCM-ELISA. 

sifted as the common scrotype PVX). 
The PVX strains with epitope recognized 
by MA 67 have been detected only in 
Peru and Bolivia (Table 4-3), occurring 
mainlyintheLakeTiticacaPlateau. PVX 
isolates with this epitope were classified 

Aas Andean serotype PVX . The strain 
PVXIIiI, which breaks the immunity to 
PVX found in potato, is included in the 
PVX A serotype. Thus, unless PVXIIm is 
dispersed from its local area, stability of 
immunity to PVX appears ,obe guaran-
teed. 

Studies on the serological variability 
ofPVX have shown that, to avoid escapes 
in the detection of PVX that occur 
worldwide, an appropriate isolate must 
be used for production of the PVX an-
tiserum or of conjugates to be used in the 
direct ELISA test. Differences between 
serotypes PVXA and PVX° have also 
been shown by NASH test in collabora-
tive work between PBI, Cambridge, 
England and CIP. As a first step in select-
ing MA to monitor through the use of 
NCM-ELISA, eight MA to a British iso-
late of Peruvian Tomato Virus (PTV-p) 
obtained from the SCRI are being 
evaluated at CIP. The evaluation seeks to 

determine the importance and incidence 
of the potato strain of PTV-p in CIP's 
germplasm being tested in the regions. 
Two MA have been selected as specific 
to PTV, and they cover the broad 
spectrum of strains of PTV so far isolated 
from potato, tomato, and pepper. 

Techniques for Dia'osing 
VirusandViroid -iection 

ELISA. CIP h.;adquarters emphasized 
the NCM-ELISA (NC-ELISA in last 
year's report) to detect PVX, PVY, PVS, 
APLV, and APMV using CIP's 
polyclonal antisera. This technique is 
also reliable for detecting PVX, PVYand 
PVS in a polyvalent methodology (Fig.4
2). Preliminary results indicate that 
NCM-ELISA is slightly more sensitive 
and less susceptible to background reac
tions than is DAS-ELISA. These kits are 
also easier to prepare and transport. 
However, use of this technique to detect 
PLRV requires further study because 
PLRV virions are not adsorbed well to 
the nitrocellulose membrane with the 
procedures and buffer conditions used 
for other viruses. To detect PVY, IgG 
purified by ion exchange chromato
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graphy and/or F(ab') 2 fragments of the Research on Anti-Anti-idiotypic
antibodies should be used. Antibodies (AAI-Mab)

Studies on the detection of PVA show 
that using the F(ab') 2 fragment of PVA 
antibodies also permits the detection by
NCM-ELISA of isolates of other 
potyviruscs such as PVY and PTV. Thisrepre,;ents a great advantage in the 
detection of potyviruss in potates.
NCM-ELISA kits and protocol manuals 

were pre p a re d fo r testing un d er fie ldconditions in selected CIP Regions, 
dAS- ,od NCM-ElolSA have now been

tested and introduced in China hhrou 
testda nd ntoduced inyChina. g
a project conducted by Prof. Zhang
titling (inner Mongolia University, 
Iluhichote). DAS-ELISA is routinely 
used by national programs to dctcct all 
potato viruses in the main cultivars, and 
for quality control of secd potatoes. 

Mon(wohnal Antibodies 

Propcrly sclcctcd monoclonal antibodies 
have been shown to be more adequate 
than polyclonal antibodies for the dctec-
tion of viruscs. Tests using virus-spccific 
iionoclonal antibodies produce no back-

ground reactions and can detect all virus 
strains if the hybridoma that produces 
them has bcen selected for that purpose. 
Though the initial production of the 
monoclonal antibodies is laborious, the 
high quality of the antibodies and the 
possibility of producing unlimited 
amounts is worth the effort. 


The production of monoclonal 
 an
tibodics started with SPFMV and PLRV. 
The first fusion experiments between 
mouse sllcci cells and myclomas did not 
succeed because of toxicity problems in 
the media and toxic ion accumulation on 
glassware during stcam sterilization, 
These problems have been overcome and 
13 clones for SPFMV and nine for PLRV 
are being analyzed for their use in routine 
detection. 

(01 

NCM-LISkilandproocolmanalsvirus-specific 

ideotypic antinadies areknown to recog
nize determinants uniu th eo im
munizing antigen. In the case of plant 

us antisera, the idiotypic antilodiesare those that can recognize only the 
virus particles. CIP is attempting to
develop a procedurc 1o multiplyidiotypic 
vi p antib~odiesed ureoisfromrrs c f selectedi a dantisera. This procedure is a rapid and 
inexpensive way of producing antibodies 
for detection of viruses for which poly
clonal or monoclonal antibodics are dif
ficull to produce. For this procedure, 
rabbits must be injected with sccctcd 
idiotypic antibodies, and the antibodies 
(anli-idiotypic) so produced arc thcn 
used to reproduce the idiotypic anti
bodies (anti-anti-idiotypic).

To test this approach, monoclonal an
tibodies (MAb's) of PLRV were injected 
into rabbits to produce anti-MAb's an
tibodies (these recognize only MAb's). 
These anti-MAb's antibodies were frac
tionatcd and the F(ab') 2 fraction injected 
into new animals to produce anti-anti 
MAb's antibodies that will detect 
PLRV.Thc anti-anli MAb's produced 
can detect PLRV with the same 
spccificity of tile original MA b's. 
Monoclonal and absorbed polyclonal an
tibodies to FLRV arc being used in fur
tlicr studies of this procedure. 

Plasmid and 
Probe Development 
Virus-specific nucleic acid probes are 
being developed to search for more sen
sitive and efficient methods of virus 
detection. Reverse transcription and 
cloning procedures developed at the 
Plant Protection Institute, Beltsville, 
Maryland, have been applied successful
ly in producing ds-cDNA from PVX, 



PVY, APLV, PLRV, and SPFMV. Some 
of the clones obtained have now been 
used as probes for both virus detection 
and studies on strain relationships, 

A PVX probe (- 1200 bp long) is 
being used for analysis of PVX isolates. 
The specificityof hybridization of several 
isolates with the probe can help to con-
firm recently discovered differences 
among scrotypes. A NASH experiment 

Ctx Potato Research 
Identification of Viruses . ... . 

Sweet potato cultivars with different 
virus symptoms were collected and most 
reacted to a SPFMV antiserum, indicat-
ing that there was little serological varia-
tion. Of these, 14 variants of SPFMV 
were isolated and then infected systcmi-
cally with lpomoeanil and I. sesa.Eight 
of the variants readily induced relatively 
large numbers of local le:sions on 
Chenopodium aniaranticolorand C. 
quinoa.SP-13 and SP-22 isolates induced 
strong symptoms on L nil. Most of the 
variants induced chlorotic spots on sweet 
potato cvs. Parainonguino, Georgia Red 
and Jewel. Thus, SPFMVe isolates differ 
substantially in sonic characteristics such 
as infectivity and symptom production, 
despite their minimal serological varia-
tion. 

Studies are under way to identify four 
virus isolates, C-2, C-3, C-4, and C-5, that 
are no, serologically related to SPFMV, 
SPLV, SPMMV, or SPCV. C-2 induces 
chlorotic fine spots and vein clearing on 
L nil; however, it infects only Convol-
vulaceac plants. C-2 has a filamentous 
particle (750 to 8W) nm) and is trans-
mitted mechanically. C-3 induces 
mosaic, leaf deformation, and vein clear-
ing on L selosa, and appears to contain 
isometric particles. It is transmitted 
mechanically with difficulty, but not by 

was performed using a PVX probe 
prepared for PVX-cp isolates. The de
gree of hybridization obtained with the 
isolates 2, 8, GUA, cp, and HB confirms 
genomic differences between the 
serotypcs PVX° and PVXA. 

The NASH test and return-gel 
electrophoresis are being used by Prof. 
Zhang Heling to detect PSTV in the main 
potato cultivars. 

M. persicae. C-4 induces stunting, leaf 
deformation, and chlorotic and necrotic 
spots on L setosa. No virus particles have 
been observed. C-5 induces vein clearing 
on L nil and has filamentous particles 
(800 to 900 nm). This virus has been 
purified and an aptiscrum is being 
produced. 

Because potato viruses are common in 
CIP's field and screenhouses, they have 
been studied as a potential threat to 
sweet potatoes. Of several potato agents 
inoculated into sweet potatoes, only the 
viroid PSTV infected sweet potato cv. 
Paramonguino. In two experiments, 3 out 
of 10 plants of cv. Paramonguino became 
infected when mechanically inoculated 
with PSTV. No symptoms were observed 
in the foliage. If infectivity of PSTV is 
demonstrated in other genotypes, testing 
for PSTV will be required in routine virus 
tests at CIP and elsewhere. 
Detection of Viruses 
SPFMV has been purified at CIP and a 
polyclonal antiserum has been produced 
that can be used as the first antibody in 
DAS-ELISA. New polyclonal and 
monoclonal antibodies are being tested 
for their use in detection of SPFMV. 
SPMMV from Glasshouse Crops Re
search Institute in England is being 
purified at CIP, and a polyclonal an
tiserum is being produced. 
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[71] 	 Low virus concentration 
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1-5 6 7-8 9 10 11-12 13-14 20 38
 

days after inoculation
 

Figure 4-3. Detection of SPFMV (str. C) infection in Iponoea nil at different days after inoculation. 

The NASH test is now used to detect 
SPFMV in sweet potato plants, although 
the large amounts of latex in the plant 
tissue caused some initial difficulties. A 
simple and rapid method has been 
developed for sample preparation, using 
10xSSC and 10% formamide extraction 
buffer, and no background is found in 
healthy samples. 

The SPFMV probe (- 1100 bp long) 
is being used in the NASH test to study 
virus infection in the plant, and the 
relationship between detection 
methodology and symptom development 
has been recorded. As shown in Fig. 1-3, 
inNASHtestsoftheSPFMVinIpomoea 
nil,detection began 6 days after mechani-
cal inoculation, whereas the first 
symptoms appeared 10 to 11 days after 
inoculation. Similar tests are being made 
of . batatas after inoculation of SPFMV 
by aphids. The SPFMV probe showed a 

high specificity for strains C and C. 
However, a low detection rate for strain 
RC was obtained by using different strin
gency conditions during hybridization 
and washing. 

Other SPFMV sequences are being 
studied to find a probe with a broad range 
of detection. The non-radioactive proce
dure for detecting PSTV now used at CIP 
has also been used successfully as a "kit" 
in Kenya. 

Search for Immunity to SPFMV 
A search for immunity to SPFMV has 
begun, using accessions from the CIP 
germplasrn collection and financed in 
part through a collaborative agreement 
with the Volcani Center, Israel. SPFMV 
is widespread, thus ELISA was used to 
examine accessions for typicai symptoms 
and viral infection. SPFMV-free acces
sions were taken to the greenhouse and 
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challenge-inoculated with SPFM V-in-
fected sweet potato scions. When infec-
tion was detected, the remaining free 
plants were again challenged against 
scions infected with ipoinoeanil. Those 
plants that again remain free of SPFMV 
will be infected with SPFMV by aphids 
and grafting. Of a total of 1,(41 acces-
sions that entered the system, 30 remain 
refractory to SPFMV infection (Table 4-
4). Some of these may carry some genes 
for resistance (immunity) to SPFMV. 

Detection of virus is carried out b~y 
ELISA and/or indicator plant testing. 

In asurvey carried out in China during 
a survey/training course, no SPMMV or 
SPCV were found. Results showed that 
SPFMV and SPLV commonly occur 
together (Table 4-5). Approximately 
21% (17) of the samples contained 
viruses other than SPFMV, SPMMV, or 
SPCV. Symptoms associated with 
SPFMV included mosaic, vein clearing, 
necrotic rings, and chlorotic spots. 
Symptoms for SPLV were mosaic, crin
kling and symptomless infection 
(Table 4-5). 

Table 4-4. Search forgenelic resistance (immunity) to SPFMV in CIP germplasm accessions. 

Step" 

Symptom observation 

hosts-Id. ELISA 

t. 	 Grafting witth infected 
sweet potato 

t1.Grafting witt infected 
with SPFMV' 

Number of 
accessions 

tested 
Positive 

to SPFMV 
Accessions with 

possible resistance 

1641 1478 163 

163 34 129 

129 25 ' 104 

I. nil 
104 74" 30 

'Sequ.rit al sleps followed to determine resistance. Other steps planned are reinoculations (intection) of
survivors with ",PFMV by aphids and grafting. 
'By El ISA serology 
Ten accessions were found to be infected in the field after a new field evaluation. Therefore, they were 

eliminated 

Table 4-5. Presence of virus(es) in samples from four Chinese provinces determined by NCM-ELISA. 

Province
Virus(es) Sichuan Jiangsu Shan Dong Beijing Total 

SPFMV 5 4 2 0 11 
SPLV 1 4 4 4 13 
SPFMV and SPLV 6 18 11 4 39 
Other viruses 7 3 0 7 17 

Total 1 29 17 15 80 

SPFMV Sweet Potato Feathery Motile Virus. 
SPLV Sweet Potato Latent Virus. 
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ThrustV 

Integrated Pest Management 

Thrust Profile: 1989 
Major research objectives included identification of potato and sweet potato 
genotypes with resistance to nematode and insect pests, utilization of the resistance,
and improved non-chemical pest control methods. The potato cyst nematode breed
ing program incorporated 12 new Solanum andigenaaccessions from the CIP collec
tion, plus selected new wild sources of genotypes from other countries. In 1988, 
crosses pro&iced 17 families resistant to Globoderapalida,and clones from previous
crossing cycles (G84 to G87) were further :celected for both resistance to Globodera 
pall',I 'a and agronomic characteristics. Yicds of many selected clones exceeded those 
of 'oc..i "-heck cultivars, and some clones exhibited additional resistance to late blight
and viru. s. Advanced clones were sent o ;he national potato research program of 
Peru an'! tuber families were sent to Ecuador, Colombia, Panama, and Pakistan to 
init ite selection cycles. Resistance ant ,cmicals and biological control were studied 
as components of a Globoderapallidar ,aiagement program. 

Potato clones from different genetic backgrounds were screened for resistance to 
the root-knot nematode. These included wild and cultivated diploids, and pathogen
tested clones. Of the Peruvian sweet potato germplasm tested, 2.5% was shown to be 
highly resistant to the root-knot nematode. Organic matter was shown to increase the 
effectiveness of the nematode parasitic fungus Paecilomyces lilacinus under green
house conditions. Under field conditions, yields were increased substantially by
applications of chicken manure, aldicarb, and P.lilacinus(alone and in combination).
However, combinations of aldicarb with P. lilacinus lowered potato yields. Other 
studies focused on the extractioi. of nematoxic metabolites from selected fungi. 
Evaluations were made of the staining methods used to study the root-lesion 

nematode, Pratylenchusflakkensis, the effect of fertilizer application, and the host 
efficiency of several crops. Investigations were made of the procedures to extract 
Nacobbus aberrans eggs from infected roots. 

Six trials were conducted to identify plant resistance to the potato tuber moth under 
store conditions and in closed containers. Selected clcnes showing resistance in
cluded tetraploids, diploids, and pathogen-tested genotypes. Dust formulations of the 
granulosis virus were used to improve the control of the tuber moth. Other tuber moth 
studies investigated low-cost formulations of sex pheromones, the introduction of the 
parasitoid Copidsomadesantisi in Colombia, the seasonal occurrence of the tuber 
moth in Ethiopia and Burundi, and tuber moth control in Egypt. 

Parasniied larva of liepotato tuber miiotll I'Itthorimaeafipruh'lla. 
Iert: Pupae of (0'r;lom oma sp. {see arrow) are shown inside the 
laru-ae of Io'hrthorima'ao'prcidh,1a. 
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Studies of previously selected potato clones confirmed their resistance to the leaf 
miner fly. Other clones with glandular trichomes were selected, using Tetranychussp. 
in screening and assaying for higher levels of aphid antixenosis. In other major studies, 
species of thrips that damage lowland potatoes were identified in the Philippines.
Sweet potato clones were screened for resistance to the West Indian sweet potato
weevil. In Peru, investigations continued on the biology and seasonal occurrence of 
the major sweet potato pests and their natural enemies. 

Potato Cyst Nematode 
Screening for Resistance 

Genetic materials from three different 
sources were screened for resistance to 
races P4A and P5A of Globoderapallida, 
using the mass seedling, pot, and 
petridishtests. Inagroupof20progenies 
obtained from the crosses between wild 
species considered aspotential newsour-
ces of resistance, 15 progenies showed 
good levels of resistance to race P4A, and 
8 progenies showed resistance to race 
P5A. In other tests, 50% of the seedlings 
(2,570) from 64 families of selected resis-
tant parents showed resistance when 
tested as individual seedlings, 

A second group of materials from 
CIP's breeding program consisted of see-
dlings, tuber families, and clones that 
also incorporated viruses X and Y, and 
late-blight resistance. In screenings for 
resistance to G.pallida,38% were resis-
tant to race P4A and 30% to race PsA. 

The third group of materials came 
from breeding programs in other 
countries. This group was selected for 
resistance to G. rostochiensis and for 
other attributes. It was tested against the 
races P4A, P5A, and P6A of G. pa!!ida. 
Table 5-1 summarizes the screening test 
results. 

New Breeding~Material 

In Huancayo, Peru, 202 progenies from 
the 1988 crossing cycle (G88) were 
evaluated in a mass seedling test. Of 
these, 47 progenies were rated as highly 

resistant to P4A, 53 as resistant to P5A, 

and 17 as resistant to both races. To study 
the transmission of re, ;stance genes, 12 
new Solanum andigena-resistant acces
sions were identified and intermated. 

A total of 8,200 seedlings were 
screened, including 60 progenies from 
crosses of PCN-resistant females and 
virus-resistant males. Of the selected 
material, 893 seedlings were resistant to 
PVX 1,444 were resistant to PVY, and 54 
were resistant to both PVX and PVY. 
For use in the breeding program, CIP 
received 18 clones of wild species 
screened in Europe for multiple resis
tance to several races of G.pailidaandG. 
rostochiensis. 
roto0pefts. 

A total of 202 progenies from the first 
clonal generation (cycle G87) yielded an 
average of 37 t/ha per clone or genotype. 
A selection of 1,870 genotypes was made 
that included 24 progenies of 4x-2x cros
ses utilizing the PCN-resistant diploid 
clone 84-28-58. 
Clonal Evaluations 

A total of 826 field-selected clones from 
cycles G85 and G86 were tested for PCN 
resistance, and 285 of these were rated as 
double-resistant to races P4A and P5A.Of the selected clones planted in obser

vation plots, 148 were selected for repli
cated yield trials. The average yield of 
selected clones was 1.3 kg/plant, with 28 
clones outperforming cv. Yungay, the 
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Table 5-1. Screening for resistance to P4A and P5A races of Globodera palida in potato genetic ma
terial from different sources. Huancayo, 1988. 

Material Group 
Families (F) or 
Clones(C) Tested 

P4A 

I. Crosses of wild species 
OCH-87(F) 20 
OCH-87(C) 2570 

II. PCN breeding program 
SG-83 (C) 57 
G-83B(C) 190 
F-87 (F) 239 
GLB-87 (C) 384 
GV-87 (C) 225 
G-88 (F) 199 
G-85B(C) 259 
G-86 (C) 545 

IW. Other breeding programs 
Cornell 86 (C) 5 
Idaho 88 (C) 3 
North Ireland (C) 4 
France (C) 3 
Iwanaga 87 (C) 330 

best yielding (2 kg/plant) of the check 
cultivars. 

In Peru, INIAA helped evaluate 193 
selected clones from cycie G85. Evalua-
tions were made at two locations with 
differing ecological and technological 
characteristics: at CIP's experiment sta-
tion in Huancayo (3,280 m) and in a 
farmer's field at Umpa (3,800 in). A total 
of 50 clones were selected. However, the 
ratings of the bestclones at the two loca-
tions showed no correlation. 

Resistant selections from cycle G84 
were field-tested where different races of 
G.pallidaare prevalent at three locations 
in the Peruvian Andes: Cuzco, La Liber-
tad, and Puno. These plant populations 
generally are rated as resistant at Cuzco; 
as medium-level resistant at La Libertad 
(where race P6A is found in certain 
areas); and as susceptible at Puno, where 

PA 

Resistant Tested Resistant 

15 20 8 
1283 - 

47 67 63 
135 185 114
 
81 249 56
 

163 378 115 
75 220 83 
69 199 60 

113 248 121 
199 518 218
 

5 9 9 
0 3 0 
2 4 3 
2 3 0 

59 330 74 

the species and race spectra of PCN dif
fer from those in the other two areas. 
Combining PCN Resistance with Virus 
and Late-blight Resistance 
Two sources of virus resiiance. V2 and 
1-1039, were used, with 1-1039 shown to 
be a better parent for preserving PCN 
resistance. CIP now has 26 clones that 
have resistance to two races of PCN, as 
well as to PVY. Two clones have resis
tance to PCN, and to PVX + PVY. 

Sixty selected PCN-resistant clones 
from different cycles were crossed with 
late-blight resistant clones. A total of 87 
cones were selected for observation 
plots. 

Advanced Clones 
Advanced PCN-resistant clones were 
sent to national programs of Peru, 
Ecuador, Colombia, Panama, and Pakis
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tan. In Peru, selections have been 
reduced to one clone at Huancayo and to 
3 clones at La Libertad. The clones at La 
Libcrtad are also tolerant to late blight, 
Of the clones selected as resistant inPeru, only 30% showed resistance in 
Panama, where G. rostochiensis is found,
This finding indicates the low coin-
cidence of the races at both locations and 
the importance of increa.ed selection 
using local races of PCN. Tuber families 
sent to Ecuador, Colombia, and Pakistan 
were first selected for adaptation and, in 
Ecuador, they were further selectd for
late-blight resistance. 

Integrated PCNMasa gement 
Several tactics . re studied for the in-
tegrated control of the PCN. Of 1 clones 
that were considered to be resistant cul-
tivars, 4 were shown to reduce nematode 
populations in the field. The clone
280613.13 had the highest yield (1.2
kg/piani). Nine clones considered 
tolerant to PCN infestation were 
evaluated under conditions of high PCN 
field infestations. Two clones produced 
satisfactorily (0.7 kg/plant and 1.2 
kg/plant); when protected with 
nematicides (ald;carb), their yield in-
creased by only 10%. The maximum mul-
tiplication rate of the nematode was 3x 

PCN (G. pallida, race P4A) were deter
mined for Yungay and Maria Huanca 
cvs. in microplots. Regression lines were 
calculated for infestation level and plant 
yield.

The effects of organic and inorganic
soil amendments on nematode multi
plication and crop yields were studied in 
a field with natural infestations of PCN. 
Preliminary findings indicate that fer
tilizer applications did not affect the mul
tiplication rates of nematodes. Yields 
increased, however, particularly with the 
use of inorganic fertilizers. 

Effects of Beauveria bassiana, an in
sect parasitic fungus, were investigated in 
tests for control of G. pallida undergreenhouse conditions. The fungus af
fected both cyst and eggs, with about 50 
of the eggs infected. This fungus shows 
promise as a biocontrol agent for the 
PCN. 

Selected granular nematicides were 
incorporated at planting time into heavily
infested soil, and additional treatments 
were applied at hilling. Effects were 
evaluated on the nematode population, 
on the Andean weevil Prennotrypes spp.
damage, and on yield. Oxamyl and al
dicarb reduced the nematode popula
tions, and the addition of carbofuran at 
hilling decreased damage by the Andean

for the treated plots and 16x for the un- weevil.
 
treated plots. Damaging levels of the
 

Root-Knot Nematode 
Potato infection. The modifed scheme is basedScreening for resistance. The evaluation on an index rating of 1 to 6, with theof the root-galling index was made more indexing based on the percentage of rootreliable with a modification of resistance- infection. This procedure more preciselyscreening procedures. An index rating of takes into account the amount of root1to 5had previously been used to deter- mass.
mine the reaction of plants to M. incog- Sed of 150 progenies was evaluatednita. This procedure required an for resistance to Meloidogfne incognita inestimate of root quantity as related to a diploid population consisting of inter
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crosses of Solanum sparsipilum, S. 
chacoense, and the cultivated diploids S. 
phureja and S. stenotomurn. Resistant 
genotypes were selected and retested 
and resistance was reconfirmed in 82% 
of the genotypes (Table 5-2). In another 
test, 26 progenies from these resistant 
genotypes were crossed with highly 
selected tetraploid female clones. Two 
successive backcrosses of resistant selec-
tions were made with early heat-tolerant 
tetraploid material. From these selec-
tions, a total of 7,292 genotypes were 
evaluated for resistance to M. incognita. 
Although 7.9% of the genotypes of 19 
progenies showed good resistance, only5 
genotypes of 5 progenies were highly 
resistant. In studies of 2x-2x and 4x-2x 
crosses, resistance to M. incognita was 
transferred to an advanced 2x population 
by crossing resistant genotypes with cul-
tivated 2x clones. Selections were made 
for resistance, agronomic traits, and 
production of fi-st-division restitution 
(FDR) 2n pollen. Seedlings of 3,267 
genotypes representing 60 progenies of 
these crosses were evaluated for resis-
tance. Of the progenies derived from 4x 

(susceptible) -2x (resistant) crosses, 14% 
were classified as resistant to M. incog
nita. Approxmately 6% of the genotypes 
were resistant and 7.7% were moderately 
resistant (Table 5-2). The occurrence of 
resistant 4x progenies with S. tuberosumn 
or S. demissum cytoplasm indicates that 
S. sparsipilun cytoplasm is not essential 
for the expression of resistant genes. 

Evaluations for resistance to M. incog
nita were made on more than 7,550 see
dlings from 168 progenies of 4x - 4x TPS 
material. This material was selected ini
tially for agronomic reproduction char
acteristics, and originated from B.R. 
clones, breeding pathogen-tested 
material, and MBN. Of these seedlings, 
0.5% of the genotypes were classified as 
moderately resistant, and 0.2% as resis
tant. Table 5-2 summarizes the screening 
tests. 

Sweet Potato 
Screening for resistance. Reaction toM. 
incognitawas evaluated for 486 clones of 
tlxe cultivated sweet potato germplasm 
collected from 11 departments of Peru. 

Table 5-2. Frequency distribution of resistance and susceptibility of some diploid clones, advanced 
tetraploid progenies, 4X-2X progenies and 4X TPS progenies to Meloidogyne incognita. 

HR R MR MS S HS Tclal 

Diploid clones 231 20 27 23 5 0 306 
(selection from Percentage 75.6 6.5 8.8 7.5 1.6 0 100 
150 progenies) 

Advanced tetraploids 
(26 progenies) Seedling 5 572 417 800 5405 98 7297 

Percentage 0.1 7.8 5.7 11.6 74.1 1.3 100 
4x-2x crosses 
(60 progenies) Seedling 27 176 251 408 2405 0 3267 

Percentage 0.8 5.4 7.7 12.5 73.6 0 100 
TPS Seedling 0 13 41 582 6790 127 7553 
(168 progenies) Percentage 0 0.2 0.5 7.6 90 1.7 100 

HR highly resistant MS moderately susceptible MR . moderately resistant HS highly susceptible 
R resistant S susceptible 
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Of the clones from 7 departments, 2.5% 
were highly resistant, and the largest 
number of highly resistant clones came 
from the Department of Lima. This find-
ing reflects the effectiveness of selection 
pressures applied by farmers in sweet 
potato cultural practices. 

Biological Control 
Greenhouse cxpcrimenis tested]the -f-
fcct of two types of org mic matter (chick-
cn and cow manure) on the efficiency of 
Paccilomyces lilacinus in controlling 
Afcloidogvnc incognita on potatoes. Or-
ganic maiter applied to the soil at rates to 
provide final conccntratioas of4% to 6% 
was effective in reducing the daniag,; 
caused by AL. incognita. Combinations of 
organic matter with P.lilacinusincreased 
the control efficiency of P.lilacints. 

Field experiments examined the role 
of organic matter alone, and in combina-
tion with P.lilacinusand aldicarb, in con

trolling M. incognita on potatoes. 
Covariant analysis showed that potato 
yields were higher after treatments that 
combined P. lilacinus, aldicarb, and 
chicken manure. However, yields of 
potatoes treated with aldicarb and P. 
lilacinuswere similar to those of the con
trol, and were significantly lower than 
yields obtained with other treatments. To 
determine the residual effects, the same 
plots will be studied without further ap
plications of chicken manure, aldicarb, 
or P.lilacinus. 

Extraction of nenatoxic metabolites 
from selected fungi is a major study inter
est, and these extracts are being 
evaluated for biocidal activities and char
actcrization. Preliminary data indicate 
that the metabolites of thesc fungi consist 
primarily of 3 or 4 components with low 
molecular weights. 

Root-Lesion Nematode and False Root-Knot Nematode
 
Evaluations were made of two root-stain-
ing methods used to study penetration, 
reproduction, and root damage of the 
root-lesion nematode, Pratylenchusflak-
kensis. With some modifications, the acid 
fuchsin-sodium hypochlorite and acid 
fuchsin-lactophcnol method proved 
satisfactory. However, the cold-staining 
method that uses acetic acid-acid fuchsin 
and transference to glycerine proved to 
be more practical. The most effective in-
oculation was obtained with a rate of 15 
nematodes per root tip. The counts of 
eggs, nematodes, and necrotic lesions 
were higher at 56 days after inoculation, 

Phosphorous and potassium effects 
on the root-lesion nematode population 
were examined in four microplot experi-
ments. The increasing amounts of phos
phorous did not decrease the nematode 

damage, but damage was more seveie in 
potassium-deficient plants. 

As a basis for a crop-rotation scheme, 
several crops were studied for P.flakken
sis host efficiency. At Lima, the least ef
ficient hosts were cotton (cv. ICA-161), 
beans (cv. Nemasnap), sweet potato (cv. 
Conchucano Cascajal), and peas (C-59). 
At Hluancayo, the least efficient hosts 
were wheat (cv. Chumpi), barley (cv.
UNA-80), lupines (cv. C-14), and oats 
(cv. Mantaro). 

Of the methods evaluated for the ex
traction of Nacobbusaberranseggs from 
infected roots, the Hussey method (1% 
sodium chloride) proved most effective. 
Methods for extraction of juveniles from 
roots and soils also were evaluated. 
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Potato ThberMoth 
Screening for Resistance 

Six triais were conducted under rustic-
store conditions and/or in closed-con-
tainer tests to identify host-plant 
resistance. In the first two trials, 9 clones 
were selected as moderately resistant out 
of 77 clones. In a third trial, all 25 clones 
tested from a diploid population proved
susceptible. Tests in the fourth trial in-
cluded 96 hybrids from Australia and 33 
clones, with 64 hybrids selected as less 
damaged. In the fifth trial, 15 clones were 
selected from a total of 73 clones. The 
sixth trial tested 43 clones from CIP's 
pathogen-tested list, and 3 clones were 
selected as resistant. Results of the tests 
with selected clones of cycles P-82, P-83, 
and P-85 are shown in Table 5-3. 

In Colombia, seven families with 
Solanunm berlhaultii ancestors were 
tested for resistance to PTM and adapta-
tion to the cool conditions in Tibaitata. 
conditions. All families were obtained 
from Cornell University and all showed 
ve.-y high levels of resistance to PTM 
(Fig. 5-1). 

Mean no ofpupae 
20 

15 

10 

5 

0 r 

L-237 K-508 L-275 L-275 

Tuber families 

At Lima, Peru, in a study of the factors 
affecting the resistance expression,
DTO-33 tubers were equally susceptible 
when grown in the field and in pots, but 
the level of susceptibility was associated 
with tuber age. Freshly-harvested DTO-

Table 5-3. Clones selected forresistance to 
Potato Tuber Moth, Phthorimaea opercule/la, 
San Ramon. 

Storage Tests" Lab Test"
 
Clones 1986 1987 1988 1986
 

P82119-19 MR MR MR R
 
P83614-5 s MR MR R
 
P83693-15 R MR MR R
P83707-6 R MR MR R
 
P350316 R - MR R
P85031-5 - - M R 

P85072-4 - MR MR MR 
P85075-2 - MR MR MR 
P85112-1 - MR MR MR 
P85115-1 - MR MR MR 
P85136-1 - MR MR R 
P85031-3 - MR MR R 
"MR- - Moderately Resistant; R - Resistant; S 
Susceptible 

L-239 L-276 K-507 Criolla 

or genotypes 
Figure 5-1. Resistance to potato tuber moth larval damage in families generaled 
by Cornell Program, Bogota. Colombia 
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33 tubers proved susceptible, whe ;as 
30-day-old tubers in cold storage showed 
resistance. 

In Colombia, a study examined the 

effects of soil types (Toca and San Jorge 
soils) and of NPK fertilization levels on 
the resistance expression of cv. Parda 
Pastusa. 

Biological Control 

Granulosis virus formulation effects on 
the potato tuber moth were evaluated in 
nine trials under store and field condi. 
tions, at La Molina and San Ramon, 
Peru. A dosage of 20 larval equivalents 
(LE) in I liter of water reduced tuber 
damage in stored tubers. At 45 days after 
treatment, 70% of the PTM larvae were 
infected and the PTM population was 
reduced (12 moths vs 236 moths in 
check). Dust formulations (using talc as 
a carrier) protected the tubers effective-
ly. Table 5-4 shows the results of a test 
evaluating granulosis virus formulations, 

The parasitoid Copidosomia desantisi 
(Annecke and Mynhart) was introduced 
from Peru to Colombia and released in 
Toca, Boyaca and Tibaitata, Cun-
dinamarca. The parasitoid has estab
lished in Tibaitata, where a 30% level of 
parasitism has been recorded. 

In a study of the interaction of 
Copidosonasp. withthe granulosisvirus 
in Peru, the parasitoid failed to develop 
on GV-infected larvae. A simple 
methodology was developed for the mul-
tiplication of the granulosis virus and the 
PTM. 

Sex pheromone 

Sex-pheromone studies continued to ex-
amine methods for lowering the cost of 
the formulations. Two formulations 
(PTMI, 0.4 mg + PTM2, 0.6 mg; and 
PTMI, 0.9 mg + PTM2, 0.1 mg) were 
field-tested for 5 months. Trap captures 

Table 5-4. Potato tuber moth damage at 120 
days in Storage in Granulosis Virus (GV) 
Treated and Untreated Tubers, San Ramon, 
Peru. 

No. of Total'PTM 
oo Sprout holes Population 

Treatments damage tuber (L P ' A)" 
GV (20 L.E. liter) 11.69 a 0.90 a 8.25 a 

GV , Talc 1.89 a 0.08 a 4.50 a 
Talc 
Check 

54.07 b 
97.22 c 

4.39 b 
7.75 c 

79.25 b 
154.00 c 

"L Larvae: P Pupae; A Adults 
1-Means followed by different letters are significantlydifferent using Duncan's Multiple Range Test (DMRT);
P o.05 

did not differ; however, PTM1,0.9mg + 
,TM2, 0.1 mg was the most economical 
formulttion. 

In studies of attraction responses of 
PTM, variations in the ratios of 
pheromones PTMi and PTM 2 produced 
response differences in two populations 
from Peru and Colombia. Further tests in 
Colombia will determine whether these 
differences might characterize different 
biotypes or races. 

Seasonal Occurrence oriPTM 
Pheromone traps were used to study the 
seasonal occurrence of the potato tuber 
moth in Ethiopia and Burundi. The 
lowest population levels (fewer than 3 
moths/trap/w ek) were recorded at 
Holetta Research Center, Ethiopia, 
during the main season for potato-grow
ing. This season is from July to October 

and coincides with higher rainfall levels. 
Medium population levels (2 to 10 
moth/trap/week) occurred during the ir
rigated season, with levels peaking at 19 
moths/trap/week at the eid of the season. 

In Burundi, the higher PTM popula
tion levels were recorded in the Septem
ber-January period at Maliwa and 
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Scptember-Novcmber period at 
Nykararo. 

Store infestations were monitored at 
four locations in Burundi: Nykararo,
Mwokora, Gisoz and Munamira. The 
highest population levels occurred in 
Gisozi (2 to 11 moths/trap/month) and 
the lowest in Munamira (0.1 
moth/trap/month). 

In Egypt, several tests examined the 
control of PTM in stores and evaluated 
the degree of susceptibility of commer
cial cultivars and other genotypes to this 
pest. The insecticides fenitrothion and 
fenvalerate, granulosis virus, and Bacillus 
thuringiensis reduced tuber damage by
50% (in comparisons with the untreated 
check). In another test, wire-screened 
stores provided better protection against 
PTM infestations than did non-screened 
stores. Light traps collected more adult 
male and female moths than did 
pheromone traps that attract only males. 
The simultaneous use of pheromone and 

Table 5-5. Relative level of susceptibility of some 
laboratory conditions. Kafr EI-Zayat, Egypt. 

% of 
infested 

Genotype sprouts 

1 Atzimba x DTO 28 18.46 
2 Serrana x DTO 28 23.08 
3 CFK 69.1 x DTO 33 23.21 

4 Draga 34.21 

5 Greta 
 50.00 
6 139 (Irish progeny) 58.73 

7 Claudia 
 61.54 

8 Avoundal 
 63.33 

9 Escort 
 66.67 


10 Desiree 
 67.74 
11 ;N .ia 72.93 
12 Murcne 74.96 
13 Jaeria 76.19 
14 Spunla 78.99 

L.S.D. 0.05% 1.162 

light traps, after two months of storage, 
protected potato tubers from PTM 
damage better than did pheromone traps 
alone. 

In another test under store conditions, 
fenitrotion reduced damage levels to 
11% of those recorded for the untreated 
check. In similar comparisons, a 3-cm 
layer of Lantana camara and a 5-cm layer 
of straw reduced damage levels to 15% 
and 30%, respectively. 

The level of susceptibility of 14 potato 
genotypes differed significantly among 
the tested cultivars (Table 5-5). 

Leaf Miner Fly 
Field screening for resistance to the leaf
miner fly Lirioniyza huidobrensis was 
conducted at La Molina, Peru. Tests with 
previously selected material confirmed 
resistance for varieties Monserrate and 
Kinigi. Clones with glandular trichomes 
F728.1 and F743.4 were less damaged 

potato cultivars to the potato tuber moth under 

Mean no. 
of tunnels 
per tuber 

% of emergence 
of adult 

0.67 20.00 
1.30 16.70 
1.33 22.00 
2.33 47.00 
2.50 42.00 
3.00 42.00 
3.00 48.00 
3.80 47.00 
4.00 53.00 
3.20 55.00 
4.50 52.00 
4.30 55.00 
4.00 55.00 
3.70 52.00 

1.216 1.280 
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during the earlier stages of the crop, but 
were later damaged as they matured, 

Spider Mites 
____ -potato 

The mite Tetranychus sp. was used to 
screen plants with glandular trichomes. 
The 738 seedlings from 7 families and 12 
clones obtained from Cornell University 
were evaluated in field cages. Ten clones 
with less than 50% foliar damage were 
selected. Some of these clones have com-
bined resistance to PTM and the aphid 
Myzuspersicae. 

Aphids 

Eight clones with high antixenosis were 
selected in antixenosis tests of 47 glan-
dular-trichomu selected clones. The tests 
were conducted in greenhouses at La 
Molina, Lima, Peru. 

At Holetta Research Station, 
Ethiopia, yellow-water traps were used 
to study seasonal occurrence of aphid 
populations. During the main season, 
levels of 3.3 aphids/trap/week were 
recorded. The aphid population was 
higher during the off season, with an 
average of 4.7 aphids/trap/week. A peak 
of 346 aphids/trap/week was reached in 
November, the driest month of the year, 
when potatoes had already been har-
vested. The main species identified was 
Myzus persicae. 

In Uruguay, a comprehensive trap
ping survey was conducted in the rainfed 
regions for potato production. The 
lowest population levels of the main 
v'phid vector M. persicae were recorded 
in northeastern Uruguay, suggesting that 
this is the best region for seed produc-
tion. 

Andean Potato Weevil
nda ot ev -

In Peru, a total of 469 clones obtained 
from breeders were evaluated using the 
closed-container test for tuber resis-

tance. The clones HFF 18.1, UFF 14.3, 
and 85F 107.9 were selected for resis

tancc to larval damage by the Andeanweevil Premnnotypessuturicallus. 
Inta o mia stdies examiesh 

Colation b tce larval to 
gron be rvdev popnan 
growth and tuber development, and be
tween soil moisture and adult weevil 
emergence. 

Thrips and Mites 
Thrips were collected in the Philippines 
from nine provinces where the lowland 

potato is grown. Thripspalni(Karni) and 
Megaturothrips usinatus (Bagnall) were 
identified, with Thripspabli being more 
prevalent. The predominant species 
among mites was the microscopic 
Polyphagolarsoncnuslatus (Banks), 
known also as broad mite or tea mite. 

Natural pest enemies were collected 
and an anthocorid bug, Orius tantillus 
(Motschulsky), showed promise as a 
potential predator for 7hripspalmi.The 
life cycles of the broad mite and the 
Thrips palmi were studied under 
laboratory conditions. The broad mite 
required 51 hours for development. The 
Thrips palmi required 12 days for 
development and had an adult life of 5 to 
8 days. 
Sweet Potato Weevil 

In studies of CIP germplasm to identify 
resistance and to study the biology of the 
sweet potato weevil, Euscepes postfas
ciatus, 600 accessions from CIP 
germplasm were tested using the closed
container test. Selected materials are 
being subjected to further evaluations. 
Field screening using previously selected 
clones was done in Lima. All clones were 
damaged in stems; however, accessions 
DLP 103, RCB 16 IN, and ARB 389 were 
less damaged. 
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Research Contracts the sweet potato foliage pests, Pebopssp., 
A research contract with the Universidad 
Nacional Agraria, La Molina, Lima, Peru 
yielded abundant information on the col-
Icction, identification, and field impor-
tance of parasitoids of the most 
important potato and sweet potato pests 
in Peru. 

These pests include the potato moths 
Phthorimacaoperculella and Scrobipal-
pula absoluta; the noctuid Spodoptera 
eidania; the potato aphids, the potato 
leaf-miner fly, Lirionyza huidobrensis; 

Trichotaphesp., Microotisanormalis,the 
miner fly Calycomyza ipornoeae,the leaf 
hopper Enmpoasca spp., and the white fly 
Bensisiasp. These pests and their natural 
enemies were reported to occur 
seasonally. 

Other sFudies were made of the selec
tive use of insecticides against the potato 
leaf-miner fly, of the effect of insecticides 
on the pests, and on beneficial fauna of 
sweet potato fields. 

LOWER MIDDLE UPPER 
KINIGI 

UPPER 

LOWER MIDDLE 
REVOLUCION 

Leafminer fly (Linomyza huidobrensis) damage on resistant (Kinigi) and susceptible 
(Revolucion) potato cultivars. 
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ThrustVI 

Warni-Cliniate Potato 
and Sweet Potato Production 

Thrust Profile :1989 
Clone LT-7 was the top-yiclding entry in studies of the role of nitrogen in warm

a greater ability to utilize fertilizerclimate potato production. This clone showed 
nitrogen, with less reduction in partitioning of dry matter to tubers at high nitrogen 

levels. 
Tuber yield of potato under drought stress was related to the force required to pull 

plants out of the soil. This potential screening method for drought tolerance isbeing 

developed along with others related to root growth, leaf-water potential, stomatal 
Sweet potato clonal-yield rankings remainedconductance, and leaf appearance. 

about ihe same under both drought and well-watered conditions. This suggests that 

simply screening fo; cropping and yield under non-stress conditions might be suffi

cient for identifying drought-tolerant clones. 

Screening for high growth rates of potato clones and species under controlled

climate conditions identified new sources for heat tolerance, as well as for tolerance 

to shade, which is importani for intercropping. 
was an effective method for establishing theRelay-cropping potato wili maize 

potato in ahot-weather, non-traditional, early planting in Egypt. Intercropping maize 

and potato reduced soil and nutrient erosion in China. Through agronomic modifica

tions of the traditional double-row strip-cropping in Hubci Province, China, yields 

were increased by 8%, and by 62% in the cane/potato intercropping in Bangladesh. 

In China, potato clones are selected for intercropping, and one such selection 
more at 1180 m,(802-522) yielded 26% more than the control clone at 460 m, 19% 


and 10% more at 1700 m. Heat-tolerant clones continue to be identified in the
 

breeding programs of Peru, the Philippines, Vietnam, and Bangladesh.
 

wo'mlan harmeming jltaltoc%fromna fieild 

i1tercropped \%kh 1i/C. Ihrundi. 
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Agronomic and Physiological Research
 
Nitrogen Utili.ation _ 

A series of Lxperiments in Peru to quan-
tif%, lherole of nitrogen (N) fertilization 
in adaplation of the potato to the warm 
tropics, ended this year. Yields of the 
clone LT-7 were greater than those of the 
cultivars Desiree and Katahdin at all N 
rates. With no N application (0 kg/ha), 
the clones showed about the same 
amount of N in leaves (Fig. 6-1); but at 
240 kg/ha N, tthe clone LT-7 consistently 
had more !eaf N per unit of cropping 
area. Paftiioning of dry matter to tubers 
was more strongly influenced by the rateof N ttress. sooto
of N fcrt~li2r (Fig. 6-2) in the wet season 
than in previous dry seasons (see Fig. 
VI.3,AnnualReport,'-988). Thecultivar
Desiree showed a greater decline in p,,r-
titioning at interm'ediate N levels than did 
the clone LT-7. The greater ability of 

Total leaf nitrogen (gm 2) 

6 

5 

4

3

2 

o L e'-ia
 

0 30 40 50 60 


LT-7 to utilize fertilizer N, and the lesser 
reducti), I dry-matter partitioning to 
tubers at the intermedia!e N levels, were 
largely responsible for the overall yield 
advantage of LT-7. Tubers with this type 
of yield response to N should prove 
beneficial to farmer'. who apply either 
small or adequate amounts of N to their 
potato crop:,. 
Drought and Sall Stress 
The development of ar extensive root 
system is closely related to the plant's 
capacity to aosorb soil moisture, as well 
as to avoid dehydration stress. Rootas tolavoidFdehydration
pulling resistance, i.e., the vertical force 
required tepull aplant out of the soil, is
 

an integrated, quantitative estimate ofrooL development that has been tested by 

Okg N 240kg N 
LT-7 !A A 
Desiree 0 8 
Katahdin 11 

70 80 90 

Days after
planting 

Figure 6-1. Effect offertilizer N application rates (kg/ha) on weight of N 
in the leaves in San Ramon, dry season. 

78 



Partitionirg to tubers 
0.7 

LT-7 
Desiree 

A 
U 

064 

0.5 

0.4 

0.3 __I 

0 80 160 240 

Nitrogen fertilizer (kg/ha) 

Figure 6-2. Partitioning of dry matter to tubers (70 days after planting) as 
influenced by genotype and fertilizer 
wet season. 

CIP as an indicator of potential drought 
avoidance, 

In a field experiment in which root-
pulling resistance was measured at 
biweekly intervals to determine the op-
timum time for quantifying this charac-
teristic, a sigmoid curve of resistance on 
a time axis was observed for the three 
clones tested, LT-8, Desiree, and 
Revolucion. The maximum mean 
separation occurred 45 days after plant-
ing, and this date was chosen for sub-
sequent comparisons between clones. A 
replicated, single-row-plot field experi-
ment was conducted in San Ramon 
during the dry season with the clones 
LT-7 and DTO-33 serving as the 
drought-resistant and noderately-resis-
tant checks, respectively. Sprinkler ir-
rigation was applied after crop 
estabiishment to satisfy 50% of the daily 
evapo-iianspirational demand. At 90 

N application rates in San Ramon, 

days after planting, 22% of the variance 
in tuber yield was accounted for by 
variance in root-pulling resistance, and 
five clones (Cruza 27, 1-1039, MS-35-22-
R, Huinkel and Mex, 750826) performed 
as well as or better than did the drought
resistant check in terms of drought-resis
tance and tuber yield. 

The line-source irrigation system was 
used during the Lima summer season to 
evaluate clones for drought resistance. 
The effect of drought stress on leaf-water 
potential was quantified with the pres
sure chamber method (Annual Report, 
1976). Genotypic and treatment effects 
were recorded in terms of leaf-water 
potential measured at midday on the 
third youngest expanded leaf of the main 
stem. High leaf-water potential (less 
negative), indicating a lesser degree of 
cellular stress than a low (more negative) 
value, was evident in well-watered, 

79 



moderately-stressed plots of the clone Table 6-1. Mean drought-stress scores for pota.LT-7. Under greater drought stress, how- toes under a line-source irrigation system, Limaever, the high leaf-water potential values 1988.were not maintained. The cultivar Distance from the sprinklerDesiree maintained relatively higher iine source (m)leaf-water potential values than did the Clone 0.7 2.1 3.5 4.9 6.3others when severely stressed. The leafappearance of drought-stressed plants 0
LT-8 1.0 2.0was indexed (Table 6-1) and the clones 

2.8 3.5 5.0
B.71-240.2 2.0 2.8 4.5LT-8, B-71-240.2, Mariva, and CGN-

38 6.0
P-3 1.8 3.5 3.0 5.5 6.569.1, showed the lea.t!eaf damage. RevolucionUaf- Ticahuasi 2.0 3.3 4.0 5.5 6.5water potential 1.0 4.0 3.0 6.5 7.5and leaf appearance &1 

scores (although measuring different ef-
1.0 3.3 3.5 6.0 7.5 

LT-7 1.8 2.5 7.04.3 7.5fects) are practical indicators of drought LT-1 response in the potato. Further data are 
2.5 3.8 4.5 5.8 6.5

CGN-69.1 2.3 4.3 5.3 5.5being collected to confirm their utility, in 
6.0 

Mariva 3.3 3.5 4.5 5.8combination with root-pulling resistance, 
6.3 

Desireein 2.5 3.5 6.54.8 7.0the task of identifying parental 4.0Rosita
materials for breeding for di ought toler-

3.5 5.3 60 6.5 
DTO-33 3.0 6.0 5.0 5.8 6.5 

ance. ane.Tomasa 82PY-19.2 3.3 5.3 7.5Preliminary data on stomatal condUc-
7.0 7.5CondemaytaLT5 5.0 6.0 6.3 7.54.5 7.0 6.3 8.5 8.38.5tance show a good correlation with soil -5_4.5_7.0_6.3_ 

8.5_ 8.3matric potential in one clone, and this SED beteen clonal means 0.49 and betweenrelationship will be explored for other treatment means 0.18.clones in the future. Scores are fromAdditional the commencement4 replications noted 30 days afterof drought treatments (60 daysmethodologies similar to the ones atler planting), obtained based on total plant appeardescribed above will allow for the quan- ance. Score 1 : no drought effect, 5and 9 = = 50% wiltingtification complete wilting and necrosis.of plant response to drought Replication, clone, and irrigation effects are highly sigstress. 
niticant (P= 0.Oul). C.V. = 30%.

In drought studies in the Philippinelowlands, a 20-day water stress at the growth characteristics as influenced byearly tuberization stage reduced yield water stress and genotype. This knowmore than did stress induced at earlier or
later periods. 

ledge will aid in the breeding, screeningEarly-maturing cultivars and selection of drought-tolerant tuberssuch as Berolina and Cosima, which for use by farmers in drought-pronecease foliar growth soon after tuberiza- areas.tion, were more susceptible to water At the Scottish Crop Researchstress at early tuberization than were in- In
determinate clones (e.g. P3 or P7) that 

stitute (Dundee, Scotland) root charac
terislics and other factors related toare characterized by profuse foliage and water economy of plants subjected tothat have S. andigena in their pedigrees. various levels of drought stress are beingRoot growth of water-stressed plants wasmeasured by number, weight, length, 
studied. These plants are being evaluated
in soil "cores" (vertical pipes 10 cm indiameter, and type. Data indicated that diameter and 150 cmthere long) to complewere major differences in root- ment field studies in the lowland tropics. 
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Field studies with several sweet potato 
varieties were conducted at Lima and 
San Ramon to evaluate the effect of 
drought on yield and water use (using the 
line-source system, as with potato). 
Water-use efficiency (WUE) was in-
fluenced by genotypes, quantity of water, 
and site. Under well-watered conditions 
at both sites, the clones Paramonguino 
and Ingles showed the highest WUE, and 
DC-79 and Nemafiete showed the lowest 
WUE. Under drought stress at Lima, 
high WUE was evident for clones that 
also showed high WUE under well-
watered conditions. At San Ramon, how-
ever, some clone/treatment interactions 

1 


were found. At Lima, the lack of interac
tion between clones and irrigation treat
men -s for storage-root yield suggests that 
selection for vigor and high yield under 
well-watered conditions could allow for 
simultnneous selection of clores able to 
yield well under drought conditions. At 
San Ramon the interaction also was not 
significant. 

Sweet potato clones also were sub
jected to salt-induced stress, but under in 
vitro conditions. In an initial test four 
weeks after treatment, fresh weight and 
leaf number increased with increasing 
sait concentration (0 mg to 174 mg 
NaCII). 

X.
 

Measurement of leaf photosynthesis in a plant grown under controlled environment (35C day, 
250C night). 
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0.12 

Heat Stress 	 photosynthesis, dark respiration, and 
Controlled-growth chambers were used growth. Data on chlorophyll fluores
to study the potato genetic base for heat cence and leaf anatomy are now being
tolerance at the Nova Scotia Agricultur?! analyzed and indications are that the ter-
College (NSAC), Canada. In vitro- minai T'value of the chlorophyll induc
derived plants of a range of cultivars, tion curve is closely related to dry-matter 
breeding lines, and species were sub- production under high temperature con
jected to a period of heat stress, while ditions. Comparative analyses of growth
tuberization was suppressed. The clones rates of 34 potato genotypes under hot 
differed significantly in rates of leaf (35 ° C/25° C day/night) and cool 

Cool 

0.14-	 NAR 0 
(g di-2 d-1) Cool RGR 

0 0.12 (day-i) 

0.50 0.70 0.90 1.10 1.30 1.50 

0.10 0 0.10 0 

0.08 
008O 

0.08 -0 
0 Cool 

1.50 
LAR 
(dm-2 g-1) 

0.06 -
Cb cp 0 

0.C6 
0.04 - C1.o 

1.30 
0 0 0 

0.04 000o 1.10o0.90o0 O0 O 0 

0.02 0.02 0 0 0 

0.00 
0.00.0 

0 0 0 0.00 

0.70 

0.50 

0 

0.00 0.02 0.04 0.06 0.08 0.00 0.02 0.04 0.06 0.08 
Hot Hot Hot 

RLER 
SLA Cool 	 (day-i) 

Cool (dm-2 g-1) 

4.00 -0.04 	 -0 0 C?8@ 

3.00 0 00 	 0 0 0 

0.00 
2.00 	 0 

0 
1.00 0 	 -. 04 C0 

1.00 2.60 3.0 4.00 5.00 6.00 -. 04 0.00 0.04 
Hot Hot 

Figure 6-3. Some plant growth analysis parameters as influenced by growing conditions (cool = 
20C day, 10C night, hot = 35C day, 25'C night in controlled environments (20 h photoperiod)
(NAR - net assimilation rate; RGR - relative growth rate; LAR - leaf area ratio; SLA - specific leaf 
area; RLER - relative leaf expansion rate). 
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(200C/100C) conditions indicate that, in 
general, leaves were thinner (a greater 
specific leaf area) under hot conditions, 
and net assimilation and relative growth 
rates were lower under cooler conditions 
(Fig. 6-3). A number of exceptions were 
noted, for cxample, LT-1, LT-5, and ac-
cessions of S. circaefolium and S. acaule, 
and these and clones with high growth 
rates are being studied in more detail. 

Intercropping and shade tolerance, 
For relay-cropping or intercropping 
potato with annual or perennial crops, 
systems have been designed to avoid 
competition between associate crops and 
potato for solar irradiance (Annual 
Reports, 1981 to 1986-87). To raise total 
productivity of some intercrop combina-
tions featuring potato, however, a degree 
of shade tolerance may be desirable, 
especially if the population of the as-
sociate (and oftentimes shading) crop is 
raised significantly. At the Nova Scotia 
Agricultural College, Canada, the res-
ponse of leaf photosynthesis to various 
levels of irradiance was deermined for 
potato clones and species grown in 
growth chambers. Differences between 
genotypes were noted both in values for 
Pmax (i.e. the light-saturated rate of 
photosynthesis) and in the quantum ef-
ficiency of photosynthesis (i.e. the slope 
0) of the linear response of leaf photo-
synthesis to irradiance when photosyn-
thesis is light-limited). Clones with a high 
Pmax should be capable of taking ad-
vantage of high-in-ident irradiance 
whereas clones with a high 0 should be 
adapted photosynthetically to less ir-
radiance, such as when shaded. 

CIP collaborates with national pro-
grams to analyze field performance of 
intercrop systems. In Egypt, relay-crop-
ping of potato with an existing maize crop 
is an experimental practice gaining favor 

among farmers who wish to plant in the 
hot-season period before the traditional 
planting date. This practice is especially 
effective for planting cultivars that do not 
emerge rapidly under conditions of high 
soil temperatures, whether due to lack of 
sprouting or to an inherent aversion of 
the sprout to growth under high soil 
temperatures. Yield benefits of the 
relay-croipding system were greater for 
the cultivars Alpha ard Dragon, which 
had the least emergence under control 
conditions. Higher maize-crop yield was 
an additional benefit from this system. 

Under contract with CIP, intercrop
ping research continues at the Southern 
China Potato Research Center, at Enshi, 
Ilubei Province. Spatial distributions of 
the maize and potato crops have been 
evaluated and results show the yield ad
vantage of double potato rows alternat
ing with double rows of maize. 
Lspecially at the bigher altitudes, this 
pattern was superior to single potato 
rows alternated with double rows of 
maize, or to 4 rows of potato alternated 
with 4 rows of maize. An experiment at 
1,200 m tested closely-spaced single rows 
of potato and maize (0.5 m between rows 
cf each crop). This combiation yielded 
88% more harvestable dry matter than 
the next best combination (double rows 
of potato and maize). Plastic mulching 
effectively accelerated the emergence 
and maturity of the potato (by 10 to 12 
days) and also raised maize yields. The 
extra income did not offset the cost of the 
plastic mulch, however, and farmers are 
unlikelyto adopt thi. practice, even if the 
extra cost is spread over more than one 
year. 

In this part of China, potatoes are 
usually planted in the autumn, and date 
of emergence in the spring depends upon 
the spring temperature regime. Maize 
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planting and emergence are controllable,
after the land is suitably dry and warm.
When maize planting was delayed for 10
days beyond the normal planting date to
reduce the possible competitive effect on 
potato, total harvestable dry-matter
production (potato plus maize), in-
creased marginally (5%), In contrast, a
40-day delay reduced total dry-matici
production by 5%, due largely to the 
lower maize yield, 

The intercropping procedures prac-
ticed by farmers in Hibei Province are 
particularly resilient in that total dry-matter yield is well buffered. In a series
of experiments test ng a range of
agronomic practices, the yield decline for
least favorable treatments never ex-
ceeded 15% of the best-yielding treat-
ments. Relay-cropping systems such as
these could provide sustainable harvests
in other subtropical highiand potato-
growing regions as well. 

Scientists at the Yunnan Academy of
Agricultural Science at Kunming (24 0N,
1,900 m) are working under contract with 
CIP. They are investigating the benefitsof strip-cropping maize and potato, and 
associated factors including incidence of
soil-borne diseases, and the reduction of 
water, soil, and nutrient losses on sloping 

Table 6-2. 

ing and Research Institute in 

soils. Rotational strip-cropping im
proved the per unit area yields of potato
and maize as compared with the yieid.,
when they are planted singly. Another
advantage was the lowering of the in
cidence ofpotato ring rot. Water, soil and
nutrient losses on a 210 slopc were less in 
intercropped plots than in maize-only
plots, although potato-only plots showed
the least loss (Table 6-2). Intercropping,
and contour plowing (instead of surface 
tilling), proved to be an effective com
bination for reducing runoff fiom sloping 
fields. 

Experiments in Western Hubei,
China, on potato clones adapted to inter
cropping with maize has resulted in the
selection of twc locally-based clones as 
potential cultivars. Thcse emerge 10 days
earlier and are 15 cm shorter than the
 
traditional cultivar, Mira. 
 When inter
cropped with maize, one of the selected 
clones, 802-522 (Copella x NS78-7),
yielded 24% more than did Mira at low
elevation (460 m), 19% more at mid
elevation (1,180 m), and 10% more at 
1,700 m. 

In the collaborative contract involving
CIP, the Bangladesh Agricultural Re
search Institute and the Sugarcane Train-

Effects of ;,ltercropping potato and maize, and contour plowing, on water, soil andrient runoff losses on a field with a slope of 210, 
nut-

Yunnan Province, China. 

Treatment 

Slope - sole maize 
Slope - intercropping 
Contour - sole maize 
Contour - intercropping 
Slope - sole potato 
Contour - -.oe potato 

Loss per hecta-e per season 
Water Soil jictive nutrients (kg/ha) 
(m3) (t) N P K NPK 
563 19.06 29.5 25.5 34.3 89.8 

18.1 42.7 
476 8.23 13.6 11.0 
370 3.65 5.3 4.4 8.4 18.1216 1.36 2.2 1.8 4.0 7.9172 2.91 4.8 4.0 6.6 154101 0.62 0.9 0.9 1.8 3.5 
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Tablp 6-3. Effect of double-row panting system on potato and cane yields, and net benefit, on 
farmer and experiment station fields in Bangladech. 

Farmers' fields Experimnt station 

Potato et Net 
Population Potato Cane benefit" Potato Cane benefit" 

Cropping pattern (plantsfrn2) (t/ha) (t/ha) (US$/ha) (tVha) ft/ha) (US$/ha) 

Paired row cane at
 
60 cm f 2 row potato
 
in 120 cm 5.55 4.3 81.9 263 8.3 76.3 360
 

Pired row cane at
 
45 cm 3 row potato
 
in 135 cm 8.33 5.5 83.3 531 10.0 80.6 369
 

One row cane at 90 cm
 
1 row potato in 90 _m 5.55 4.7 82.0 509 6.1 82.0 231
 

One row cane at 100 cm
 
t 2 row potato in
 

100 cm 10.00 7.6 85.6 629 12 1 76.3 295
 

"PL,9 stand potato
 
then cane at 60 cm 11.1 - - - 12.7 73.0 239
 

Pure stand autumn cane
 
at 100 cm 0 - 62.2 0 - 73.3 0
 

LSD 5% 2.0 10.3 85 2.0 n.s. 208 

"Potato planted at 60 cm x 15 cm, then transplanted rooted cane settlings in spring.
 
1,Extra to that derived from cane alone.
 

Bangladesh, further data have been col- planting tubers at a dep'h of 15 cm did 
lected on the technical and economic not greatly increase tuber yield, mulching 
performance ofpotato intercropped with with rice straw raised yields and overall 
sugarcane. Cane yields were not reduced economic returns of both crops (Table 6
when the traditional single-row (0.9 m) 4). Current research is focusing on the 
system for sugarcane planting was production of seedling tuberlets as plant
changed to adouble-row system in which ing materials for intercropping with 
more space was made available for the sugarcane. 
inte:-,op. The double-row system In Burundi, studies continue to ex
fa ilitated the planting of higher potato-- plore the use of maize and potato inter
plant populations (Table 6-3). Sugar- cropping to increase output per unit land 
cane benefited from the residual effects area and to control bacterial wilt. 
of potassium and phosphorous, (cane Results in 1988 showeil that land 
yield increases of 4 Vilna to 6 t/ha). To a equivalent ratios (LER, i.e. the land area 
lesser extent, the crop benefited from the required for separate crops to equal in
residual effects of N (increases of 2 t/ha tercropping production) for all inter
to 4 t/ha) applied to but unused by the cropped treatments ranged from 1.12 to 
potato crop. Because most potato and 1.27. This indicates a marked yield ad
sugarcane are produced using residual vantage per unit land area of intercrop
soil moisture following the monsoon, ping, as compared to one-crop-oaly 
practices that conserve soil moisture are treatments. Although potato plants 
of great practical importance. Although ranged from 23% to 45% of the total 
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Table 6-4. Influence of rice-straw mulch on potato anri cane yields on the experiment s 2!ion andadditionehy on net benefit on farmers' fields in Banrjladest-

Treatmient 

No mulch 
Mulch up to 30 DAP h 

Mulch up to 45 DAP 
Mulch lill harvest 

Pure cane without mulch 

LSD 5% 

Farmers' fie!ds Experiment station 
Potato yield Cane yieldIli h ) (t/ha) Net benefit" Potato yield'LUSS/hal Cane "ield(t/h,-) (t/hll 

7.2 81.9 560 4.8 79.5
8.2 86.1 710 5.1 86.4
8.4 86.1 731 5.3 83.7
8.7 91.1 860 90.25.2 

- 80.5 
 -

0.5 1.8 68 n.s. 1.9 

'Extra to that derived from sole cane without mulch. 
IDays after planting. 

(4.29 plants/m2 to 5.08 plants/m2) plant
population, the iheatrnents did not differ 
iowilt percentages, perhaps because of 
the high coefficient of variation (77%). 

In the Philippine lowlands, experi-
ments continue to explore the association 
between potato and sweet corn. When 
potato and maize were planted simul-
taneously, with populz:ions of 5 to 6 
maize plars/im 2 and 2 to 4 potato
plants/m2 (preferably with potatG in, been manipulated to proviie a yield addouble-row beds), the resulting LER 
ranged from 1.22 to 1.41. 

Production Strategies 

and Soil Manaement. 

Systems to reduce crop temperature con-
tinue to be studied under farmer condi-

Clonal Sekction 
Selection of potato clones suitable for the 
warm lowland tropics requires evalua-
tion of heat tolerance, yield, earlin-
tuber characteristics, 

;., 

and storability
(depending on the logistics of produc-
tion). 

Peru 


In Peru, a number of clonal selections 
have been identified that combine high 

*ions. In northern Luzon of the Philip
pines, the combination of intercropping 
with maize (planted at one tenth of the 
maize-only population) plus mulching 
and irrigation, permitted late (January)
planting. This combination produced a 6 
t/ha tuber yield increase over that of con
trol plots, with a coi responding increase 
111 net income of US $1,720/ha. Row 
orientation (Annual Report, 1983) has 

vantage for non-seasonal (late August) 
potato planting in Egypt, where yields 
ranged from 10.9 I/ha to 14.6 f/ha. Yields 
were greater when tubers were planted
on the north side of east/west oriented 
;ows. 

yield and earliness (Table 6-5), aithough
varietal selection is not the prune objec
tive of the breeding program. The clones 
LT-7, LT-8, 377964.5, and 378015.16 
(TS2) continue to demonstrate their 
abilities as competent parents. Bacterial 
wilt (BW) at San Ramon reduced plant 
survival, and studies of resistance to BWwill be emphasized. During the dry 
season at San Ramon, in the routine 

http:378015.16


screening of the cultivars on CIP's 
pathogen-tested list, Ballcnera, Muruta, 
and SR-1 (selected in the Philippine 
lowlands) consistently produced yields 
greater than 20 tlha. 

At each of CIP's three experiment sta
tions in Peru, and at a southern site at 
Tacna, 2,000 seedling samples \.ere 
transplanted from the same sweet potato 
polycross. The main purpose of this work 
was to select for earliness, a highly 
desirable trait to incorporate into CIPs 
breeding populations. With the excep-
tion of Lima, where clones were har-
vested at 120 days, harvest was at 90 days 
after planting. Yields of the best four 
clones ranged from 12 t/ha to 17 t/ha at 

Table 6-5. a) Top-performing fist-generaiorn 

clones, from a sample of 250 evaluated at San 

Ramon. Summer 1988. Growing period: 90 
days. b) Top-performing third-generation clones, 
from a sample of 45 evaluated at San Ramon. 
Summer 1988. Growing period: 90 days 

Plant 
survival Yield Earli-


Clone ( 0 
o) it ha) ness
 

a) 
(LT-8 x 377964.5)23 80 208 7 
(C84.580 x C83.119)31 100 20.6 7 
(C84.579 x 3779645)31 70 197 5 
(C83.331 x C83.119)13 70 16.7 5 
(C84.241 x Katahdlin)12 80 15.3 9 
1MS35.22 x 377964 5)31 100 15.3 7 
(084 436 x Bulk PVY (A))91 70 15.0 7)C84.436 x Bulk PVY (A))91 100 15.0 9
(Y84.017 x Bulk PVY (A))91 100 15.0 9 

(LT-8 x 378015.16)32 70 11.4 7 

(C84 579 x 377964 5)71 80 10.6 7 
_-

b) 

(B-75-86 8 x C83 551)15 80 23.5 7 

(ROPTA D-776 x LT-7)41 70 18.6 7 
(3779645 x 378015 16)31 70 16.5 7 
(Atlantic x 378015.113)32 70 13.2 7 

"Earliness: 1 ver, late; 5 medium; 9 very
early, 

Lima (winter season); 10 t/ha to 14 t/ha 
at San Ramon (dry season); 8 t/ha to 12 
t/ha at Yurinaguas (dry season); and 17 
t/ha to 32 t/ha at Tacna (summer season). 
The Philippines 

A total of 186 clones were selected from 
34 tuber families for their adaptation to 
lowland conditions and for their good 
tuber characteristics. They were put in 
diffused-light storage for 9 months prior 
to replanting. In a previous set o,7 
selected clones that were stored for 9 
months in situ, the five best clones 
produced yields of from 27.9 t/ha to 36.7 
t/ha, and 53 clones (34% of the total) 
were selected. Under these conditions,
the replantitn: of tubers stored in diffused 
light has been effective. Promising clones 
will be used as parents in the hybridiza
tion program. 

Early blight remains a problem under 
lowland tropical conditions, and 
germplasm with sources of resistance 
(e.g. Maine 47) is being screcned for ear

liness and early-blight resistance. Lower 
infection was noted for early-maturing 
clones, although disease incidence varied 
among clones having the same maturity 
ratings. Surprisingly, yield differences 
among clones or between spray treat
ments were not related to early-blight 
infection. 

Cooking and processing qualities of 
lowland potatoes are now being studied 

to address some of the interests of the 

fast-food industry. Many clones pro
duced outstanding potato chips or french 
fries, and three clones, 380584.3, LT-7, 
and 379693.10, showed capabilities for 
both forms of preparation. 

South Pacific 

Cultivars were assessed for yield and dis
ease resistance in 14 variety trials. Even 
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with second-generation seed tubers, Ser-
rana and B-71-240.2 continued to out-
yield all other clones. These high yields
reflect the excellent virus resistance and 
good storage characteristics of the two 
clones. A heat-tolerant, BW-resistant 
clone, 377850.1 (BR 63.74 x DTO-28), 
was selected in Fiji and is now being 
pathogen-tested for distribution to near-
by countries. 

Vietnam 

The clones 1-1035 and B-71-240.2 have 
shown promise for winter plant, I at Ho 
Chi Min City (5 m) and are being multi-
plied for farmer use. Although selections 
from the cross B-71-2A0.2 x DTO bulk 
performed well over three seasons, lack 
of virus resistance (except to PLRY' isa 
major limitation. 

_a __ngladesh 

Trials at Munshiganj evaluated 3,822 ini-
tial introductions from 59 tuber families, 
602 second-generation clones, and 91 
third-generation clones. The tri's were 
planted in mid-November and run by the 
national potato program. Some yields 
were outstanding, as compared with 
those of standard European check cul-
tivars. Another set of 2,425 genotypes 
from 38 tuber families was planted late(Decmbe,i87)to C~O5 itto eak(December, 987) to expose it to peak 
levels of virus transmission. Some 
genotypes (e.g. 382996.1, 384181.46, and 

raining
 
A total of 20 participants from 8 Asian 
countries attended a worksh-op held in 
China to discuss the status and the future 
priorities of agronomic research to estab-
lish the potato as a major crop in hot 
climates. The participants cited the need 
for improved cultivars and development 
S I 

385302.120) yielded more than 500 
g/plant. Advanced variety trials with 15 
clones were planted at four locations, 
from Bogra in the noi th to Chittagong in 
the south. The sixth-generation clones 
evaluated in these trials showed minimal 
degenerative effects, and the yields of 
several clones surpassed those produced 
by seed of newly introduced cultivars. 
Clones awaiting varietal status include: 
B-71-240.2, 379667.501, 379688.230, 
379659.657, 379673.150, 379687.93, 
379697.153, 800224, AVRDC 1282-19,and Kufri Lalima. 

Late planting (i.e. in December and 
January) exposes clones to more stress 
from heat and drought than does tradi
tional planting (mid-October to mid-
November). Clones performing well 
when planted late included Kufri 
Sindhuri and AVRDC 1282-15 at Mun
shiganj; LT-2, Cardinal and AVRDC 
1284-18 at Joydebpur; and 379697.153 
and 380504.110 at Bogra (at 71 days, the 
latter two yielded 34.3 tha and 26.7 t/ha, 
respectively, compared with 10.3 t/ha forDesiree).

A 
After potato harvest, growers in Ban

gladesh lack means to store potato inex
pensively without deterioration of tuber
 
quality, thus limiting its widespread use
 
as a food crop. Both B-71-240.2 and Kufri
Lalima showed excellent storability, and 

routine screening is now under way fort sc a at r 
this character. 

of appropriate methods for managing 
planting materials. Agronomic research 
priorities included studies of production 
under suboptimal growing conditions, in
eluding investigations of drought stress 
and shade tolerance. 

http:379687.93
http:384181.46


VI
 

Strip-cropping of potato and maize, Yunnan Province, China. 
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Thrust VII
 

Cool-Climate Potato 
and Sweet Potato Production 

Thrust Profile: 1989 
CIP is developing non-Andean populations for frost tolerance in combination with 
earliness and immunity to viruses X and Y. Of these, 26,344 seedlings from 108 
families were screened in a growth chamber at -30C. The seedlings that survived the 
tests (29%) were transplanted to the field for tuber increase and selection. Ap
proximately 500 clones from transplants at harvest were selected for their agronomic 
value and will be further tested for frost tolerance in the field. Replicated trials of the 
most advanced selections under both frost and non-frost conditions indicated their 
high yield potential and high specific gravity (highest tuber yield: 1.89 kg/plant; highest 
specific gravity: 1.09). 
Yields as much as 35% greater than that of the local cultivars were obtained in tests 

of the adaptability of the cool-environment populations to the longer-day environ
ment of the non-Andean region. These tests were performed in collaboration with 
the national ?otato program in southern Chile (lat. 40'5'S). 
The national potato program of Peru tested 2,000 clones with resistance to frost and 

late blight in 59 locations throughout the country. The outstanding clones showing 
promise as variety releases were 375558.8, 375517.1, and 375608.5, which showed 
tolerance to frost; and 380481.6, 380493.18, and 377744.1, which exhibited late-blight 
resistance. 
A back-up population, with horizontal resistance to latc blight from sources of 

resistance free of R genes (Population B), is going through a second recombination 
cycle to increase the frequency of genes for resistance. Preliminary assessment of 
heritability suggests that rapid progress can be made in improving this character. Of 
the 65,000 seedlings screened against race "0"of P. infestans, 5% showed high levels 
of resistance. 

I larvest of potatoes to ie traded for coffee 
and other foodstuffs. Marcapata, Cuzco. 
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__ Breeding for Frost Tolerance __ 

Seedling Screening  only medium-level rates of NPK fertiliza-Studies emphasized development of tion. Singe-plant tuber-weight averagespopulations tolerant to frost, in combina- were 1.47 kg for clones in the RCB designtion with immunity to viruscsX and Y,for and 1.21 kg in the simple lattice designthe non-Andean region. A total of 26,344 (Figure 7-1), at plant densities of 37,037seedlings from 108 families were plants/ha. Highest tuber yields were 1.68screened for tolerance to frost in a kg/plant in the RCB design and 1.78growth chamber at -30C. Some 6,000 kg/plant in the lattice design.seedlings (29%) survived the test and Adaptability to a Wider Rangewere transplanted to the field in Huan- of Cool Environments cayo for multiplication, selection, and The potato population for the non-Anfurther testing for frost tolerance under dean region was tested for adaptability tofield conditions. At harvest, 500 clones longer-day, cool environments in Osorwere" selected for their desirable no, Chile (at. 405') in collaborationagronomic traits, with the INIA potato program. From the

Field Tesiing clones introduced and multiplied in theTesting in replicated trials. Clones at field during 1986/87, 50 clones weredifferent stages of selection from both selected for their agronaomic value underthe Andean and non-Andean popula- long-day conditions. These clones, intions were rouinely tested in two repli- cluding two widely grown local cultivarscated trials. One trial was under natural (Desiree and Ultimus), were furtherfrost conditions at Usibamba (3,800 m), evaluated in the field during 1987/88. Figand the oth, r trial was under frost-free ure 7-2 shows the best-yielding selectedconditions at Huancayo Station clones in the test in Chile.(3,200 m). During the 19d8 season, how- The data show strong evidence of theever, the incidence of frost was not as increasing adaptability of the potatosevere as that experienced during the population to the cooler environments ofprevious year, when temperatures fell to the non-Andean region.-10C to -30 C; thus with only light frost, Utilization of Cool-Environment

maximum yield potential was expressed. Populations in Peru
Average tuber yields in Huancayo In 1986/87, INIA summarized the results
with plant densities of 44,000 plants/ha of an evaluation of germplasm
were 1.1 kg/plant in the randomized com- throughout Peru 
 and their findings inplete block design (RCB), and 1.15 cluded the following:kg/plant ;n the simple 10 x 10 lattice A total of l,197 clones were evaluateddesign. The highest tuber yield (1.89 aL 15 locations (average altitude,

kg/plant) was obtaicd with the lattice 3,398 m) throughout the country. Apdesign. The average "ipecific gravities proximately 90% of these clones camewere 1.080 for the RCB and 1.076 for the from CIP's research project for frostlattice design. resistance. Three CIP clones were listedIn the absence of heavy frost, tuber as the most outstanding overall: 375558.8,yields at Usibamba also were high, 375517.1, and 375608.5.
despite irregular rainfall conditions and 
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Peru; and their high levels of resistanceSimilarly, 979 clones from CIP's late-
blight program were tested for late-blight were confirmed. 

resistance at 44 locations throughout 

Yield (kg/plant) 

2.00 

1.50 

1.00 

0.50 	 

82UFF 35.6 1 Yungay 1 
084 F7.10 1380474.18 (377753.1XBKF)91 82UFF 15.17 1 

84 F41.5 380431.2 381399.182UFF 5.6 

Clones 

1988. 

02 FF7.2 82UFF 36.6 

Figure 7-1. Yield performance ol clones resistant to frost. (Lattice, 10 x 10) Usibamba 
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Figure 7-2. Yield performance of best clones under long days (Chile lat. 40'S). 
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Outstanding clones 380481.6,
380493.18, and 377744.1 showed promise 

Data collected from experiment sta
tion trials on leaf-chlorophyll content areas future varieties. Variety Perricholi (of being analyzed to identify clones that areCIP origin) also showed good late-blight efficient in their uptake of N. Early inresistance and agronomic value. dications show that the semi-quantitativeAgronomic and pliy.siological studies photometric method used is no more ac-Studies on efficient use of nitrogen (N)

at traditional potato growing 
curate than is a visual quantification of areas. In green foliage color in the field.the Mantaro Valley, Peru three field tri- Studies were madeals (two 	 of relationshipson the experiment station and between root morphology and abilities toone on-farm) evaluated clones previously yield well under low N and to respond toselected for their range ofyield efficiency added N. Root-hair number, length, andunder low and high N input. Findings of distributioi were quantifiedthe on-farm trials 	 on roots ofindicate neglgible 

response to added N (180 kg/ha) in the 	
rooted stem cuttings, sprout cuttings, and
ir, vitro- and tuber-derived plants, forabsence of applied phosphorous (P) and genotypes characterizedpotassium (K), 	 by their yieldas compared to the N response to low and high soil N. Simpleresponse in the presence of applied P and correlations among theseK. The lack of response 	 root characwas associated teristics were not significant. Aswith fewer and smaller tubers, 	 a first 

step in screening clonesThree clones (379454.1, Mariva, and 
for their

nitrogen-use efficiency, multivariableYungay) were particularly responsive to analyses
the added N in the presence of applied P 

are now under way to relate 
clonal root characteristics to field pcrlborand K, but only 379454.1 responded in mance.the absence of P and K. In a similar trial Control of Fungal Diseaseson the experiment station, there wasmarked response to applied N (in 	
in Cool Environments 

con- Breeding for late-blight resistance freetrast to the previous year's experiment) of R-genes. A back-up population isfor all levels of applied P and K, but there 
was no yield response to applied P and K 

being developed with resistance to late 
alone. Apparently, levels of applied P 

Hight. This work is based initially on na
and K the 

tireS, andigenagermplasm, which has no
on experiment station soils 

were sufficient to permit response to N, 

rajor genes for resistance (Population

B). Major objectives
but additional P and K were needed 	

are to increase 
on

the farmer's field. In a field trial at the 
levels of stable horizontal resistance and
 

experiment station with .3 
to improve agronomical attributes.
clones grown Preliminary assessmentwith or without 180 kg/ha of N (in 	

suggests athe rather high narrow-sensepresence 	 heritability ofof applied P and K), those horizontal resistance to late blight in thisclones that had high yields under low N population, indicating that this characterresponded least to additional N. This can be improved rapidly by using higherfinding supports results from previous
yeftr , and data 	

inoculum pressure in combination withfrom four consecutive screening for desirable agronomicye,,., are now being processed to deter-	
at

tributes.mine yield stability and to relate these The correlation between the seedlingfindings to the response to added N. test and the adult plant test was sig
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nificant (r = 0.58), indicating that the two crossed to generate a second recombina
tests are associated. tion cycle based only on seedling screen-

A total of 65,000 seedlings was ing at this preliminary stage. Following 
screened against race "0" of P. infestans the third recombination cycle, selection 
at a concentration of 2,000 zoospores/ml. for agronomic attributes will be made in 
Approximately 5% of the seedlings were the field and will be followed by progeny
selected for high levels of resistance. testing to select parental material. 
These clones currently are being inter

, . * q v. - -

r~lr 

A" 
, * 

Weighing clones tested for frost tolerance at 3,800 m (central highlands, Peru). 
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Thrust VII
 

Postharvest Technology
 

Thrust Profile:1989 
Studies of potato storage technology concentrated on storage of consumer potatoes 
in warm-dry and warm-humid conditions. Special study interests included storage 
pests and diseases, water loss, and sprouting. Methods to control postharvest losses 
were studied in Peru, Kenya, India, Pakistan, Thailand and the Philippines, with focus 
on methodologies that are appropriate to local conditions. 
In Peru, technical support was provided for several small processing units in the 

highlands. The Huancayo plant is now processing several Andean root and tuber 
crops and operates throughout the year. Products are dehydrated using a combina
tion of solar and artificial drying. A study of integrated control of postharvest potato 
losses was repeated in rustic consumer-potato stores in San Ramon. The findings 
supported previous research showing that evaporative cooling reduced the total 
weight loss of store tubers. 

In cooperation with ENEA, in Italy, design work was begun on low-cost solar dryers 
that are more efficient than solar drying alone. I . Bangkok, a collaborative study 
with Kasetsart University investigated the demand for potatoes and potato products. 
Village-level processing and utilization of potatoes were studied by the SOTEC 
project at Bareilly, India in collaboration with CIP. This work focused on engineering 
aspects together with product evaluation. A new peeler was developed, the slicing 
equipment improved, and a blending tank made of stainless steel substituted for the 
original sheet metal tanks that had rapidly corroded. Many recipes were developed 
and snack noodles produced. 
Low-altitude potato storage trials in Kenya were designed to test household storage 

methods and box stores. Weight losses were reduced substantially by use of IPC 
sprout inhibitor in the box stores. 

Village-level potato processing 
(canning), Ilapur. India. 
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Storage of Consumer Potatoes 
Research continues to concentrate on 
storage of consumer potatoes in warm-
dry and warm-humid conditions. 
Methods to control postharvest losses 
were studied in storage experiments in 

Peru, Kenya, India, Pakistan, Thailand 
and the Philippines. Storage pests, 
storage diseases, water loss and sprout-
ing were special ii.o~As. 

Peru 


A study of integrated control of posthar-
vest potato losses under warm-humid 
conditions- was repeated in rustic con-

sumer-potato stores in San Ramon (see
Annual Report 1988). Locally harvested 
clones o were cooled by aand cultivars 
system that soaked the charcoal-filled 
store walls with water three times daily. 
Table 8-1 shows that last year's findings 
were supported: the evaporative cooling 
reduced the total weight loss of stored 
tubers. 

The incidence of Fusariumdry rot and 
associated soft rots in untreated tubers 
was low, as compared with that of pre-
vious seasons. Pre-storage dipping in
thiabcndazole or sodium hypochloritestionsnde odiumncrease 
solutions tended to increase rotting
(Table 8-2). The sprout inhibitor CIPC 
did not increase rotting, as in the pre
vious experiment, probably because the 

to lor 

Table 8-1. Mean weight loss (Ooby weight)" 
po:ato tubers in San Ramon rustic consumer po-
tate stores, with and without evaporative coo!ing. 

Evaporative Storage period (days)
cooling 60 120 180 

88 16.8 379 
S10.7 20.8 562 

CV (%) 36.6 29 1 225 
LSD 12 19 40 
"Mean of 5 cultivars wilth 3 replicate samples of 8 

kg each. 

g8
 

Table 8-2. Effect of storage treatments on the 
incidence of rotting and potato tuber moth (PTM) 
damage (% tubers affected by weight") after 
six months in rustic consumer potato stores in
San Ramon.SanRamon. 

Treatment Rotting PTMdamage 
T 
1) Control (not treated) 12.8 52.2 

2) Thiabendazole dip/, 17.3 47.3 

3) Sodium hypochlonte dip" 35.0 26.5 
4) Lantana camara' 19.6 5.75) CIPC' 11.6 0.0 
6) 2 1 3 13.6 40.8 
7) 2 t 3 1 4 27.0 1.6 

(
LSD_(0.05)_ 2.2 _63 

"Mean of 5cultivars clones with 3x 8kg per clone. 
/'Tubers dipped tor 10 minutes inthiabendazole so
lution (0.20o active ingredient). 
' Tubers dipped for 10 minutes insodium hypochlorite
solution (0.50, active chlorine).'/App!ied as a5cm cover of crushed dried leaves. 
"lsopropyl-.-(3 chloropheny)-carbamate applied as 
adust at 1.5 gkg potatoes, one month after harvest. 

inhibitor was applied one month after 
harve 

thest, allowing thorough suberizationofof te tubers prior to treatment. How
ever, sprouting was not effectively in
hibited. Covering the tubers with a
hessian sack after treatment slightly im

proved the sprout-suppressing effect of
 
CIPC.
 

wa hifestation by the potato tuber moth 
was higher in stores without evaporative 
cooling, confirming previous findings.
After 180 days of storage, the percentage 
of larva-damaged tubers was 82.8% in 
stores without evaporative cooling, as 

compared with 21.5% in the cooled 
stores. Pest control was obtained by
protecting tubers with barriers of 
crushed, dried leaves of Lantanacamara. 
Tubers treated with CIPC were not 

damaged (Table 8-2). 

http:LSD_(0.05


When foliage was removed from the 
mature crop and harvest delayed for one 
week to stimulate tuber suberization, los-
ses under rustic storage conditions 
totalled 42.3% after 4 months compared 
with only 24.3% for tubers harvested im-
mcdiately iftcr crop n; turity. This in-
creased lo',s probably was due to the 
longer tuber exposure to disease and in-
sect infestation in the field during the 
suberization period, 

The most effective method for rcduc-
ing losses was to remove all damaged and 
diseased tubers prior to storage. 
Table 8-3 shows that when the highest 
level of pre- torage selection was used, 
the weight loss of tubers during rustic 
storage was comparable with the loss ob-
served for tubers from the same crop 
stored under refrigeration, 

Thailand 

In cooperation with the Horticultural 
Research Institute and the Agricultural 
Engineering Division of the Department 
of Agriculture, a farmer survey identified 
specific postharvest problems in the 

Table 8-3. Effect of pre-storage selection on 
weight loss (% of initial weight lost) of consumer 
potato tubers (cv. Desiree) after four months in 
storage under difterent coi:ditions. 

San Ramon 

Selection Refrigerated rustic 
level" store (4C) store (23 C) 

1 3.2 5.8 
2 3,5 8.4 
3 4.5 11.2 

25 
cvLSD(005) 29 

"1 All diseased, insect damaged and .echan-
cally damaged tubers removed. 2 Diseased tu-
bers removed but tubers with peeling damage or 
insect damage (D,abrotca spp ) included. 3 Dis-
eased tubers removed but tubers with deep cuts. 
other mechanical damage. or insect damage included 

lowlands of northern Thailand. The sur
vey showed that about half of the potato 
growers produced less than four tons of 
potatoes per farm. Potatoes are corn
monly stored for up to 3 months in heaps 
50 cm to 80 cm high, which are covered 
with straw or dry grass. These heaps are 
often located in or under farm buildings, 
much like stores of onion and garlic. 
Potato tuber moth (PTM) was the most 
important storage problem. The survey 
showed that 75% of the farmers would 
elect to improve their present storage 
system, if the required investment cost 
did not exceed US$13.00 per ton of 
potatoes. 

Based on needs assessed in the survey, 
improved storage methods were 
developed and tested in on-farm re
search. The advantages of storage boxes 

equipped with slatted ventilation ducts 
placed on the floor were compared with 
storage methods used by farmers. The 
boxes had double walls made of bamboo 
strips, were insulated with rice husks, and 
came in two sizes - 80 cm and 120 cm 
Tubers in the boxes were covered with 

rice husks for protection against thepotato tuber moth. During the storage 
p er m oth. u ingtempera e 
period, minimum outside temperatures 
ranged from 220 C to 240 C and maxi
mum !emperatures from 300 C to 340 C. 
Temperatures in the potato heap ranged 
from 260 C to 280 C. Total tuber weight
loss after 9 weeks of storage averaged 
38.4% in the farmer's method, 7.2% in 
80-cm boxes and 8.2% in 120-cm boxes. 
In the farmer's method, 30% of the tubers were damaged by PTM, whereas no
tubers were damaged in the boxes. 

During the storage period, potato
prices increa 

sed by 50%; returns on in
vested capital (storage structure and 

otatoes) were negative for the control 
p
and + 27% for the boxes. 
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Pakistan 

In cooperation with the Pakistan Swiss 
Potato Development Project, evalua-
tions continued on different designs of 
evaporative cooling systems for potato 
stores. A highly efficient air humidifier 
(water atomizer) was compared with a 
locally available desert cooler. Both 
cooling systems were installed on an ex-
perimental store equipped with a forced 
draft ventilation system. 

The storage capacity of the ex-
perimental store was 20 tons of potatoes 
for each application. Tubers w're 
treated with the sprout inhibitor CIPC. 
Total tuber weight loss after 3 months of 
storage was 6.3% in the store equipped 
with the desert cooler and 8.8% in the 

store equipped with the water atomizer. 
By coinparison, tubers stored in the cold 
store during this period showed a total 
weight loss of 5.5%. Daily maximum and 
minimum outside temperatures during 
the last month of the storage period 
averaged 40.40 C and 24.40 C, respec
tively. During this period, the average 
maximum RH was 46%, and the average 
minimum RH was 27%. 
Kenya 
Low-altitude pot':to storage trials were 
conducted on the Kenya coast, where 
stores were loaded on August 31st and 
unloaded on November 11-12, for a 
storage period of '.70 to 72 days. Com
parisons were made of household storage 
methods and box stores. For thL 

Experimental evaporative cooled store. Atomizer used as humidifier. Punjab, Pakistan. 
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household methodology, the potatoes 
were stored in 1)baskets and 2)tradition-
al heaps on the floor. At unloading, bas-
ket storage provided 95% good tubers 
and the heap method provided 88% good 
tubers. The losses in the heap method 
were due mainly to increased moisture 
loss and to a slight increase in sprouting 
and rotting. 

The box stores methodology was used 
with and without IPC sprout inhibitor. 
They were loaded on August 31st and 
unloaded on December 21st, 112 days 
later. The results are shown in Table 8-4. 
Weight losses were considerably reduced 
by the IPC treatment, which provided 
74% good tubers, as compared with 53% 
in the untreated box. 

Diffused light store, Kenya. 

Table 8-4. Low-altitude storage trials: Mtwpa. 
Results of trial loaded on August 31 - September 
4, 1987. Unloaded on December 21, 1987: 112 
days. 

Box with Box 
Trial results IPC (%) (%) 

Good potatoes 73.88 52.54 
Losses 
Sprouts 1.91 1.70 
Rotten 8.05 10.74 
Rat damage 0.76 0.21 
Cockroach dam ge 0.52 0.27 

Moisture loss 14.89 34.54 

Total losses 26.19 47.46 
Notes: Two nets of small but apparently sound tu
bers grown from seed stored innaturally ventilated 
storage and then DLS were placed inthe box store 
for test. Their influence largely obscures a true ap
praisal of this comparison (control with IPC), because 
they collapsed due to soft rotting and this affected 
the complete stores. 
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Two kinds of naturally-ventilated 
stores were tested using controlled ven-
tilation plus evaporative cooling. 

Potato Processing__ 
Peru 

Transfer of processing technology and 
training were primary objectives in Peru. 
Several small processing units are under 
construction in the highlands of Peru, 
with technical support from CIP. CIP 
also continues to give technical support 
to the work'of Centro IDEAS, whose 
processing plant at Huancayo isbased on 
technology developcd at CIP's pilot 
plant, 

The Huancayo plant is now process-
ing a variety of Andean roots and tubers 
and operates throughout the year. 
Dehydrated potato products include 
"crerna de papa" (for mashed potatoes),
"papa scca", "papa semola" (for soups) 
and dehydratcd potato-based food 
mixes. Products are dehydrated using a 
combination ofsolar and artificial drying. 
Experiences of processing projects in 
other countries have indicated a need for 
low-cost drying systems that are more 
efficient than solar drying alone. 

In cooperation with ENEA, Italy, 
designs of solar dryers equipped with ad-
ditional artificial drying systems are 
being tested at CIP's experimental sta-
tion in luancayo. 
Thailand 
. . .. ... .... ...... 

Becauseofincreasingdemands forgood-
quality potato products in many 
Southeast Asian countries, high priority 
has been given to the evaluation of clones 
for processing quality. In cooperation 
with the Agricultural Chemistry Division 
of the Dcpartmcnt of Agriculture, over 
30 clones and cultivars grown at low 
elevation (500 m) were evaluated for use 

Aproximately 91% good potatoes were 
unloaded from each store type, and there 
were not differences in loss. 

in processing into chips and french fries. 
All advanced clones are now routinely 
tested for processing quality as well as for 
domestic cooking quality. The cultivars 
Kennebec and Atlantic showed both 
good processing characteristics and 
good field performance. Local factories 
use locally grown tubers of cv. Kennebec 
for processing of chips and french fries; 
thus Kennebec is used as a check in 
evaluation of clones for processing. 

Kasetsart University in Bangkok, in 
cooperation with the Horticultural Re
search Institute and CIP, completed a 
study on the demand for potatoes and 
potato products in Bangkok. The study 
showed that about one-third of the total 
potato production is consumed in the 
form of processed products. A total of 12 
different brand names of potato products 
were identified in the local market. Most 
of the products were produced by local 
processing companies using the Ken
nebec cultivar. 

High-income household consumption 
of potatoes was twice that of low-income 
households. High potato prices were 
identifiedasoneofthemainfactorslimit
ing potato consumption. Retail price 
(averaged over three tuber grades) was 
l1lX) percent above the average "farm
gate" potato price, suggesting consider
able costs related to marketing. 

With an estimated increase in con
sumcr income in Bangkok of 10% per 
year and a population growth of 5% an
nually, potato demand is expected to in
crease by 9% yearly. Study 
recommendations include the estab
lishment of d production and postharvest 



program that would gradually rcduce 
potato retail prices, while increasing 
quality of consumer potatoes. 

To meet the expected increase in 
demand for consumer potatoes, it was 
recommended that the supply of good 
quality seed to farmers should be in-
creased and the national seed program 
expanded. 

Other recommendations were that 
high priority be given to selection of high-
yielding potato varieties suitable for 
processing, and that grading and selec-
tion practices a, the farmer level should 
be improved to reduce losses during han-
dling and marketing. 

A low-cost-potato-processing study is 
being made as a Ph.D. thesis project. 
Various driers have been constructed 
and a number of samples of potato flour 
produced. Product stability isgood and 
incorporation into brcad and other mixes 

is promising. Additional details will be 
available when the thesis is published. 
India 

Village-le,'el processing and utilization
of potatoes were studied by the SOTEC 
project at Bareilly, India in collaboration 
with CIP. This work has focused on en
gineering aspects together with product 
evaluation. A new peeler was developed, 

the slicing equipment improved, and a 
blending tank made of stainless steel sub
stituted for the original sheet metal tanks 
that had rapidly corroded. 

Many recipes were developed and 
snack noodles produced. Some noodles 
failed to puff after several weeks storage, 
and this problem is being examined by 
Compatible Technology Inc. of Min
neapolis. Good packaging remains a 
high-cost input and a constraint on 
production that requires additional 
study. 

Power-driven peeler (left) and slicer (right), Chandawsi, India. 
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ThrustLX
 

SeedTechnology 

Thrust Profile: 1989 
CIP now produces hybrid TPS from new hybrid combinations, using a large-volume
production unit in Lima. This seed is distributed to countries participating in the 
international TPS trials. Improved devices and methods were developed for pollen
extrac'ion, storage, and pollination for large-scale hybrid TPS production. Studies 
were made of the use of TPS in producing table potatoes on subsistence-level farms. 
A low-cost method showed promise in use of locally available substrates, which were 
solarized to control soil-borne pathogens and irrigated from local streams using a
simple, gravity system. Other studies examined TPS germination and early seedling
vigor responses, as well as parental effects on the rooting capacity and early-field 
establishment of potato seedlings. 
The influences of location, seed maturity and supplemental N during production of 

the TPS were examined as an aid in the selection of more vigorous clones during early
seedling emergence and development .The performance of planting materials from 
similar genetic backgrounds was evaluated for effects of tuber origin, single-sprout
seedling tubers, stem cuttings and apical cuttings. The results suggested that 
physiological factors, rather than genetic factors, influence tuber number and size 
distribution. 
To help plant breeders plan effective crossing blocks, studies were made of flowering

iaduction in sweet potato, and 1,460 accessions from the CIP sweet potato germplasm
collection were grouped into categories of high-, niederate-, and low-flowering
capacity. Only 3% of the accessions were rated as high-flowering; 88% as moderate
flowering; and 9% as low-flowering. Sweet potatoes were grown continuously for 12 
months without being harvested in order to obtain an uninterrupted record of the 
developmental responses of 150 varieties. They were grown in Peru at latitudes from 
50S to 170S under a wide range of environmental conditions, at locations including
coastal desert, cool highlands, and mid- and low-elevation humid tropics. The results 
indicate that the traditional biannual harvest has a negative effect on flowering. 

A case study of Ecuador's seed potato system has been completed. It was part of a 
series exploring the strengths and weaknesses of seed systems. 

Farmers harvesting tubers grown 
frorn 's seedlings, i-gypt. 
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'Iue-Potato-Sed Breeding-___
 
Inter -itional TPSprogL~i._Evaluation Trials..u... .ton.......... .
 

The International TPS Progeny Evalua-
tion trials continued to produce new 
high-pcrforming progenies. In 1988, 26 
families were included in trials at San 
Ramon, Peru, in the sumrn"r and winter 
seasons. Yields generally varird between 
the two seasons, except for four 
progenies that had relatively stable 
yields: 377887.25 x LT7; Atlantic x LT7; 
C83.119 x Santo Amor; and LT-8 x 
AVRDC-1287.19. LT8 x AVRDC-
1287.19 also had good stability in the 1986 
international trials for long-day perfor-
mancc. 

Production of Hybrid TPS 
A relatively large-scale production unit 

has been established in Lima to produce 
new hybrid combinations of TPS for dis
tributing to countries participating in the 
international trials. Most of these plants 
were grown from in vitro propagated 
plantlets, and then transplanted to the 
field on two consecutive plantiig dates 
(Photo 9-1). For each plailting date, the 
female cloncsweretransplanted about 20 
days after the males. Management prac
tices toenhance flowering included train
ing of plants; proper irrigation mcthtcds; 
pest control; use of night breaks of three 
hours scheduled according to seasons; 

Hybrid TPS production in Lima of 36 new progenies for regional evaluafion. 
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Manniaqeirtrt practices 'Ind field devices for optlling flowering in selected paren ts 

additional side-dressing of nitrogen 
every 8 days; and occasional u;c of 
growth regulators for flower induction in 
soeic clones (Photo 9-2). The ratio of 
fcmalc to male planiswas l: l, with a plant 
spacing of 1.5 m x 0.4 m. Field cstab-
lishment of the in vitro plants was en-
hanccd by a drip irrigation system. The 
parcntal clones u:,cd as females in the 

crossing block were LT-8, 1-1035, Atlan
tic, CFK69. I, B71.240.2, Serrana, and At
zimba. The male clones were TSI, TS2, 
LT7, 7XY.1, AVRDC 1287.19, and 
R1286. The pollen was collected daily 
and stored at -120 C. Characteristics of 
the male progenitors varied greatly 
(Table 9-1). 

useo Lima (May July)n 
for hvbrid TPS production 

Flower Pollen 

Male 
progenitor 

nitiation 
days after 
planting 

Flowering 
period 
(wks) 

No. flowers 
per plant 

Pollen 
fertility 

0o 

per 25 
flowers 

(mg) 

IS-1 54 2 2.8 5 8.4 
TS-2 30 3 55 23 14.4 
LT-7 48 4 13.0 25 18.4 
7XY 1 46 6 83.0 45 60.6 
AVRDC1287 19 40 8 16.0 38 51.1 
R128 6 70 .10 78.0 48 63.1 

Table 9-1 Flowering and pollen characteristics of different male progenitors 
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Three male parents (7XY.1, R128.6,
and AVRDC 1287.19) were evaluated to 
determine the effect of post-storage 
temperatures on their pollen viability. 
Sec:'..tting in flowers pollinated at sixdiffcent developmental stages is being
analyzed to define the best pollinating
time and to minimize the probabilities of 
selfing. Improved devices and methods 
were developed and tested with promis-
ing results for pollen extraction, storage,
and pollination suitable for large-scale 
hybrid TPS producion. 
South America 
To meet the strong local demand for 
reducing costly imports of seed, trials 
were begun in Paraguay to investigate the 
potential for a TPS, tuber-based seed sys-
tern. Annual seeding of botanical seed 

during the winter season (June-July) is 

thought to be capable of providing heal-

:hby planting material that can be stored
during the sImmer (December-
February). This material then could be 
utilized the following year in several 
plantings. 

Fourteen progenies were sown in a 
nursery in July 1987 and later 
transplanted to seedbeds (total trans-
planted area: 50 in 2). The seedling tubers 
were harvested in December, then 

Table 9-2. 

graded and stored under diffused-light
conditions. High summer temperatures 
promoted fast sprouting. 

In related trials: 

Seedling tubers of 9 g to 20 g 
were planted in seedbeds in 
March to study the potential of 
a second multiplication for the 
1988 planting season. 

eSeedling tubers larger than 20 g
also were planted in the field in 
March to evaluate the produc

w 

tion of consumer potatoes and 
healthy seed for the planting 
season. 

Seed emergence was uneven in these 
trials, except in sections of the field that 
were occasionally shaded by nearby
plants. Later in the season, all progenies 
grew well with fast canopy development
and satisfactory yield performance.

For the foarth consecutive year, large
quantities of TPS were produced in the 
south of Chile as a part of the collabora
tive project between INIA and CIP 
(Table 9-2). So far, a total of 56.7 kg of 
hybrid seed has been produced and dis
tributed worldwide. The conditions for 
TPS production during 1988 were by far 
the best in four years. 

Summary of TPS produced in Osorno (Chile) during four seasons (1984-88) under theCollaborative Project INIACIP. INIA, Osorno, 1988. 

Net area" Total fresh Total dryNumber of plantsSeason (M) Male 
fruit weight seed weightFemale (kg) (kg) 

1984 1985 698 781 383 372.4 5.391985 1986 
 2341 
 2411 
 1420 
 1140.3 
 13.16
19861987 
 2266 
 2414 
 1215 
 481.2 
 5.78
1987,1988 
 3131 
 2870 
 2610 
 2635.2 
 32.40
 
Total 0436 8476 5628 4628.8 56.70 

Net area: Does not include boders, areas to separate block progenies, or blocks of male2 or females. 
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Africa 

In April, 1988, potatoes were produced 
from TP3 at three locations in 
Cameroon. The main constraints in test-ing this technology were insect damage 

(cut worms mostly) after transplant, and 
climatological factors, especially heavy 
rains (up to 700 mm in one week). 

TPS from 22 progenies were sown in 
early April in a large seed nursery 
(10 m ). Soil was not sterilized and only
Furadan was applied two days before
sowing. (Germination was 80% for most 
progenies although two piogenies had 
germination rates lower than 25%. After 
40 days, seedlings were transplanted to 
nurseries and fields for seedling tuber 
production. 

Asia -___ 

Approximately '735,000 seeds have been 
produced from 152 hybrid combinations 
at the Canlubang and Santa Lucia sta-
tions in the Philippines. An extended day 
length (18 hrs) and heavy (800 kg/ha) fer-
TPS Physioloy 

.WS_hy1OjY __ __ _ 

Seed Density 

Low-density TPS from ten crosses 
produced seedlings that had lower per-
centages of emergence and/or dry weight 
than did seedlings of medium- or high-
density seed, except for TPS ofAtzimba 
x R128.6. The differences between high-
and medium-density seed effects 
generally were less important than the 
differences when they were compared 
with effects of low-density seed. The 
female-parent genotype had a stronger 
effect on seedling performance than did 
the pollen source genotypes (Atzimba vs 
CFK69.1 crosses). However, the results 
also may suggest that the specific com-
bining effect of the pollen parent could 

tilizer applications (split, applied week
ly) resulted in profuse flowering for most 
of the parents, especially for 381064.3, 
381064.7, 381064.10, and 381064.12. 

Research focuses on identification of 

TPS progenies (hybrids and open pol
linated) with high-yield potential as 
transplants, as well as on tuber genera
tions with resistance to bacterial wilt and 
viruses. 

China 
Improved TPS progenies are being 
developed for various environments ofChina. During 1988,25 kg of high-quality 
OP seed was collected at Wumeny and 
5 kg of hybrid seed was collected at 
Hum,ny for distribution to farmers in 
southwest China. Improved coordination 
between research and extension, high
quality seed, and establishment of TPS 
collection procedures helped boost the 
area planted with TPS transplants from 
33 ha in 1987 to 110 ha in 1988. 

_ _ _ 

influence 
_ 

early seedling 
_ 

performances 
(Serrana x LT7 vs other crosses x LT7). 

Radical Elongation 
The effects of TPS crosses on early radi
cal development were studied in 23 dif
ferent crosses, and mother-plant 
influences were found to be significant. 
The most vigorous cross, Atlanticr.LT7, 
was used to demonstrate the importance 
in TPS production of location, seed 
maturity, and supplemental N for effec
tive selection of more vigorous crosses 
during early seedling emergence and 
development. Two other selected crosses 
(Atzimba x R1286.6 or Atzimba x 
DTO2) were used to show that high 
levels of supplemental N during seed 
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production and proper seed develop-
ment at harvest are both essential for 
enhancing seed vigor and preserving 
vigor during long-term storage. 

Supplemental Nitrogen --

Supplemental Napplied at regular inter-
vals (10 days) during seed development 
has been shown to increase seedling vigor 
of TPS, when seed is tested after storage 
of more than 12 months. This improve-
ment was clearly shown in TPS tested 
under high (> 250 C) temperatures after 
20 months of storage. However, sup-
plemental- N has also been shown to 
lower seedling performance in tests of 
newly-harvested TPS. Thus, supplemen-
tal N effects are associated with both 
increased seed vigor and increased seed 
dormancy. 

Under favorable temperatures (200 C 
to 250 C), supplemental N, applied at the 
rate of 540 kg/h and divided into 6 ap-
plications, produced TPS that emerged 
at a much faster rate than did the control 
or other N treatments. The N treatments 

had similar effects on the percentage of 
emergence and seedling dry weight. 
However, emergence under favorable 
temperatures was 90% for all treatments, 
and dry weights varied by a maximum ofonly 0.7 mg/plant. Thus, supplemental N 
influences on TPS vigor are more evident 
under supra-optimal temperatures. 

Early Vigor 
Studies were made of TPS germination, 
early seedlingvigor, andfinaizingparen
tal effects on the rooting capacity and 
early-field establishment of potato seed
lings. The TPS vigor studies used seed of 
six selected hybrid combinations 
producei at Huancayo. The seed was 
obtained by pollinating flowers of only 
one influorescence per plant on the same 
day for each hybrid, leaving only four 
berries to develop per plant. The seed 
was harvested 50 days after pollination. 
Standard procedures were used for seed 
extraction, drying, and storage. The seed 
was germinated under light or dark con
ditions at 2 to 6 months after extraction 

Screening for resistance to transplant shock, CIP-Lima. 
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and the corresponding rates for each 
progeny and environment were calcu-
lated for a germinating period of 15 days. 
Although the experiment is still at a 
preliminary stage, progenies were shown 
to differ in response. 

Pollen Selection 
Previous studies of seedling charac-
teristics suggested that pollen-selection 
techniques may be an effective tool for 
increasing the uniformity of progeny per-
formance in some TPS crosses. Findings 
indicated that the tolerance of pollen 
grains to high-temperature exposure may 
not be associated with a higher adapta-
tion in the clonal pollen parents for 
producing tubers under tropical condi-
tions Similarly, such tolerance may not 
influence the performance of the result-
ing TPS cross during emergence ai 
supra-optimal temperature. These ex-

TPS Agronomy 
South America 

In Peru, advanced TPS progenies from 
CIP's breeding program, included in the 
international TPS trials, were evaluated 
for performance as transplanted seed-
lings or as seedling tubers. The seedling 
tubers were produced during the off-
season in protected nursery beds. Be-
cause the region is a basic 
seed-producing area, virus build-up is 
important; therefore, the seed-sized 
tubers (3.5 cm) are being evaluated for 
virus contamination over three succes-
sive generations. 

At San Ramon, anothbr experiment 
evaluated a TPS utilization system for 
small farms in hot-humid areas. 

Use of TPS to grow table potatoes in 
beds might offer an attractive production 
alternative, especially in subsistence-
level farming areas. In San Ramon, a low

periments were repeated and expanded 
in 1988 to include a wider variety of 
genotypes. 

The study findings also suggest that 
pollen grains of different sizes may 
produce TPS progenies that differ in 

sporophytic characteristics, at the seed
ling stage. That is, the proportion of pol
len sizes and their viability may differ 
among Jones, which suggests that such 
differences also may occur in pollen lots 
of a given clone when harvested at dif
fcrent stages of plant maturity. In 
preliminary experiments, several new 
crosses were produced using pollen of 
various sizes. The TPS will be tested for 
the effects of pollen size on the resulting 
seedling and tuber characters. 

The work on pollen selection is ex
pected to produce results that can be 
applied to large-scale TPS production. 

cost method using locally available sub
strates has shown promise. The sub
strates are solarized to control soil-borne 
pathogens, and asimple irrigation system 
is used to appiy water from streams, 
which are commonly found on tropical 
farms The usefulness of this system for 
household production will be assessed 
under farmer-management conditions 
on three different farms in the San 
Ramon area. 

Four TPS progenies of Atlantic x LT
7, Serrana x LT7, CFK69.1 x DTO-33, 
and Atzimba x 7XY.1 were evaluated in 
Paraguay. In cooperation with national 
institutions, 200 m2 of seedlings were 
grown in seedbeds and 100 m2 infarmers' 
fields. Agronomic performance was 
evaluated and both groups of col
laborators agreed that Atlantic x LT7 and 
Serrana x LT7 showed fewer problems 
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during transplanting and produced fewer 
and larger tubers, 

Africa
Spring- and fall-season experiments in 
Egypt examined the feasibility of usingseedling tubers as an alternative source 
of planting materials. Different sizes and 

generations of seedling tuber progenies 
were uscd, with imported andvat: 'ics used localas checks. Some of the 

finding are listed below, 
Imported seed and physiologically-

old seedling tubcrs had better emergence 
rates and more stems per hill than didlocal physiologically "orug tubers, 

Imported varieties and seedling 
tubers from the spring crop had higher
yields than did those from the fall crop. 

For the spring crops, the amount of 
consumer tubers produced from seed ob-
tained from imported seed and from 
seedling tubers was greater than that 
produced from the fall-crop seedling 
tubers. 

Seven tons of first- and second-
generation seedling tubers produced at 
CIP-Kafr EI-Zayat Experimental Station 
in the spring were distributed to 40 
farmers. The performance of these 
farmers' plots (100 m2 to 200 in2 ) during 

the fall was evaluated and compared with 
farmers' plots sown with seed of 
European varieties. The seedling tuber
yilswr.eeal ihrtatoeoyields were generally higher than those of 
farmers' seed, and farmers' responseswere positive about the prospect of using
seedling tubers.

In Cameroon, TPS feasibility trials ex
amined the use of TPS to produce 
aie The use f TPpotatoes. They t rewere planted in three

locations in unsterilized field soil; yieldand numbers of tubers were only average, 
although some progeny produced more 

2 

than 250 mini-tubers/n. Transplants 
were unsuccessful because of severe attacks by crickets and large ants. 

Asia 
Multilocational trials of the All-India 
Coordinated Potato Improvement 
Project over two seasons confirmed that 
hybrid TPS-family yields equaled or sur
passed those of standard cultivars when 
used as transplants or first-generation 
tuberlets (Table 9-3). In other corn
parisons with local cultivars in India ard 
Sri Lanka, trials over two seasons showed 
thai selected TPS hybrid progenies main
tained better yield potential for at least 
two generations of tuber production. The 
best-yielding hybrid progenies have been 

Table 9-3. Evaluation of TPS families: on-farm trials with F, C, tioers in Meerut District (U.P.) India 
during 1987-88 season 

Yield (t ha) 

Families Site I Site II Site III Site IV Mean 

HPS-1 Itt 
HPS -2 Itt 

20.8 
19.8 

26.3 
25.3 

28.0 
20.2 

28.3 25.9 
21.8 

HPS-t 1I1 
PS-II Itt 

20.4 
25.0 

27.3 
29.3 

27.8 
31.6 

27.9 
28.5 

25.8 
?8.6 

Kufri 
Badshah (cv) 21.9 25.6 25.3 25.4 24.5 

NPK fertilizer applied: 150.80:100 kg ha 
Crop duration. 90-110 days 
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distributed to Bangladesh, Nepal, Sri 
Lanka, and the Philippines. 

In Vietnam, .20 kg of OP TPS of 
CFK69.1 and Atzimba was collected 
from farmers in Dalat. This seed was dis-
tributed to 45 cooperators, who har-
vested 48 ha of transplants in 1988. 

Propagation 
To validate previots expcriments, ran-
don comparisons were made among 
single-sprout seedling tubers, stem cut-
tings (mother plants from seedling 
tubers), apical cuttings (from seedlings) 
and seedlings. These materials were all 
from the same progenies and were com-
pared in nursery beds and in the field 
(San Ramon and Lima) at constant main-
stem densities. 

The seedlings had the lowest survival 
rate in nursery beds (Table 9-4). Yields 
from stem cuttings were significantly bet-
ter than those from either st -dlings or 
apical cuttings. Seedlings had the highest 
tuber number per plant and percentages 
of small tubers (10 g) whereas these 

Table 9-4 Yield and yield components of planting 

In China, two CIP TPS progenies 
(CFK69.1 x 7XY.1 and 379303.37 x 
7XY.1) have yielded 40 t/ha in the seed
ling tuber generation. One of these 
progenies will be selected for potato 
production of seedling tubers in south
west China using hybrid seed produced 
in China. 

mcsurcs were irtermcdiatc in seedling 
tubers and apical cuttings, and lowest in 
stem cuttings. As a result of these find
ings, more emphasis will be placed on 
seedling tuber production and use. 

At Lima, seedling survival rates in the 
field were lower than those for seedling 
tubers and stem cuttings. At San Ramon, 
field survival rates among planting 
materials did not differ statistically 
(Tabh. 9-5). Yields among propagation 
methods for each progeny did not differ, 
except for Atzimba x R-128.6 at Lima, 
where the difference between seedling 
tubers and stem cuttings was significant. 
As in the findings with nursery beds, 
tuber numbers per plant were highest in 

materials from TPS progenies in nursery beds 
(Means of Lima winter and San Ramon dry season experiments, 1988). 

Plants 
harvested 

00 
Tuber number Yield 2Per plant %. log kg per m 

CEX-69 1 x DTO-28 
Seedling tubers 84 6.2 63 5.5
 
Stem cuttings 87 2.4 30 5.7
 
Apical cuttings 83 5.8 66 3.9
 
Seedlings 
 62 12.0 87 4.0 

Atzimba x DTO-28 
Seedling tubers 79 3.6 60 3.4 
Stem cuttings 80 2.9 35 6.0 
Apical cuttings 78 5.1 56 4.7 
Seedlings 54 11.3 80 4.1 

LSD 50. 11 1.0 12 1.2 
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Table 9-5. Yield and yield components of 
single-stem planting materials from TPS proge-
nies in the field (San Ramon dry season, 1988). 

Plants 

Harvested 
tubers 

(%) 
Yield 

per hill tha 

CFX-69.1 x DTO-28 
Seedling tubers 64 8.1 11.2 
Stem cuttings 73 5.7 12.4 
Apical cuttings 80 12.2 11.7 
Seedlings 75 15.8 13.4 

Atzimba x DTO-28 
Seedling tubers 62 7.5 13.4 
Stem cuttings 75 7.4 17.5 
Apical cuttings 76 11.7 18.9 

Seedlings 66 12.9 14.5 

LSD 500 ns 3.3 5.6 

seedlings and lowest in stem cuttings. In 
comparisons between seedlings and api-
cal cuttings, and between seedling tubers 
and stem cuttings, the differences in 
tuber numbers recorded in the field were 
less than those in nursery beds. 

In previous studies of the effects of 
tuber origin on seed production, seed 
tt bers from warm climates have yielded 
significantly less than their counterparts 
from cool climates, irrespective of the 
production method used. Table 9-6 
shows the results when mother plants 

were raised from seed tubers of warm
and cool-climate origins. Stem cuttings 
were then compared under warm

climate field conditions. Tuber-origin ef
fects were not reflected in cutting andsurvival rates or in total and marketable 

yield (Table 9-6). Thus, seed tubers 
produced in warm climates may be a 
suitable source of mother plants in 
potato-production systems based on cut
tings. 

South America 
In vitro propagation techniques have 

iro proiques have 
been improved and approximately 6,000 
mini-tubers are being produced twice a 
year in greenhouses in Uruguay. Results 
from the fall of 1988 showed that these 
mini-tubers had a multiplication rate of 
20 t/ha. Three locally selected clones are 
being multiplied with this method, to be
used as substitutes for some imported 
seed. 

Africa 
At Nairobi, in work with the National 
Potato Research Program in Tigoni, spe
cial-project funding was used to 
rehabilitate the facilities and reorganize 
the basic seed program. The production 
cycle was begun with carefully selected 
tubers of five standard Kenyan varieties 
produced at ADC Molo. Five tubers of 
each variety were sent to Lima to under-

Table 9-6 Effect of tuber origin to produce mother plants on performance of cuttings in the field 
(Lima, summer 1988). 

Climate during Survival 	 Yield2Variety seed production % Total gm Marketable (%) 

Desiree 	 warm 87 1670 91 
cool 90 1630 93 

LT-5 warm 86 1570 	 92 
cool 	 85 1470 89
 

ns ns 
 ns 

114 



go virus clean up. The number of cuttings 
harvested per mother plant was low, ex-
cept for Kenya Baraka, which yielded 36 
cuttings/plant. The low rates were at-
tributed to high soil and air temperatures 
in the screenhouses. A new, larger 
screcnhouse is now under construction, 
with a capacity of 10,000 tuberlets per 
season. 

Asia 

On-farm trials in the Philippines have 
shown the feasibility of growing potatoes 
from apical cuttings. In 64 trials, cuttings 
from 1-1085, 1-1039, P-7, and 1-1035 
yielded over 21 t/ha and produced higher 
economic returns than did the control 
grown from tuber seed, although overall 
yields of the cuttings were lower. 

Evaluation of CIP germplasm for 
suitability as cuttings for consumer 

potato production has revealed several 
areas for exploitation. In Vietnam, 
farmers continue to use sprouts to rapid
ly multiply limited amounts of seed 
tubers. 

Again, major genetic differences have 
been detected. The clone CIP 380584.3 is 
an outstanding performer for sprout 
utilization. 

China 

In vitro tuber production experiments 
were extremely successful in using stand
ard procedures for growing shoots in 
shallow M.S. substrate media for 2 to 3 
weeks; then tuber-inducing regulators 
were used or else the flasks were put in 
the dark. Micro-tubers were harvested at 
3 to 4 weeks. This technique will now be 
incorporated into the pre-basic seed
production program. 

Case Studies on Seed - Tuber Systems
 
A case study of the seed-potato system in 
Ecuador was completed as part of a 
series designed to identify strengths and 
weaknesses of tie seed systems. The 
series includes similar reports on the 
Philippines (Annual Report, 1988), 
Kenya (upcoming) and a combined 
report on Canada, the Netherlands and 
the United Kingdom (Annual Report 
1988:157). 

In Ecuador, where potatoes have been 
cultivated for thousands of years, small 
highland farmers produce most of the 
crop. The government has been involved 
officially in potato research and exten-
sion for 25 years, and in potato-seed 
production and promotion for 15 years. 
However, seed production in the official 
program remains at a relatively low level, 
Apart from the introduction of new 
varieties, the basic technology of seed 
production, selection, storage, manage-

ment, and marketing in the informal 
small-farm sector has changed little in 
recent decades. 

Among the major technical innova
tions in potato production, modern seed 
production appears to have had less of an 
impact than have other innovations. 

New varieties have made the greatest 
impact on the seed potato system, and 
most of these have been diffused and 
adopted within informal systems. This 
finding highlights an important weakness 
in the formal seed system: the lack of an 
effective seed distribution model. The 
potato-growing areas of Ecuador have 
distinct large- and small-farm sectors, 
with separate seed-potato systems. 
Generally, these two systems have little 
contact. 

A principal conclusion of the study is 
that institutional and coordination 
problems-rather than technical pro
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blems -are limiting the effectiveness of extending research results to the appr
the seed program in Ecuador. The seed priate users. 
program is part of the broader task of 

Sweet Potato 
To help breeders make better crossing 
blocks for sweet potato and to improve
seed production, studies were made to 
categorize or regroup sv ect potato 
gcrmplasm available at CIP. 

Based on the number of flower buds 
and flowers on vines, 1,460 accessions of 
sweet potato were grouped into 

State 

Pat. 1 

Flower (F) 

Bud (B) 

No bud (N.B.) 

Pat. 2 

F 

categories of high-, moderate- and lo 
flowering capacity. Of the total acce 
sions, 3% were in the high-flowerir 
category, 88% in the moderate, and 9 
in the low. 

The selected accessions of the thre 
categories have shown eight patterns (
flowering habit. Patterns designated l, 

B 

10 11 12 1 2 3 4 5 6 7 8Pat.6
 
I I I I I I I 

N.13.
 

10 11 12 1 2 3 4 5 6 7 8 

Montrs 
Remarks: Plants were grown in open field at CIP-Lima. Planting date, July 20. 1986. 

Figure 9-1. Flowering pattern of sweet potato. 
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and 6 arc shown in Fig. 9-1. The majority flowering accessions are easily induced 
of accessions with high-flowering to flower by grafting and/or a short-day 
capacity follow pattern 1. Patterns 1 and treatment (9 hr). 
2 described the habits of most of the The findings on short-day treatment 
moderate-flowering accessions, while effects on flower induction of scion and 
pattern 6 included 30% of the low- root stock in grafted plants clarified the 
flowering acccssions. The flowering pat- principles of flower-induction capacity of 
tern seems to be determined by the a stock. Figure 9-2 shows the effects of 
juvenile period of an accession and by its photoperiodic pretreatment on scions 
response to photoperiod and tempera- and root stocks. 
ture. The flower-induction capacity of the 

A study of short-day treatment and stocks (L nil,purpurea,and setosa])were 
grafting effects on flower induction indi- studied and varietal differenct'. were 
catcd that the high- and moderate- determined for flower-induction 

Flower 30 days plant 

100 

SD (9 hr) 

ND (13-11.5 hr) 

LD (15 hr) 

50 

oTh 
1/" SN ND LD SD ND LD SD ND LD SD ND LD 
2/ SD LD SD SD 
3 SD SD ND ND 

Root stock, c c 1 (I purpurea) SD. ND, and LD stand for short, natural, and long day.
 
"I photoperiodic pretreatment on root stock 2 pholoperiodic pretreatment 
 on scion. 

photiperiodic during growing period: 4 var. RCB 195 of Cal. It 

Figure 9-2 Effect of pretreatment of scion and root stock on flowering under different 
day lengths. 

3 
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capacity of the stocks, positive effects of This research provided an uninterrupted
short-day treatment of the stock (L nil), record of the developmental responses ofand for the effects of age of the stock 150 varieties under a wide diversity of(Lnil) on flower induction of the grafted environmental conditions throughoutplant. The techniques useful for improv- Peru at locations including coastaling flower induction in sweet potato in- desert, cool highlands, and mid- and lowcluded selection of competent stock of elevation humid tropics (from latitudeshigh compatibility, conditioning of stok 5°S to 170S). Preliminary analysis ofby short-day treatment, taking of scious selected varieties indicates that thefrom mature mother plants, and growing flowering of a given variety of sweetof the grafted plant under short-day con- potato can vary considerably from oneditions (Fig 9-2). location to another. Thus, environmental

L purpurea with wbite flowers is requirements for the various developrecommended as an elite root stock for mental responses may differ widely
open-fieldgrowing, and for its high com- among sweet potatoes and other
patibility for grafting with scions, adap- Ipornoea species.
tability to rather heavy soil, tolerance to After experiments in 1986-87 andnematodes, and high-flowering induction 1987-88, 14 varieties were selected thatcapacity. L nil also is recommended as perform well in cool environments.
elite stock, especially when grown in pots. Three of the I" va; proved to beIt has a high flowering capacity and its exopt'rijaly resist....,. to com -,ather,
root system is adapted to porous soil. s.owed ac d' .ige from nume. -as halTo facilitate short-day treatments and storms, and produced the best harvest
seed collection, grafted and non-grafted weight in tubers.
plants were trained to a single vine and Following extensive tests of cultivation
tied stakes were posted around the melthods, a CIP research guide is beingplants. The findings indicate that the prepared to help in training and demons
traditional biannual harvesting of sweet tra'ion of a system of reliable, efficientpotatoes was also associated with an ap- regimens for propagation and postproximate 2-month interval without planting maintena_ e of sweet potatoflowers. In further studies in 1988, sweet plants. It also includes information on thepotatoes were grown continuously for 12 handling of post-in-vitro-propagated

months without an intervening harvest. plantlets.
 

Training 
South America In other training activities in Peru, 

more than 40 visitors and trainees fromThe International Seed Production all over the world visited CIP facilities inCourse was organized by CIP-UNA in Lima to gain practical experience in inLima, Peru and attended by 18 par- vitro and rapid multiplication techniticipants from Bolivia, Brazil, Colombia, ques. Huancayo had 30 visitors from out-Ecuador, Guatemala, Honduras, Para- side Peru. They were given information 
guay, Peru, Uruguay, and Venezuela. on. seed-production technology, seed-Bcginning in 1989, the ,ourse will be held program development, and on-farm re
in Chile. search. 
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A formal seed production course at 
Cuzco was attended by 68 participants 
from the national program and various 
rural development projects. 

In January, worksihops on basic seed 
distribution were organized in the
southern region (Cu:co), and in the 
central region (Huancayo).

In September, at Lima, 22 seed 
specialists attended a two-day meetingon basic seed production. 

Africa 

A two-week seed production course in 
Rwanda focused on use of TPS as an 
alternative to traditional seed schemes. A 
CIP regional scientist participated in a 
seed-production course held in Holetta, 
Ethiopia in Aug! i, presenting a lecture 
on rapid multiplication tcchniques and 
their integration into a seed program. 

Asia 
In Bangladesh, 99 participants at

tended a one-week course at BARi on 
use of TPS as transplants, seedling 
tubers, and tuberlets. 

In CIP Region VII, innovative andlow-cost appropriate technology was a 
major topic for training farmers and 
scientists. 

The emphasis was on rapid propagation techniques, including in vitro 

propagation; establishment and main
tenance of mother plants; and transplant
ig and management of cuttings in the 
field as well as TPS. Trainees at Sta. 
Lucia represented Bhutan (1), the 
Philippines (4), and Vietnam (3). In 
China, farners and scientists worked 
together in a course to demonstrate new 
technologies. 

Seedling tuber production at CIP station, KAFR, El Zayat, Egypt. 
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ThrustX
 

Food-Systems Research 

Thrust Profile:_1989 
Food-systems research analyies patterns and trends of potato and sweet potato 

conproduction, and assesses the needs of potato producers, market agents, and 

sumers. An overall aim is to evaluate the process of technological change and the 

impact of crop-improvement programs in developing countries. In 1988, research 

focused on constraints to potato and sweet potato production and use, farmer 

experimentation and technological change, mai'keting and demand, impact of potato 

improvement programs, prospects for Andean crops, and patterns and trends in 

root-crop production and use. 

A survey of national program leaders indicaied that the principal constraints to 

product,n and use of potatoes and sweet potatoes were concentrated in the post

harvest phase of food production. Studies in Kenya and Peru revealed that farmers' 

criteria for evaluating new potato variefies often differ sharply from breeders' and 

agronomists' criteria. Farmers generally look for varieties that meet several broad 

criteria, rather than varieties that meet only one or a few criteria, such as yield or 

discase resistance. 

On-farm research in Indonesia provided a mechanism for farmers to contribute 

directly to the development of TPS technology. A study in Peru's southern highlands 

revealed that the potato is the only native Andean food that is eaten frequently in both 

rural and urban areas. These studies suggest that the future of Andean food crops 

will depend on the extent to which agricultural research and development activities 

address the needs of these crops and of their producers. Other major considerations 

include future economic policies, which in the past have favored the subsidized 

importation of wheat and rice to the detriment of domestic food production. 

Marketing work emphasized backstopping studies conducted by NARS scientists. 

Surveys of national leaders indicated that Cl P has contributed significantly to increas

ing the national programs' capacity for training, seed production, storage, and 

breeding. Benefits at the farm level had bccn achieved principally through improve

ments in secd quality, and also through the supply of better varieties. 

[iwmet %%cigllgNecd it o lrtto lutcr 

1th0 t\aIthlaitn nial,.IBmnglartlch. 
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Assessment of Production and Use Constraints
 
To help set research priorities, CIP has
begun to systematically assess the needs 
of the National Agricultural Research 
Systems(NARS) and ofpotatoand sweet 
potato farmers, market agents, and con-
sumcrs. 

Workshops 
. .. . . .In Argentina and Uruguay, special 

workshops were (,rganized in 1988 to 
bring together sweet potato researchers, 
extension agents, processors, and 
farmers. After formal presentations and 
discussion, working groups formulated 
conclusions and recommendations for 
future sweet potato research and 
development. 

Diagnostic surveys and marketing
studies figure prominently in the re-
search activities recommended by the 
working groups. 

,wcqt potato 

Varieties 
Planting material 

Virus 
Bacteria & fungi 

Environment -

Ncmatodes 

Insects 
Consumer storage 

Seed storage 

Marketing 

Demand 
2.5 1.5 1 0.5 

NARS Survey 
In 1987 and 1988, quesIionnaires were 

mailed to a total of 117 potato and sweet 
potato researchers in developing
countries, requesting detailed informa
(ion on pre-planting, field-production, 
and postharvest problems. Figure 10-1shows that for both crops, constraints toproduction and use were concentrated 
principally in the postharvest phase,
while constraints in the pre-planting 
phase ranked next. 

For sweet potatoes, postharvest
problems of storage, marketing, and 
limited demand were considered to be 
particularly important. In the pro-plant
ing phase, two problems were high
lighted: the lack of early varieties that 
meet consumers' and processors' re
quirements, and scarcity of planting
material. The principal field-production 

Potato 

-

0 0.5 1 1.5 2 2.5
 

Score: 
0: NotLittlepresentpractical importance 
2: Somewhat important 
3: Very important 

Source: CIP 1987 constraints survey.

Figure 10-1. 
 Scores indicating relative importance of consiraints to production and use of potato(121 regions in 38 countries) and sweet potatoes (34 regions in 14 countries). 
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problems were caused by the sweet 
potato weevil (Cylas formicarius), 
drought, poor soils, and weeds. 

For potatoes, the most important con-
straints cited were unstable supplies and 
prices, and high marketing margins. The 
scarcity and high cost of planting material 
also were noted. In the field-production 
phase, late blight, potato leaf roll virus 
(PLRV), and tubcr moth were the nist 
frequeitly noted problems. 

Responses frem an expanded survey 
are being analy, ed to determine the main 
constraints reported by researchers in 
different agro-ccc!egical zones. A survey 
report will be published in late 1989. 

In-depth studies of crop production, 
marketing, and use are needed to com-
plemcnt survey findings and to provide 
reliable information. These studies 
would serve as a basis for setting research 
priorities at CIP and NARS. 

Field Studies 
Peru. A multidisciplinary team from CIP 
and Peru's National Research Institute 
(INIAA), conducted a field survey in the 
coastal valley of Cafiete, which produces 
about one-quazter of the country's sweet 
potatoes.

Sweet potato was found to be prin-

cipally a commercial, dual-purpose crop: 
most roots are sold for human consump-
tion and the foliage iscommonly used for 
feeding dairy cows. Although many 
varieties are grown, only a few have 
desirable agronomic traits and good 
market acceptance. Hence, farmers arc 
eager to obtain early-maturing, dua-pur-
pose varieties. Most sweet potato 
farmcrz have relatively little management 

experience with sweet potato. Generally, 
these farmers have been laborers on 
cooperatives that only recently have been 
divided into individual parcels. Thus, ap
plied on-farm research and extension 
methods show promise for increasing 
yields and farm incomes. 

China. Approximately 80% of the 
world's sweet potatoes are grown in 
China and extensive biological research 
has been conducted on the crop here. 
14o,vever, socioeconomic data is scarce, 
part':ularly that reiated to marketing and 
utilization. CIP contracted the Interna
tional Food Policy Research Institute 
(IFURI) to conduct an extensive review 
of available publiLations, unpublished 
rep' rts, and statistical data. 

Thib literature -eview produced little 
information on potato or sweet potato 
marketing and utilization; there~ore, the 
IFPRI is now conducting field studies 
that focus on these topics. 

Total root-crop production in China 
has fallen about 20% during the last 
decade. Three major factors account for 
this decrease: 1) in recent years, the 
goverament has sharply reduced pur
chases of root crops throughout the 
country, 2) a poor transport and com

munications infrastructure retards 
private-market integration and dis
courages marLet agents from handling 
.perishableroot crops, and 3) a deccntral
ized fertilizer-allocation system provides 
little incentive for farmers to apply fer
'ilizer to root crops. These findings high
light the important roles played by 
policies and infrastructure in determin
ing sweet potato production trends. 

FarmerExpefimentation and echnoloial Change 
Involving farmers more effectively in tial for improving the generation and dif

the formal, science-based research and fusion of new technologies that will be 
development systm offers great p-ten- used on a large scale. In 1988, field 

123 



studies were conducted in Kenya, Peru,
and Indonesia. 

Evaluationand Choice of New Varieties 
Kenya. Potatoes arc attraclive to many
highland farmers because of their dual 
use as both a food and cash crop. This 
double purpose gives farmers, most of 
whom arc women, flexibility in the dis-
posal of their harvest. The distribution of 
potato varieties varies greatly because 
farmers change varieties rapidly. When 
production levels fal,they often use new 
varitlies to recover previous yield levels,
instead of renovating seed Oif the same 
variety. Because Of 1hL proximity, con-
vcnicncc, and low cost of local seed 
tubers, the farmcrs'own communities are 
usually the primary source of secd when 
they decide to rcnovatc or change
varieties. Because the gcnc pool is 
delineated at this local level, the com-
inunity serves a bankas seed for in-
dividual farmrcs. This customary 

reliance on neighbors for seed oftei 
leads to communities of farmers wh( 

grow much the same varieties.Certified seed is used by less than 5(1(
ofKcnyan farmers. There is little corrcla. 
tion between the varieties provided b3
the seed certification program and those 
that farmers grow. For example, the 
popular local variety Nyayo is grown by
half the farmers, but no ccrtificd seed is 
produced. Little or no certified seed is 
produced for several of lhe more popular
variclies. Study findings reflect the high
price of certified seed, lack of timcly dis
tribution, and farmers' skepticism about 
its value. These findings also suggest that 
public officials and farmers differ widely
in their perceptions of farmers' needs. 
Cost-bcncfit analysis of ccrlificd seed use 
on small farms is nccdcd to assess the 
economic merit of using local seed as 
compared with certified seed. 

A possible source of confusion about 
variety prefcrenccs may sten from the 
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different processes of evaluation and 
choice of varieties. Potato brecders and 
farmers often concur on the relativc 
agronomic merits of a varicty. Howevcr, 
additional considerations such as trader 
prefcrcnccs, availability of secd, infor-
mation flows, and local cnvironment, in-
fluence a farmer's choice of variety, 
Special concerns are that varieties be 
resistant to late blight and that they yield 
well. 

Farmers who produce primarily for 
home consumption are concerned that a 
variety taste good; commercially-
oriented farmers are more concerned 
with a variety's marketability. Because 
some communities or localities develop 
reputations a'mong tradcrs as sources of 
particular varieties, trader dcmand may 
-ffcctivcly limit the choice of variety for 
commcicially-oricntcd farmers, 

Peru. Andean farmers are hardwork-
ing and pragmatic plan( breeders. The 
farmcrs' careful evaluation and sciection 
ofnaturallyoccurring crosses account for 
hundreds of native Andean potato 
varieties with a wide range of agronomic 
and culinary characteristics, 

Field studies in he Andes indicate 
that farmers seldom seek to grow a single 
ideal potato varicty, preferring instead to 
choose a range of varieties that can fulfill 
broader needs. Moreover, when farmers 
are evaluating potential new varieties, 
they tend to select a variety that meets 
several nceds, rather than a varicty that 
may be exccllcnt for a single or limited 
purpose. Thus, Andean farmers manage 
a rangc of varieties that fullills their total 
food system's needs. Individual variety 
sccclions are based on their fit within 
divcrsc ecological conditions and are 
generally cvaluatcd in tcrms of their 
value as both a caslh crop and as a 
household food. Farmers look for 

"friendly varieties" that offer the farmer 
flexibility in use for sale as well as for 
household consumption. 

In the 1987/88 season, 17 potential 
new varieties were evaluated in five 
central-highland locations in Peru. 
Farmer group evaluations resulted in the 
selection of two "friendly potato" can
didates. One selection was based mainly 
on the potato's ability to meet market 
requirements. Although it was relatively 
late-emerging, it performed well in the 
area. fail storms did not seriously affect 
it, and it produced a reasonable number 
of large tubers and several smaller tubers 
for sccd. It had an attractive color and 
shape, and was better for use in soups 
than for boiling. 

The farmers' second potato selection 
was based on its ability to mcet household 
needs. It matured quickly, and emerged 
rapidly in a strong stand with many stems. 
It withstood light frost, but was somewhat 
susceptible to hail. It produced plenty of 
good-sized tubers that were nicely 
shaped, white-skinned, and similar in ap
pearance to a native variety. This variety 
cooked quickly and tasted good. 

Although the farmers appreciated 
these clones, they were not ready to en
dorse their release as varieties. The 
farmers take a long-term view of variety 
selection based on a detailed knowledge 
of ecological and climatic variations, and 
they wanted to see how the clones per
formed in different soils under diverse 
wcathcr conditions. Although Andean 
farmers do not lay out experiments with 
several side-by-side replications, they do 
replicate their "trials" over a period of 
time in different seasons. 

The complexity of the local ecology 
and of household nerds is reflected in the 
farmers' use of 39 cr.teria to evaluate the 
varieties. Although breeders using statis
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tical models cannot manage such diverse 
criteria, the farmers' perspectives could 
be incorporated into the breeders' selec-
tion process by involviiig farmers directly
in the evaluation of potential new 
varieties. 

These studies on potato varieties are 
continuing in the highlands, and similar 
work on sweet potato varieties is begin-
ning on the Peruvian coast. 

Experiments in a 

Non-traditional Environment 

Research in San Ramon and Oxapampa, 
on the eastern slopes of the Peruvian 
Andes, has shown that many in-migrant
farmers experiment extensively with 
potato cultivation practices, 

These experiments arc primarily 
"adaptive" in the sense that they 1) seek 
to adapt previous cultivation practices tonew environments, and 2) aidress vane-
tal testing, planting dates, agro-chemicl 
application, and planwshading. Such ex-

periments differ from the farmers' 
"problem-solving" experiments that ad-
dress a specific difficulty, such as a new 
disease arising in a relatively stable en-
vironmcnt. They also differ from the 
"curiosity" experiments that may ste 
from the farmers' interest in potential 
agronomic relationships, 


Although the methods used in such 

experiments are not as rigorous as those 
of formal science, this farm-level re-
search presents clear evidence of the 
farmers' acute observation of the en-
vironmcnt, of their ability to respond to 
changes, and of their crucial role in the 
proccss of technological change. 

Farmer experimentation provides 
both a human resource and a body of 
knowledge; thus, it should be stimulated 
to foster local adaptations of tcchno-
logics and to provide insights for more 
formal research. 

12h 

Farmer Experimentation 
with TPS in Indonesia 
On-farm research is often preceived and 
planned as an adjunct to experiment sta
tion research that will facilitate technol
ogy transfer. In Indonesia, however, an 
entirely different approach is being used 
to involve farmers closely in all stages of 
the TPS experiments. The purpose is to 
enlist farmers' active collaboration in the 
development of systems for producing 
seed and consumer potatoes from TPS, 
which potentially may be used 
throughout Southeast Asia. 

Farmers and researchers interacted 
during informal group meetings held 
every 15 days. The use of TPS under 
Indonesian conditions was clearly 
defined as a "learning experience" for 
everyone, with all farmers and scientists
irvolvcd as equal partners. No "recipes," 

ueprints,or "packages" were 
specified or sought. Rather, the re
searchers contributed their previous 
cx
perience, and the farmers contributed 
their knowledge of local vegetable 
production and conditions. The farmers 
received no financial assistance, other 
than the proiision of TPS. As this ap
proach becawe understood, and as 
farmers and researchers became familiar 
with one another, discus ions became 
frank and mutually productive. 

At the initial meeting in February 
1988, researchers outlined several 
methods for growing TPS and the merits 
of each method were discussed. The 
farmers readily understood the topics 
under discussion and several important 
considerations were identified. They 
were more concerned about agronomic 
characteristics, such as maturity or dis
ease resistance, than about yield per se. 
They preferred to transplant seedlings 
directly to the field, as they do for cab
hagc or tomato, rather than to produce 



tuberlets. They indicated a preference 
for producing consumer potatoes from 
TPS, astheywere not accustomcd topro-
ducing and storing seed tubers. The 
farmers also werc concerned about hav-
ing a reliable supply of TPS. 

The 1 1 farmers attending the first 
nceting insisted that a packet of (old) 
TPS used for demonstration be left with 
them. This seed was sown in a nursery 

bed and served as a useful point of dis-
cussion. 

In the first season (February-July 
1988), farmers werc ciicouraged to 
produce tubcrlcts and to learn about the 
technique. It was feared that this tcchni-

quc would be neglected, because of the 
farmers' professed preference for 
transplanting. In the second season, (Oc-
tobcr 1988-January 1989), several pos-
sible experiments were discussed and 20 
farmers were asked to participate. All 
farmers elected to test the performance 
of TPS as a source of direct transplants. 

Eleven of the 20 farmers were given 
approximalcly 5M0 seeds of one of three 
progenies: Atziniba x DTO-28, Atzimba 
x R 128.6, or Serrana x DTO-28. As a 
group, they prepared one demonstration 
plot, generally following CIP's recom-
mendations. Discussions continued, 
however, and farmers clearly had their 
own ideas. The other nine farmers then 
sowed their beds according to their own 
ideas. No two beds were prepared the 
same: there were variations in sub-
stratum media, shading, watering, and in 
the use of mulch and pesticides. Emer-
gence and vigor varied considerably duie 
to the age of the seed (too old) and the 
medi, used. Farmers having poor results 
were given more seed and several new 
farmers joined the group. 

When fresh seed was received from 
Lima, some farmers requested samples. 

By this time, farmers were more confi
dent and the group was more adept at 
informal interaction. Feeling more at 
liberty to experiment, they radically 
changed nursery management. During a 
visit to the Lcmbang Horticultural Re
search Institute (LEItRI), some farmers 
were impressed by the use of stem cut
tings: one even began his own program of 
cuttings. 

Yields and the number of tubers per 
m varied considerably but progeny per
formances did not differ widely. Yields 
increased with later plantings, prc
sumably as a result of improved seed 
quality and farmer techniques. Analysis 
and discussion are still required to iden
tify factors that may have contributed 
consistently to yield differences. 

The continuing discussions revea!ed 
these important coniderations: 

e Farmers still prefer to transplant 
seedlings to the field rather than 
to produce tuberlets. 

* 	They prefer to produce seedlings 
in small trays and to transplant to 
nursery beds for tuberlet produc
tion or te banana-leaf pots for 
direct transplanting to the field. 

* 	They were u;concerned with 
shape, size and color of tubers 
during this early stage. 

9 	All farmers said that they would 
keep their produce from the next 
season as seed, and they showed 
concern about seed storage. 

The potential for introducing rapid 
multiplication techniques has been ex
plored, and five farmers have requested 
mother plants and training in this area. 
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Marketing and Demand 
Thrust X has two marketing goals: to 
develop an information base that other 
institulions and researchers can draw 
upon, and to help strengthen NARS' 
capabilities in conducting marketing and 
demand studies, 
Bakstopling NARS Researcln. 

To help backstop marketing studies con-
ducted by NARS, support was provided 
in planning, reviewing, and financing col-
laborative projects and research cz-
tracts. A study in Thailand examined 
marketing, consumption, and demand 
for potato products. Draft reports of 
potato marketing studies were prepared 
by researchers from Indonesia, Zaire, the 
Dominican Republic, and Bangladcsh. 

A central finding of the Thailand 
Study was that potato consumption is dis-
couragcd by high potato prices and the 
low income of many urban consumers, 
The Indonesian Study revealed that 
potatoes produced in mid-elevation 
areas of this country were of relatively 
poor quality and were difficult to market, 
The Zaire Study concluded that potato 
marketing in Zaire's capital, Kinshasa, 
was both risky and costly because of the 
irregularity of supply and the perish-
ability of potatoes produced in the Kivu 
area. Exploration of the economic 
feasibility of simple processing was sug-
gcstcd as a step toward lower marketing 
costs and risks. The Dominican Republic 
Stidy indicated that many commonly 
held beliefs about the "exploitative" 
practices ofmiddlcmcn may overlook the
essential functions that marketing agents 
perform, such as assembly, transporta-
tion and bulk breaking. The Bangladesh 
marketingStudy found that, despite peri-
odic market surpluses and pice declines, 
potato production is still prof.table for 
most farmers, irrespective of the size of 

their farms. The study found that, con
trarytopopularbelief, large growerswho 
sell their harvest on the farm received 
lower prices than do growers who sell 
their potatoes in the marketplace. The 
findings also indicated that in some parts
of the country, traditional potato storage 

is more profitable than is cold storage. 
This helps explain why cold-storage 
facilities are seldom used in areas such as 
Tongibari. 
PRACIPA - Commercialization 
Thrust X acti,itics also backstop mar
kcting studies conducted by national col
laborators in the Andean Cooperative 
Potato Research Program (PRACIPA). 
Under this program, which completed its 
first year of activities in March 1988, 
marketing studies have been conducted 
by local researchers in five Andean 
countries: Bolivia, institutioital market
ing of'sced potatoes; Colombia, market
ing of processed potatoes; Ecuador, 
marketing of seed potatoes; Peru, 
developing a market information system 
for consumer potatoes; and Venezuela, 
marketing of consumer potatoes in the 
western highlands. 

Bolivia. PRACIPA-Bolivia surveyed 
more than 15 institutions (public, private, 
and combined) that distribute seed 
potatoes in the Cochabamba region. In 
1986 and 1987, two of these organizations 
handled over of the75% seed in the 
country. Most of the seed consisted of 
Dutch varieties such as Alpha, Cardinal, 
and Diamant. The survey results and
other findings were presented in a 
workshop organized by the Instituto 
Boliviano de Technologia Apropecuaria 
(IBTA) in September 1988; asecond sur
vey is under way to assess farmers' par
ticipation in, and opinions of, the various 
seed-potato distribution programs. 
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has few tradi-Colombia. Colombia 
tional potato processing facilities. To as-
sess the economic feasibility of 

werevillage-level processing, surveys 
made of 81 growers, 133 urban con-

sumers, and operators of 20 eating estab-

lishments in the Pamplona region in 1987 

and 1988. Near'y all of the farmers were 

interested in simple potato processing 
facilities, preferably in cooperative units. 

Consumers and restaurant owners ex-

pressed an interest in th.: various 
products processed from potato flour 

they were shown, but disliked their color 

(grey) and hardness. In addition to con-

tinucd backstopping of the technical 
work in tile Pamplona area, PRACIPA-
Colombia is now conducting an informal 

survey in the Pasto-lpiales region to as-

sess the feasibility of using processed 
potatoes to feed guinea pigs. 

Ecuador. The national potato pro-

gram in Ecuador has recently upgraded 
its technical capability to produce im-

proved seed. To determine the demand 
for this seed, surveys were made of mul-

tiplicrs, users, and non-users of improved 
seed in central Ecuador. The results 
show that, contrary to the widely-held 
belief, most multipliers do not sell seed to 

mImpactAssessent 
NARS Survey_ 
In 1987,actucstionnaire was mailedtothe 
leaders of national potato programs in 
Africa, Asia, and Latin America to assess 

the status of national potato programs, 
their research problems, and the impact 
of CIP and NARS activities to date. 

Responses were received from 41 nation-
al leaders. 
Status of National Programs. The data 

indicate that three-quarters of the 
countries surveyed now have potato-
breeding programs. Thirtcen countries 

other producers. Instead, they keep most 
of it for their own use. Preliminary results 
of a survey in northern Ecuador show a 

similar pattern. 
Peru. Work during 1987 and 1988 in

cluded helping prepare a regular market 

bulletin for potatoes in central Peru; set

ting up a computerized database cover
ing monthly market statistics for the past 

25 years; and surveying government per

sonncl and growers in tile central high

lands who receive the bulletin. 
Governmcnt personnel felt the bulletin 

was useful and requested that it appear 

bimonthly. The National Farmers Or

ganization has expressed an interest in 

reproducingcopies of the bulletin for dis

tribution through its local chapters. 

INIAA has initiated new research on the 

marketing of seed and processed potato 

products. 
100Venezuela. More than potato 

growers were surveyed in the Tachira 
regionofVenezuela. Findings emphasize 
the highly commercial orientation of 

producers, tile predominance of tradi

tional sources of market information, and 

the need for improved availability of seed 

and access to transportation from farm to 

marketplace. 

have comprehensive breeding programs 
and gene banks. Their activities include 

crossing, screening, clonal evaluations, 
and varietal releases. Eight countries 
have intermediate-level breeding 
programs that utilize gcrmplasm popula
tions bred elsewhere. Ten countries have 

variety-testing programs that depend on 

imported a-:k,.,lced clones or varieties. 
All of thz counries polled can receive 

and utiliL tuber', 32 can handle TPS, 
and 28 can handle in vitro materials. 
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More than half of the countries have 
selected and releascd new varictics from 
genetic materials provided by CIP. 
Three-quarters of the countries are cur-
rcntly conducting research on TPS and 
diffused-light sced storage (DLS). The 
new DLS tcchnology has reachcd more 
countries than the other storage techn;-

qucs. 

Impact of Collaboration. 
 National 
leaders indicate that collaboration with
CIP has had a positive impact in several 
areas, most notably in improving links 
with other programs; expanding training;
improving planning, coordination, and 
management; and, in releasing of new 
varictics. Most respondents felt that col-
laboration with CIi' had helped the pro-
gram to increase its staff and budget. 


The survey findings suggest that 
na-
tional program/CIP collaboration has 

helped farmers 
 obtain bctlcr quality
sccd,improvc seed storage and obtain 

better varieties, 

lInpact of CIP Research Contracts. CIP 

contracts research on priority topics at 

Table 10-1 Principal benefits of research contracts 
respondents indicating each answer). 

institutiors around the world. A ques
tionnaire was mailed to the leaders of all 
such contracts, requesting their views on
the bencfits of their contract in terms of 
improvements in training (amount, 
quality), research facilities, theses, publi
cations, and varieties released. The ques

infornmtion 

the use 

tionnaire also solicited on 

of new research techniqaes or 
methods in seed production, in cxten
sion, and by farmers. 

Benefits. The survey respondents in
dicatcd that the principal benclits had 
come through expanded training and 
publications (Table 10-1). In developed
countries, significat bcnefits of research 
contracts accrued to developing-country 
nationals who prcparcd theses or worked 
as research assislants. In )olh developed
and developing countries, most brceding 
contracts helped support student thesis 
work. In developing countries, many re
search contracts helped to improve re
search facilities. 
Use of New Techniques. Most research 
contracts have led to the development of 

and users of new techniques and methods (% 

FBreedirg 
Developed countries 

Other Breeding
r'nntrqcts contracts 

Developing countries 
Other 

contracts contracts 
Principal benefits 
Numbher )f people trained 
Quality of frtraiig 
Hi -;ar:lh la:lhlies 

Numr; t !t,ses 

Numbther of l ublications 

Niew v;iar l(s'Irileaseu( 

9 

8 
5 

9 

10 
4 

5 

3 
3 

2 

4 

2 

7 

6 
6 

5 

6 
4 

7 

7 
5 

4 

6 
1 

P'rrinipa);l riser's 
Fesearliers, 

Seii rqreos 

t-xt sion 
Fairrriers 

No observations 

10 

5 

2 
2 

10 

4 

2 

2 
2 

5 

7 

3 

3 
3 

7 

6 

4 

5 
4 

7 
Sorlai CIe survey of research contracts 1986-87. 
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new methodologies; fewer have resulted 
in new production methods. In 
developed countries, rclativcly few new 

technologies have becn used by seed 

programs, in agricultural extension ac-

tivities, or by farmers. 
In contrast, in developing countries, 

new tcchniques have been used more fre-

quently in seed programs, and by exten-

sion agcnts and farmers. 
Research contracts have improved 

tics between CIP and research institutes 
around the world; they also have pro-

moted an information and technology cx-

change among countries. For example, 
Argentina's National Research Institute 
(INTA), under contract with CIP, 

Prospects for Andean Crops 
)ver 40 food crops were domesticated in 

the Andes of South America in pre-

Columbian times. These include the 
potato, as well as: 

" oca (Oxalis tuerosa) 

* mashua (Tropaeolum tuberosum) 

" quinoa (Che'nopodiutn qtinoa) 

" cafiihua (Chenopodinin pal-
lidicaude) 

" kiwicha (Anaranlhus cauldatts) 

" lupines (Lupinus mtutabilis) 

Thcse crops are potentially valuable food 

resources, but with the exception of the 

potato, production and consumption of 

these crops are declining in the Andean 

regions. 
and manyThe Peruvian government 

non-governmental organizations have in-

iliated programs to promote the produc-
tion and consumption of these crops. To 
provide a solid knowledge base to help in 

the planning of improvement programs, 
a study was conducted in the department 
of Cuzco, in the Peruvian highlands. 

released a new potato variety, "Serrana." 
It has been distributed to many other 
countries, andis nowgrown in Argentina, 
Brazil, the Pepublic of Korea, Peru, the 
Philippines, Thailand, and Vietnam. 

The Plant Research Institute in Aus

tralia has a contract with CIP to provide 

pathogen-free germplasm for regional 
trials in Southeast Asia. In addition to 

benefiting developing countries in the 

region, the experience has allowed the 

Institute to become the center for impor

tation of potato germplasm into Aus
tralia. 

A similar project with sweet potatoes 
is now under way. 

Study objectives were to identify 1) the 

role these crops play in local farming 
systems, and in rural and urban diets, and 

2) the principal constraints to greater 

production and utilization. Native An-

Table 10-2. Crops grown in two communities of 

Cuzco Department, Peru. 

Average area 
9%of farmers planted with 
growing the in the crop 

Crop crop (m) 

Potato 100 9.354
 
76 1,943
Olluco 


Barley 63 3,203
 
59 1,340Broad bean 

43 1,163
Mashua 
27 1,321Oca 
24 1,008Lupine 

Ouinoa 20 745
 

OcaOltuco 12 2,000
 
Broad bean/quinoa 4 1,300
 

Others 
 12 136 

. . .. . 
Source: Cuzco larm survey 1987. 
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dean crops generally were found to grow
at between 3,500 and 4,000 m, usuallv in 
complex farming systems that include 
both crops and livestock. In the five com-
munities surveyed in the districts of 
Ccatcca and Colqucpata, potato is the 
most commonly grown crop, followed by
olluco, barley, and broad bean (Table 

10-2). Rotations generally include rcla
tively long periods of fallow (up to 7 
years) and the total cultivated area 
averages between 1 and 2 ha per family.

Rural respondents indicated that low 
yield and the scarcity of good crop land 
are two principal barriers to expanding
the production of native Andean crops. 

Table 10-3. Farmers' perceptions of the principal factors limiting production of Andean crops in thetwo communities of Cuzco Department, Peru (% farmers reporting each factor). 

Low yield 
Scarcity of good land 
Climate problems 
Scarcity of seed 

Pests and diseases 

Storage problems 
Other problems 

Total 

Quinoa" Lupinesh' Olluca' Oca' Mashua' 

61 22 11 16 17 
21 
12 

38 
37 

48 
11 

32 
4 

28 
8 

7 - 4 8 17 
- 15 20 -

- 6 4 8 
- 4 4 16 28 

100 100 100 100 100 

"A cereal. A pulse. Root crops. 
Source: Cuzco tarm survey 1987. 

Rural areas (N 51) City of Cuzco (N 

Root Crops 

2 

Cereal-based foods 

Pulses 

UFresh 
____________ _ ._______ILupines 

100 80 60 40 20 0 20 

100) 

i 	 Potatoes
 
Chuho
 

Olluco 
Mashua
 
Oca 

Bread 
Barley 
Wheat 

Rice 
Noodles 
Quinoa 

Cahihuaco 

fItwicha 

Dried 	broad beans 
broad beans 

40 60 80 100 
Figure 10-2. Consumption of selecled leeds: percentage of respondents reporting "frequent"consumption in the Department of Cuzco, Peru. 
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(Table 10-3). Climatic problems were 
also noted, particularly for quinoa and 
lupines. Seed scarcity, insects, diseases, 
and storage were also mentioned as 
problems for root crops. 

Consumption patterns in rural areas 
reflect production patterns. Rural diets 
are heavily dependent on tubers (Fig. 10-
2). Because of the relatively good storage 

High 

Low 

properties of potatoes, and particularly 
those of chufio (dried potatoes), the crop 
plays a particularly significant role in the 
rural food system. Virtually all rural 
families eat potatoes frequently; three
quarters eat chufio, and approximately 
half eat olluco. Bread is the only cereal
based food that is eaten frequently in 
rural areas. 

Medium 

oots & tubersROthers 


~\ \\\\Cereal
~ based 

food 

Vegetables 

Pulses 

Rural 

Figure 10-3. Foods consumed at lunchtime in rural areas and in the city of Cuzco, by 
socioeconomic strata (%respondents). 
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Aside from the technical constraints, throughout the year. The high prices ofcropping pattcrns reflect the ihcreasing chufio and quinoa sometimes discouragedegrce of commercialization of agricul- use by urban residents.turc. When farmers require more money, Few agricultural rcsearch and extenfor example, to pay fn school fees and sion activities have addressed tile needsconsumer goods, they plant a larger of farmers
proportion of their land with cash crops, 

who grow native Andean 
crops. As rotations have intensified andprincipally potatoes, barley, and oats. as new pests, diseases, and fertilityThe survey revealed that diets in the problems have developed, the nationalcity of Cuzco are much more diverse than agricultural research systems have notthose in rural areas, and are closely been able to offer farmers adequatc solulinked to socioeconomic status. Con- lions. Consequently, both productionsumption of tubei,, and ccrcal-bascd and consumption of native Andean cropsfoods (ends to decline sharply as incomes have declined in rural areas. In urbanrise, whereas consumption of mcat and areas, the decreasing availability of Anvegetables increase: significantly, dean crops has increased their price andConsumption of .hcat-based pro- discouraged consumption. Additionally,ducts, e.g., brcad and noodles, and of rice for several years, economic policies haveis increasing in both rural and urban tended to raise the relative pi ice of nativeareas (Figure 10-3). This can be at- Andean crops by subsidizing the importributcd to long-term governmental sub- tation of cereals, particularly rice andsidies for the importation of wheat and wheat.rice. Other factors influencing consump- Future production and use of Andean(ion patterns in the city of Cuzco arc price crops will depend largely on governmentand availability. Some tubers, such as ol- price and trade policies and on the deluco, oca, and mashua, are available in gree of commitment to crop research andcity markets for only a short time each extension built around the needs of Anyear after harvest. Cereals such as kiwi- dean farm familics. 

chia and cafiihua arc scarce and costly 

Analysis of Patterns and 'Tends ....

Worldwide, there is little systematic in- service for personnel at CIP and collaboformation on potato and sweet potato rating institutions. The database is upproduction and use and on the needs of dated annually by incorporatting recent
producers and consumers. Thrust X ac-
 FAO and World Bank estimates.tivitics help gcnrate and disseminateneeded informatio;. 

Statistical Database The book Underground Crops (WinrockInternational, 1988) represents the firstCIP maintains a computerized database comprehensive use of the entire databasethat contains country-level estimates of to produce a reference book on globalroot-crop production and use, as well as root-crop production and use. An initialmajor economic and demographic indi- narrative section outlines the salientcators. This information is used to characteristics of root crops, discussesgenerate comprehensive statistical publi- accuracy of available statistics, and sumcations and to provide an information marizes the highlights of the book's 31 
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tables. A special commentary isincluded 
on African root-crop data. The tables list 
national statistics for the years 1961 to 
1985, including information on total pro-
duction, area, and yields of cassava, 
edible aroids, potato, sweet potato, yam, 
and unspecified root crops. Recent es-
timates also are provided for per capita 
root-crop production; availability for 
consumption; supply of dietary energy 
and protein; root-crop trading, and farm-
gae prices, 

World Geography ofA vo lu m e ti l d I o l e g a h f 

the Potato (in progress) will synthesize 
the mass of country-specific data avail-
able at CIP and in NARS. The book in-
cludes country and world maps of potato 

production zones. It identifies, describes, 
and classifies farming syrtcms in develop-
ing countries where the potato plays, or 

potentially could play, an important role. 
Ite also h lgy, imtant, o.&scr co 
It also describs the ecology, climate, po-
pulation patterns, and cropping systems 
of each production zone. 

Country-level Research 
A graduate student at the Universidad 
Nacional Federico Villareal has mapped 
out Peru's principal agro-ecological 
zones of potato production. This map 
sgnificantly contributes to under
standing potato production patterns in 
the extremely diverse ecology of the 
Andes, where the potato originated. 
Peru's national pota'o program will use 
the map in planning and targeting potato
improvement efforts. 

TtitledThe government of Indonesia, viaCR I C i s e a n n g t sr s r c o n b h 
IFC, isexpanding its research on both 

potatoes and sweet potatoes. As a con

tribution to the decision-making process, 
provincial- and district-level data on 

potato and sweet potato production from
the Central Bureau of Statistics, the Of
fice of Statistics, and district offices in 

Java were compiled in 1988. 
These data were assembled in a com

puterized database, and a report contain
ing statistical tables, figures, and maps is 
,Scheduled for publication in 1989. 

Potato storage in Egypt. 
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Human Resources Development 

Profile: 1989_____ 
The Training and Com:nunications Department coordinated CIP's human resource 

devclonment efforts in 1988, providing back up assistance for research administrative 

programs at headquarters, in all CIP regions, and in collaborative NARS projects. 

The closely associated units of Training, Communications Support, and Information 

Services provided technical and professional support that ranged from field 

demonstrations and evaluations with farm families to electronic, machine-to-machine 

communications. 

A total of .302 national research and education collaborators from 57 countries 

participated in 16 specialized activities. The 16 production activities involved 353 

national researchers, extension, and education collaborators and farmers from 55 

countries. CIP scientists at headquarters worked alongside 57 visiting scientists from 

29 countries, for a total of 221 weeks. And 94 graduate students and national 

collaborators from 14 countries did their research at headquarters, regional sites, or 

universities overseas. CIP was also host to the workshop "Human Resource Develop

ment Through Training," with participants from 13 CGIAR centers and 4 non-as

sociated centers. 
assisted in designing and planningCIP's administrative and research staff were 

print, photographic, and electronic media. Media production in support of ad
a publicministration included the annual report, self-study, budget documents, 

awareness brochure. and an audio-visual presentation for visitors. CIP's 

research-based publications include 9 works in Spanish, 18 in English, and 7 in 

French.
 

Co-publishing efforts included contracts to translate CIP technical media into 

French and Chinese. To enhance skills in applied communications technology and 

related training skills in human resource development, the Department provided 

informal learning sessions and on-the-job experiences for visiting scientists at head

quarters, as well as in regional and in-country settings including Chile, Ecuador, and 

Colombia. Media developed for this work included technical information bulletins 

and complementary slide sets, plus research guides and course lecture materials and 

handouts. 

In addition, advisory support was provided to national programs and networks, and 

included assistance to PROCIANDINO. RICA, COTESU, SEINPA, and ALAP. 

Collaboration was begun with other Centers to exchange information on policies and 

,o share experiences and tools. These included sharing a bibliography of reference 

CIP for translation. CIAT was c4,iitacted for collaboration ondocuments used at 

machine-assisted language translations front English into Spanish.
 

" , 
Ilhind, tll 11I;Ia'ILL'C ~ flol |L es ala111 1Ic'llimltilin l 

pHloduL1'l1cncmll ,c.Sh11i1i11Ih;1i , 
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The Information Scrvices unit developed a CIP Bibliographic Database of more than25,000 references for conventional and non-conventional literature in CIP's library.Other new services include access to potato and sweet potato references from CABIand AGRIS magnetic tapes, via a computer at CIP headquarters. Databases such asAGRIS in Vicnna and DIALOG also can be accessed via satellite. A specializedbibliography on TPS has been prepared. Other activities to encourage exchangeamong the Centers include a database on publishing procedures, training in scientificwriting and consultancy support to the Latin American Potato Journal. 

!eveloping Human Resources 

CIP's global human resource develop- Highlights of 1988 activities include:ment program builds upon a regional andnational network of farmers, agricultural * 302 national researchresearchers, exlensionists, educators, and 
education collaborators fromand b!sinessmen. 

The Training 57 countries participated inand Communication 16 specialized group trainingDepartment coordinates these efforts activities.within three closely associated units: 353 national researchers, ex-Training, Communication Support, and tension agents, educationInformation Services. Communication collaborators and farmersroles are central to this process, and CIP from 55 countriesstaffactivities range from traditional field 
par

from in 16 p r work with farm families to clectronic,
machine-to-machine icipated in 16 productioncommunication group training activities.They provide both direct technical ser- * 57 visiting scientists from 29vices and professional consultancies to countries worked withsupport research and CIPadministrative 
programs scientists at headquarters inat headquarters, in all CIP Peru for a total of221 weeks.projects. 


0 94 students and national col
rcgions, and in collaborative NARS 
projects. 


aining... laborators from 14 countries
carried out their thesis re-The training support strategy for human search at headquarters,resource development is based on the regional sites,premise or at colthat communication skills laborating universities.
should be learned in conjunction with
crop-improvement skills. CIP training
objectives are classified 

Other training included informal sesas 1) produc-
lion-oriented, sions and on-the-job experiencesto help participants headquarters in 

at 
respond to farm-level problems, and 2) 

Peru to help visiting
scientists communicatespecialized, their researchto enhance research findings morecapabilities (Table II-1). 

effectively; (raining of
selected national scientists and com
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Table 11-1. Training activities of CiP and the collaborative research networks, 1988. 

Region 

Headquarters-Peru 

Region I
 
Argentina 
Colombia 

Colombia 

Region II
 
Mexico 

Region III
 
Zimbabwe 

Kenya 
Rwanda 
Ethiopia 
Rwanda 
Zaire 

Region IV
 
Egypt 
Morocco 
Turkey 
Tunisia 

Region V
 
Cameroon 

Cameroon 
Nigeria 

Region VI
 
India 
India 
India 
India 
Sri Lanka 

Region VII
 
Burma 
Fiji 
Philippines 

Region VIII
 
China 

China 

China 

China 

China 

China 


Activity 

Production with special" 

emphasis on seed production 
Workshop on marketing (PRACIPA) 
Visiting scientists 
Scholarships 
Student assistantships 
Preprofessional practice 

Workshop on advancements in potato breeding 
Workshop on field-level diagnostic skills 

(CIP CIAT) 
Potato tuber moth 

Potato germplasm management 
(PRECODEPA) 

Workshop on improvement in 
seed prnduction and distribution 

Postharvest technology 
Seed production 
Seed production 
Workshop on late blight (PRAPAC) 
Production 

Production 
Production 
Production 
Seed production and storage 

Workshop on potato production 
and constraints in West and Central Atrica 


Production" 

Vegetative seed production" 


Modern methods in potato production 
Sweet potato production 

Workshop on sweet potato improvement 

Workshop on marketing and processing 

Workshop on TPS, extension and
 

on-farm technology transfer 

Production 

Production 

Production" 


Workshop on pctato production 
True potato seed 

Workshop on postharvest 

Sweet potato virology 

English language 

Sweet potato in vitro germplasm 

management
 

No. of No. at 
participants countries 

18 10
 
12 7
 
57 29
 
24 10
 
17 1
 
53 5
 

29 6
 

16 10
 
19 6
 

13
 

15 10
 
16 10
 

6 2
 
35 1
 
34 5
 
31 1
 

27 1
 
15 1
 
12 1
 
18 1
 

11 10
 
16 1
 
27 14
 

23 4
 
16 4
 
32 15
 
18 9
 

18 6
 

24 1
 
16 9
 
17 1
 

33 11
 
12 1
 
37 14
 

8 1
 
9 1
 

12
 

"United Nations Development Program (UNDP) 

145 trainees from Peru, 8 from developed countries 
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municators on course organization,
management, and cvaluation (e.g., na-
tional staff fron, Chile); dcvcl)pmcni of
communicalions-rclatcd learning cx-
pcricnccs in regional and in-counlry 
courses, e.g., FIcuador and ('olombia;
and pr paralion oft raining malcrials, in-
ciding Icchnical information bulltins
and complcimctlary slide sets, and other
media such as research guides, lecture
materials and handouls. 

('1P was host to a workshop for all
international agricultural rcscarch 
centers on " hunijan Resource )evelop-
nicni Through Training." Parlicipanils
from 13 C(;IAR centers and 4 non-as-
socialcd ccnter,; made recommendations 

that were subse(lucntly approved by the
Centcr directors. A working group was

named 
 to furlhcr cvalualc the rccoi-
nidalions and prepare viable plans of

action, and joint clorts began immcdialcly following Ihic workshop. 

Cinmriiunicatiota Support 
U nit functions included Planning and

design for print, photographic, and 
electronic media for research and ad-

ministration included the annual report,
a sclf-study and I)udgcl documents, apublic-awarcncss brochure, and an
audio-visual prcsentation for visitors to 
CI1). 

Support to National 
Programs and NetworksNational program collaborators, mainly 
in Lalin America, were assisted in iden
tifying communications problems and in 
seeking solulions. 

ministrative programs. The media
products ranged from photos of field and
laboratory experiments to editorial help
with journal articles and co-published
books (Table 11-1). Technical ani
professional communicalions serviccs in
cludcd writing and editing, audicnce 
analysis, language Iranslation, graphics
and illustration, prinling and audiovisual 
production, and distribulion. CI)'s pub
lications and learning materials now in
clude co-publishing efforts and other
conlracts to translate CI- technical 
media and the CIP circular into the the
French and Chincsc languages.

Media production in support of ad-

AccessingtI(J ib Iso nfI;IIlormaionl Ser/viceI Utnlt 0 01 Il 



This assistance included support to: 

S 	 PROCIANDINO to help 
develop communication 
strategies for transfer of tech-
nology to their audiences. 

" 	Red Interamericana de Com-

unicadores Agricolas (RICA) 
to 	help generate an informal 

flow of information among com-

municators in agricultural re-

search institutions in Latin 

America. 

* 	Country-level projects in Peru, 
e.g., COTESU and SEINPA, as 
well as ALAP. 

Information Services 

Development of Databases. A CIP Bibli-
ographic Database has been developed, 
containing conventional and non-con-
ventional literature from CIP's library 
that is related to potatocs and sweet 
potatoes. The database now has more 
than 25,000 refercnccs; it includes bibli-
ographical data, kcywords, and abstracts 
in the English, Spanish, and French lan-
guages, if available in the original docu-
ment. 

Potato and sweet potato references 
are accessed from CABI and AGRIS 
magnetic tapes maintained by a com-
puter at CIP headquarters in Lima. 
Other databases (for example, AGRIS in 
Vienna and DIALOG in the USA) are 
accessed via satellite, 

A database on publishing p rocedures 
has also been designed and procedures 
are available that provide instructions for 
submission of articles to more than 100 
journals. 

Services. ISU services directly sup
port CIP headquarters and regional staff 
and are free-of-charge to qualified users 
in naional and regional programs, in
eluding researchers, university profes
sors, and students. 

Retrospective Searches. A total of 

1,260 retrospective searches have been 

conducted for 152 CIP staff and 329 na

tional researchers. 
Selective Dissemination of Informa

tion. This quarterly service is available to 

recommended users who have a continu
ing need for up-to-date information on 
specific topics. Over 200 profiles have 
been developed and 114 users are being 
serviced. 

Specialized Bibliographies. Users 
other than CIP staff may require special
i;,.cd bibliographies prepared from CIP's 
priority research areas; three such bibli
ographics have been prepared from the 
CIP database. 

Training demonstrations: All visiting 
scientists at headquarters in Lima were 
given an orientation on how to use the 
CIP information services. Participants in 
group training exercises received instruc
tion on how to access information, and a 
slide set was prepared for use by regional 
staff in in-country and regional activities. 

Cooperation International Agricul
tural Research Centers: As a result of 
the first CGIAR Documentation and In
formation Services Meeting held at CIP 
in 1985 and a subsequent meeting was 
held at ICRISAT. ISU staff have been 
instrumental in developing action plans 
for inter-center collaboration. 
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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 

CDH 
CGA 
CGIAR 
CIAAB 
CIAT 
CIP 
CIPC 
CMS 
CNPH 
COTESU 
CPRA 

CPRI 

cm 

cv 

cv. 
DLS 
DMRT 
DNA 
d 
EB 
EBN 
EDTA 
ELISA 
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International Information System for Agricultural Sciences and 
Technology (Italy)
Agency for International Development
Asociacion 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 ingredicnt
 
average
 
Bangladesh Agricultural Research Institute 
Bureau of Plant Industries (Philippines) 
bacterial wilt 
Chinese Academy for Agricultural Sciences 
Commonwealth Agricultural Bureau International (CAB In
ternational)
Centre pour le Developpment de l'Horticulture (Senegal)

general combining ability

Consultative Group on International Agricultural Research
 
Centro de Investigaciones Agricolas "A-Boerger" (Uruguay)

Centro Internacional de Agricultura Tropical (Colombia)

Cento Inernacional de ia Papa (Peru)

isopropyl-N-3-chlorophenyl-carbamate
 
cytoplasmic male sterility

Centro Nacional de Pesquisa de Hortaliqas (Brazil)

Cooperacion Tecnica Suiza
 
Centre de Perfectionnement et de Recyclage de Pratiques

Agricoles de Saida (Tunisia)

Central Potato Research Institute (India)
 
centimeter
 
coefficient of variation
 
cultivar
 
diffused-light store 
Duncan's multiple range test 
deoxyribonucleic acid 
day 
early blight 
endosperm balance number 
ethylenediaminetetraacetic acid 
enzyme-linked immunosorbent assay 



EMBRAPA 
ENEA 
ERSO 
FAO 
FDR 
FONAIAP 
GA 
GAAS 
g 
h 
ha 
Irp 
IAO 
IBPGR 
IBTA 
ICA 
ICAR 
ICRISAT 
ICTA 
IDEAS 
IDRC 
IFPRI 
IITA 
INIA 
INIAA 

INIAP 
INIFAP 

INIPA 

INIVIT 

INPT 
INRA 
INRAT 
INTA 
IPO 
ISABU 
kb 

LAR 
LB 
LEHRI 
LER 

Empresa Brasileira de Pesquisa Agropecuaria (Brazil)
 
Energia Nucleare c delle Energie Alternative (Italy)
 
Consorzio "Mario Neri" (Imola, Italy)
 
Food and Agriculture Organization of the United Nations
 
first division restitution
 
Fondo Nacional de lnvestigaciones Agropecuarias (Venezuela)
 
gibberellic acid
 
Guandong Academy of Agricultural Sciences
 
gram
 
hour
 
hectare
 
hypersensitive response
 
lstituto Agronomico per l'Oltremase, Italy
 
International Board for Plant Genetic Resources
 
Instituto Boliviano de Tecnologia Agropecuaria
 
Instituto Colombiano. gropecuario (Colombia)
 
Indian Council for Agricultural Research
 
International Crop Research Institute for Scni-Arid Tropics
 
Instituto de Ciencia y Tccnologia Agricolas (Guatemala)
 
The Venezuelan International Institute of Higher Studies
 
International Development Research Centre (Canada)
 
International Food Policy Research Institute
 
International Institute of Tropical Agriculture (Nigeria)
 
Instituto Nacional de Investigaciones Agropecuarias (Chile)
 
Instituto Nacional de Investigacion Agraria y Agroindustrial
 
(Peru)
 
Instituto Nacional de Investigaciones Agropecuarias (Ecuador)
 
Instituto Nacional de Investigaciones Forestales y
 
Agropecuarias (Mexico)
 
Instil uto Nacional de Investigacion y Promocion Agropecuaria
 
(Peru)
 
National Institute for Research in Tropical Roots and Tubers
 
(Cuba)
 
Institut National de la Pomme de Terre (Togo)
 
Institut National de la Recherche Agricole (Senegal)
 
Institut National de la Recherche Agronomique de la Tunisic
 
Instituto Nacional de Tecnologia Agropecuaria (Argentina)
 
Research Institute for Plant Protection (Netherlands)
 
Institut des Sciences Agronomiques du Burundi
 
kilobar
 
liter
 
leaf area ratio
 
late blight
 
Lembang Horticultural Research Institute, Indonesia
 
land equivalent ratio
 

L 
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LSD 
LUE 
lat. 
long. 
MA 
MBN 

Mi 
m 
mcq 

rin 

nil 
mm 
mo 
NAR 
NARS 
NASH 

ND 

NS 

NSAC 
ifil 
ns 

OP 

1131 
PCARRD 


PCN 
PIPA 
PLRV 
PNAP 

PRACIPA 

IPRAPAC 

PRECODEPA 

PR! 

PROCIANI)IN() 

PROCIPA 

IPSTV 
PTl'M 
PTV 
I'VA 

1-1-1
 

least significant difference
 
light use efficiency
 
latitude 
longitude 
nmonoclonal antibody
Meloidogyne bacterial wilt nematode resistant material 
megajoule 
meter 
hmilicquivalcnt
 

minute
 
milliliter
 
millimcter
 
month
 
net assimilation rate 
National Agricultural Research Systems
nucleic acid spot hybridization test
 
not determined
 
not studied
 
Nova Scotia Agricultural College 
nanomcler 
not significant 
opcn-pollinaled 
Plant Breeding Institute (Cambridge, UK)Philippine Council for Agriculture and Resources Research 
and Development
 
potato cyst nematode
 
Programa de Investigacion en Papa (Peru)

potato leafroll virus
 
Programme National de I'Arnelioration de lia
Pomme de Terre 
(Rwanda)
Programa Andino Coopcrativo de Investigacion en Papa (An
dean region)
Programme Regional d'Amclioration de Ia Culture de Ponme
 
dc Terre en Afrique Ccntrale (Central Africa)
Progrania Regional Cooperativo de Papa (Central America-

Caribbean)
 
Plant Research Institute

Progrania Coopcrativo de Invesligacion Agricola para IaSub
region Andina

Programa Coopcralivo de Investigaciones en Papa (southeast
 
region of South America)
polato spindle tubcr viroid 
potato tuber niolh 
Peru Ionato virus 
potato virus A 



PVM potato virus M 
PVS potato virus S 
PVV potato virus V 
PVX potato virus X 
PVY potato virus Y 
ppm parts per million 
RCB randomized complete block design 
RGR relative growth rate 
RI I relative humidity 
RICA Red Interamericana de Comunicadores Agricolas 
RLER relative leaf expansion rate 
RNA ribonuclcic acid 
SAPPRAD Southeast Asian Program for Potato Research and Develop

ment 
SCRI Scottish Crops Research Institute (Scotland) 
SD standard deviation 
SED standard error or difference 
SEINPA Semilla e lnvestigacion en Papa (Peru) 
SLA special leaf area 
SPCV sweet potato caulimo-like virus 
SPFMV sweet potato feathery mottle virus 
SPLV sweet potato latent virus 
SPMMV sweet potato mild mottle virus 
see second 
TPS true potato seed 
t ton 
UNA Universidad Nacional Agraria - La Molina (Peru) 
UNDP United Nations Development Programme 
USAID United States Agency for International Development 
var. variety 
Vol volume 
vs. versus 
WUE water use efficiency 
wk week 
wt weight 
yr year 
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wild potato species in breeding. In 
Proceedings of the XXIX Planning 
Conference on Strategies for the 
Conservation of Potato Genetic 
Resources IV, International Potato 
Center, Lima, Peru, February 9-13, 
1987. pp. "135-149. 

Schmiediche, P., J.Jaynes, and J.11. 
Dodds. 1988. Genetic engineering for 
bacterial disease resistance in 
potatoes. In Proceedings of the Plan
ning Conference on Bacterial Dis
eases of the Potato, International 
PotatoCenter, Lima, Peru, March 16
20, 1987. pp. 123-132. 

Zachmann, R. and G.Robertson. 1988. 
Social Science training: past ex
perience and needs expressed by na
tional programs. In Proceedings of 
the Third Social Science Planning 
Conference on The Social Sciences at 
CIP, International Potato Center, 
Lima, Peru, September 7-10, 1987. 
pp. 334-343. 
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Research and Consultancy Contracts in 1988 

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 mcet changing needs and have proved to be both effective and low cost. In 

budgetary terms, collaboration with other 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 

inportan 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 conti actecs who frequently 

play an important role in CIl"s rescarch-planning conferences and other planning 

and assessment activities. 

Thrust I 	 Thrust II 
Collection, Maintenance, and Production and Distribution of 
Utilization of Unexploited Advanced Breeding Material 
Genetic Resources 7. Inst-itu to Nacional de Tecnologia 

1. 	 (uangdongAcademyof Agricultural Agropecuaria (INTA), Balcarce, Ar-
Sciences (GAAS), China - Devcl- gentina - Programa de utilizacion 
opnient of sweet potato gcrmplasm de mayor variabilidad genctica en el 
for the tropics. Feng Zu-Xia plan de mejoramiento de papa. 

2. Zhuzhou Instituc of Sweet Potato A. Akcnditnif 
(XISP), China -- Evaluation of sweet 8. Centro Nacional de Pesquisas de 
potato germplasin. ShengJia Lian -lortalicas (CNPI I/EMBRAPA), 

3. 	 Instituto Nacional di Investigaciones Brazil - Evaluacion de gcrmoplas
- ma de papa (Solanum tuberosumn L.)Agropccuarias (INIAP), Ecuador 

con relacion a resistencia aAltenaiaMaintenance of the potato germ-
plasm in vitro collection. F.MAtioz solani. F.J.B. Reiftchncider 

4. 	 Rotharnsted Experimental Station, 9. Centro Nacional de Pesquisas de 

England - Stability/variability of Hortaliqas (CNPH/EMBRAPA),
potato in culture and storage. Brazil - Sciection of TPS progenies
M. G.K.Jones 	 adapted to the northeast and center 

west of Brazil.JoseA. Buso5. 	 Entc Nazionalc dcllc Energic Alter-
native 	 (ENFA), Italy - Develop- 10. Agriculture Canada, Canada - Nu

to tritional and chipping evaluation ofmcnt of potato v rictics resistant 
insect pests by means of conventional selected parental cloncs in Peru, the 
innovative breeding technologies. Philippines and Canada. T. R. Tani 
A. Sonnino and, L. Bacchelta I1.Consorzio "Mario Neri" (ERSO), 

Studi della Tuscia Iniola, Italy - Selection of potato6. 	 Universita degli 
high starch content.Vitcrbo, Italy - Use of genetic en- clones with 

ginccring methods to confer fungal L. Concilio 
disease resistance to potatoes. C. Di 12. Instituto Nacional do Investigacion 
Pace Agraria (INIAA), Peru - Evalua

ci6n de clones avanzados del CIP 
para el Programa Nacional de Papa 
del Peru. D. Untiveros 
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13. 	University of Tacna, Peru - Evalua-
tion of sweet potato gcrmplasm fortolerance to certain abiotic stresses
under arid conditions. N.Arevaho

14. Aegean Regional Agricultural Re-
search Institute (ARARI), Turkey -Potato gcrmplasm cvaluation and
multiplication. N. Kuznan 

15. 	Cornell University, Ithaca, NewYork, U.S.A. - The utilization ofSolanwin tuherosutn spp. azdigena
germplasm in potato improvement
and adaptation. R. L. Plaistvd, H. D.77Turston, W.Al. Tingty, B. B. Brodie,E. E. Ewing,and D. Ave 

16. 	North Carolina State University,
U.S.A. - Breeding and adaptation ofcultivated diploid potato species.
W. W. Collins 

17. 	 North Carolina State University,
U.S.A. - Breeding early-yielding,
and disease-resistant sweet potatoes
with enhanced food qualityand nuiri-tional value. W. H. Co/lins 

18. 	 University of Wisconsin, Madison,
U.S.A. - Potato breeding methods
with species, haploids and 2ngametes. S. . Peloquin 

Thrust III 
Control of Bacterial 

and Fungal i)iseases
19,. 	 University of Queensland, Brisbane, 

Australia - Taxonomy of 	Pseudo-Austalia-Txonoy o Psedo-Monas solanaceantin. A. C tlayward
20. Centro Nacional de Pesquisas de

fiortaliqas (CNPI-/EMBRAPA), 
Brazil.- Potato gcrmplasm evalua
tion for resistance to bacterial wilt.Carlos A. Lopez 

21. 	 Instituto Colombiano Agropccuario,

(ICA), Rio Negro, Colombia - Eva-
luacion dc lia rcsistencia dc material
gcnetico dc 	papa a Pseudomonas
solanaceanttn y Ph'vtophthora infes-
tans. P.L. Gomez 

22. 	Instituto Nacional dc Investigaciones
Agropccuarias (INIAP), Ecuador -Estudio v control dc 	 las enfer-
mcdades lamosa y roya de la papa en 
Ecuador. H. Orellana 

I(ff 

23. 	L.E.H.R.J. Experimental Station of
AARD, Indonesia - Breeding forresistance to bacterial wilt of potato
in Indonesia. Sudjako Sahat 

24. 	Gilat Regional Experimcntal Station,
Israel - Verticillium wift and earlyblight tolerance of potato in 	hot
climates. A. Nachmias 

25. National Agricultural Laboratories,
Nairobi, Kenya -	 The reaction ofselected potato clones to two races ofPveudotnon:assolanaceana,, in Ken
ya. A. 0. Michieka 

26. 	Universidad Nacional Agraria-La
Molina, Peru - Consultancy on carly
blight of 	potatoes: specialization of
Altcrnariaspp. T.Alnes de Icochea27. 	Universidad Nacional de t-luanuco,
Peru - Desarrollo de variedadcs de 
papa con resistencia a enfermcdades 
y adaptacion a zonas ccologicas delDepartamcnto de luanuco. E. Tor
res Vera

28. Cornell University, Ithaca, New 
York, U.S.A. - Population geneticsof Phytophthora infestans in its natu
ral ecosystem at Toluca. W. E. Fry29. 	University of Wisconsin, U.S.A. -
Fundamental research to developcontrol measures for bacterial 
pathogens of the potato. A. Kelnan
andL. Sequeira.30. Cnr eIvsiainsA~ioa 

30. Centro de Investigaciones AgricolasSA. Borger" (CIAAB), Uruguay -A. 	solaniy precocidad en materiales
Seleccion de clones con resistenciaa 
con antecedentes de rcsistencia a
virus. F. VilaroandCCisci 

Thrust IV 
Control of Virus 
and Virus-Like Diseases
31. 	 Isthuto Agronomico per Ite 

(I.A.O.), Italy.- Production of antiscra against majo;r potato viruses.
AL. BroioandA. Galanti 

32. Uni ,ersidad Nacional Agraria-La
Molina, Peru - Consultative contract on maintenance of monoclonal 
antibodies for potato viruses. . Cas
tillo 



33. 	Universidad Nacional Agraria-La 
Molina), Peru - Maintenance of 
monoclonal antibodies for potato 
viruses. J. Castillo. 

34. 	Instytut Zieniniaka, (Institute for 
Potato Research), Poland - Breed-
ing potatoes resistant to the potato 
Icafroll virus, PLRV. K. hi. Swiezynski 

35. Scottish Crop Research Institute, 
Scotland. - Resistance to potato 
leafroll virus. B. D. 1arrison 

36. 	Louisiana State University, U.S.A. -
Attempts to elucidate the ctiology of 
sweet potato chlorotic leaf distortion. 
CA. Clark. 

37. North Carolina State University, 
U.S.A. - Development of virus test-
ing procedures lor sweet potatoes. 
J.Moyer 

38. North Carolina State Ur.iversity, 
U.S.A. - The accumulat:-,n of sweet 
potato feathery mottle virus, dsRNA, 
and selected viral proteins in sweet 
potatoes. J. Moyer 

39. 	Centro de Invcstigaciones Agricolas
"A. Bocrgcr" (CIAAB) Uruguay -
Eauationo CAA mateual frB ger"Evaluation of genetic material for 

resistance to PVX and PLRV under 
field conditions. C. Crisci and 
F. 1"ilaro 

Thrust V 
Integrated Pest Management 

40.. Instituto Nacional de invcstigaciccs 
Agropecuarias (INIAP), Ecuador -
Evaluacion de clones resistentes al 
nenatodo del quiste (Globodera 
spp.) en el Ecuador. R. Eguiqrenand 
J.Revclo 

41. 	 Universidad Nacional Agraria- La 
Molina, Peru - Consultancy 0 
biological and selective chemical 
control of potato and sweet potato 
insect pests. J. Sanniento and Col-
leagues

42. 	Univcrsidad Nacional Agraria-La42. 
Molina, Peru -- Consultancy on Pra
tylenchusspp. as important nematode 
pests of potatoes. A. Canto 

43. The Southeast Asian Regional Cen
ter for Graduate Study and Research 
in Agriculture (SEARCA), The 
Philippines - Management of thrips 
and mites attacking potato in the 
lowland. E. N. Bernardo 

44. 	University of the Philippines, Los 
Bafios (UPLB), The Philippines -
Integrated control of nematodes and 
weeds by the use of biological control 
agents and solarization. R. Davide 

45. 	Institute of Virology, U. K. - Studies 
on the potato tuber moth. P. 
Entwistle. 

46. 	North Carolina State University, 
U.S.A. - Evaluation of potato lines 
for resistance to the major species 
and races of root-knot nematodes 
(Meloidone spp.). J. N. Sasser 

Thrust VI 
Warm Climate Potato 
and Sweet Potato Production 

. ... . . .. ..... . 
47. Maritius Sugar Industry Research In

stitute (MSIRI), Rcdnit, Mauritius -	 Development of potato varietiesfrlwadtoia odtos 
for lowland tropical conditions. 
K 	Wong Yen Cheong 

48. 	Universidad Nacional Agraria-La 
Molina, Peru - Manejo de suelos, 
fertilizantes y nutricion mineral de Ia 
papa bajo condicioncs advcrsas de 
suelo y clina. S. Villagarcia 

49. Scottish Crop Research Institute, 
Scotland - Drought tolerance in 
potatoes. P. Waister 

Thrust VIII 
Posthrvest Technology 
.o ... Tec-nolo-.i.r.e.. 

50. 	The Philippine Root Crop Research 
and Training Center (PRCRTC), 
Tie Philippines - Development of 
simple processing technologies for 
sweet potato/potato-based products
for low-income groups as target consumers. T. van Denl 

51. 	Society for Development of Ap
propriate Technology (SOTEC).
India - Development of village-level 
potato processing and utilization of 
potato in local foods. R. W. Nave 
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Thrust IX 

Seed Teclnology 

52. 	Victoria Department of Agriculture,

Australia - Prodiictionofpathogen-
tested potato germplasm for
Southeast Asian and Pacific 
Countries. P. T.Jenkins I 

53. Instituto de Investigaciones Agro-
pccuarias (INIA), Osorno, Chile -
Produccion de semilla botanica de 
papa en Chile. J. Santos Rojas and 
A. Cubillos 

54. Istituto Agronomico per l'Oltremare 
(lAO), Italy - The use of novel an-tibactcrial vcnes to confer bacterial 
disease resistanceD. E. Foard to potato plants. 

55. Istituto di Agronomia, Universita diNa Italyo -- Seetonoia,Selection ofofiTPST apa-pa-diNapoli, Italy 
rental lines in high seed production.L. Monti antd L. Politanzo 
Un6. dadL.Nao grar

56. 	Universidad Nacional Agraria-La
Molina, Peru - Training and consultancy research in effects of soil 
management and fertilization on 
flow -ring, fruit setting and seed
quality of the potato. S. Villagarcia 

57. Louisiana State University (LSU),
U.S.A. - The use of agrobacterium
plasmid vectors to insert anti-bac-
terial, anti-insect and frost resistance 
genes into potato plants. . M.Jaynes 

Thrust X
 
Potato and Sweet Potato
 
in Food Systems

58. Instituto Nacional de Tccnologia
Agropecuaria(INTA),Argentina -
Consultancy on sweet potato produc
tion and utilization. A. Boy

59. England - Sweet potato: an un
tapped food resource. . A. Woolfe

60. H. P. University, India - Demand 
study for processed potatoes. B. K 
Sikka 

61. 	Peru - Demand for sweet potato. M. 
Collins 

62. Peru - Study of farmer selection of
potatovarietiesinKenya.L. Ossina,p tt ai te nK n a .Cis a 

63. International Food Policy Research
Institute (IFPRI), U.S.A.potato/sweet potato development in- White 
pota/we poeChina. B.Stone 

64. University of Arizona, U.S.A. -Houseshold gardens. V.Ninez' 
65. Centro de Investigaciones Agricolas,

"A. Boerger" (CIAAB), Uruguay -
Consultancy on breeding and
propagation of sweet potato.
F.Vilaro 

Suppori Department
66. Consutancy Contract. La Molina,


Peru - Management of light and
 
temperature in CIP greenhouses.
 
U.Moreno 

67. Consultancy Contract. Lima, Peru -
Management of sweet potato germ
plasm. R. del Carpio 

Regional Research andTraining 
68. 	International Agricultural Centre,

Wageningen, The Nctherlands -
Consultancy for regional research 
and training. 1. P.Beukema 
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Staff
 

SENIOR MANAGEMENT 

Richard L. Sawyer, Ph.D., 

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

Deputy Director General 
William A. lamann, B.S., 

Assistant ,othe )irector General 
Peter Gregory, Ph.D., 

'-;;rector of Research 
Ken; eth J. Brown, Ph.D., 

Drc-tor of Regional Research 
Primo Accatino, Ph.D., 

Associate Dir., Transfer of Technology 
Adrian A-ajardo, M.S., Executive Offic, 
Leonardt, Hussey, Controller 

RESEARCH THRUSTS 
(Leaders and Co-Leaderc) 

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

I1. Production and Distribution of 

Advanced Breeding Material 
(II. Mendoza-M. lwanaga) 

III. 	 Control of Bacte.rial and 
Fungal Diseases 
(E. French) 

IV. Contrel of Virus and Virus-Like 
Diseases 
(L. Salazar-.U. Jayasinghe) 

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

VI. 	 Warm Climate Potato and Sweet 
Potato Production 
(1). Midmore-H. Mendoza) 

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

VIII. 	 Potharvest Technology 

(S. Wiersem-R. Rhoades) 

IX. 	 Seed Technology 
(P. Malagamba-A. Golmirzaie) 

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

RESEARCH DEPARTMENTS 

Breeding and Genetics 
Humberto Mendoza, Ph.D., Geneticist, 

Head of Depaitment 
Andrea Brandolini, Dot. Agr., Visiting 

Associate Scientistt 
Edward Carey, Ph.D., Sweet Potato 
Breeder
 

Enrique Chujoy, Ph.D., Geneticist 
(The Philippines) 

T. R. Dayal, Ph.D., Sweet Potato Breeder 
(New Delhi) 

Ali Golmirzaie, Ph.D., Geneticist 
Haile M. Kidane-Mariam, Ph.D., Bteeder 

(Kenya)t 
Juan Landeo, Ph.D., Breeder 
II Gin Mok, Ph.D., Sweet Potato Breeder

(Nigeria) 

Maria Scurrah, Ph.D., Breeder 
Kazuo Watanabe, Ph.D., Cytogeneticist 
Genetic Resarces 

Peter Schmiediche, Ph.D., Breeder, 
Head of Departmen! 

Fermin De la Puente, Ph.D., Breeder 

Zosimo Huaman, Ph.D., Geneticist 
Masaru Iwanaga, Ph.D., Cytogeneticist 

Nematology and Entomology 
Parviz Jatala., Ph.D., Nematologist, 

Head of Department 

Javier Franco, Ph.D., Nematologist 
Bruce Parker, Ph.D., Entomologist 

(Kenya)t 
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K. 	V. Rarnin, Ph.l).. Entomologist 
(sabbatical leave) 

Luis 	Vaineni'1, Ph.l)., Entomologist 
(Colonllbia) 

Pathology 
Fdward R. French, Ph.l., Pathologist, 

fI)ad of Departrent 
Ilossicin lI-Nashaar, Ph.).. lacteriologist 
otln I'l-Phinst one, Ph.D., BIacteriologist 

EiiriqIe Fcrnandez-Northcote, ph.!). 
Virologist 

(iregory A. Forbes, Ph.)., Mycologist 
Upali Javiasinghe , Ph.!)., Virologist
Maddalena Querci, Dot. Agr., Visiting 

Associate Scientisr1 
ILuis Salazar. Ph.)., Virologist 
Linrica G. Skoglund, Ph.D., Mycologist 
IL.1. "lTurkensteen, Ph.)., Adjunct 


Scientist (Netherlands) 


Physiology 
Patricio Mahaganiba, Ph.I)., Physiologist, 

I lead of' Departhent (sabbatical, part
1988) 

(ornelia Alnckinders, fr., Scientific 

Ass iciatet 

Iclrn Beautort-Murphy, Ph.)., 

Physiologist
 

Jurg Bienz, Ir.,Scientific Associate (until 

August 1988)1'


John )odds, Ph.)., Tissue ('ulture 

Specialist (sabbatical, part 1988)


Yoshihiro Eguchi, B.S., 
 Visiting Scicntist*t 
Indira FL'kanayakc, Ph.)., Physiologist
DIavid J. Midinorc, Ph.!)., Physiologist 
(sabba tical, part 1988). active lead of 
Neparliulli 

Noel IPalllis,
PhI).. Physiologist
Irederick Payton, NI.S., ScientificAssoc'iate, 

Nichatel' 
 IOscar 
Rghel V!, IndoiuesiA 


(Regon V!.
Idoneia)OscarSic rt Vie rse ona. Ph. I).,. Physioh igist(Region VII, Thhilarid) 

Social Science 
)ouglas IL. Ilotril. ln.)., 'Ecornorniist, 
I lead of )epartnment 

(hiarles C(rissian, Ph.I)., Ecoinurimist 
Peter Ewell, Ph.I).. Lconoinoist 
(w+ofrSepteibier 1.1988) 

Anibal Monares, Ph.D., Econoinist 
(until April, 1988)

Gordon Prain, Ph.)., Anthropologist 
(Os of August 1988) 

Rolert E.Rhoades, Ph.l)., A lthropologist 
Gregory J. Scott. Ph.ID., Economist 

(sabbatical leave fron Sept. 1988) 
Greta Watson, Ih.l). Visiting Associate 

Scientist (Indoncsia) t 
Norio Yam anoto, Ph.I). .thinolotainist*t 

Research Support 
Fausto II. Cisneros, Ph. ) , tomologist, 

I lead of )epartment 
James E. Bryan, M.S., Seed Technologist 

(transferred from Regional Research)
Lombardo Ce traro, liologist, Field & 

Greenhouse Supervisor, San Ranon 
Alfredo Garcia, M.S., Bliomctrician, Lima 
Victor Otazu. Ph.I)., Superintendent, 

Sarl Rariior
 
Mario Pozo , Ing. Agr., Field &
 

Greenhouse Supervisor, I.ia
 
Miguel Qucvcdo, Ing. Agr., Field &
 

Greenheusc Supervisor, thuancayo
 
Marco Soto, Ph.)., Superintendent,
 

Huancayo 

REGIONAl RIESEARCH 

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


(until June 1988, transferred to
 
Research Support)
 

Feriando -zeta, Ph.)., Network
 
Specialist
 

Region -Andean Latin America 
Apartado Aereo 92654Bgota 8. ).E3.. Colo mbiao oa8 )t,(o u li
 

Ilidalgo, Ph.)., 
 Regional
 
Represenitative (fri 
n July 1988)Malaniud, Phi.I., RegionalrMaan i.P.I.,Rgom
 
Represcntative (until June 1988)
Juan Aguilar, Ing. Agr.. Seed 
Productinin (Pcru)t 

Lukas !Icrtschinger, Ir.,Associate 
Scientist (Peru)f 

Ffraiin Franco, M.S., Eoonmi;t (Peru)'t 
Gordon Prain, Phi)., Anthropologist 

(Peru) (inti! July 1988)I 
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Luis Valencia, Ph.D., Entomologist 
(Colombia) 

Urs Schcidegger, Ph.D., Agronomist, 
Team Leader SEINPA (Peru)t 

Anna Strohmenger, Dot. Agr., Visiting 
Associate Scientist (Paraguay)t 

Cesar Vittorelli, Ing. Agr., Co-Leader 
National Potato Program (Peru) 
(until Dec. 1988)t 

Region I-Central America 

and Caribbean 
P.O. Box 711 c/o IlCA 
Santo l)omingo, Dominican Republic 

Oscar Malamud, Ph.)., Regional 
Representative 

Carlos Martin, Ph.)., Regional 
Representative (as of January 1988) 
11Gin Mok, Ph.D., Swcet Potato 

Breeder (Nigeria) 
Thomas Gass, Eng., Associate Scientistt 

Region VI-South Asia 
International Potato Center 
Indian Agricultural Research 

Institute Campus 

New Delhi, 110012, India 

Mahesh Upadhya, Ph.)., Regional 
Representative 

Lyle Sikka, M.S., Seed Technologist 

(Bangladesh, until April 1988t and 

P.O. ox 2571 
P.O. Box 25171 
Nairobi, Kenya 

Sylvester Nganga, Ph.D., Regional 

Representative' 
Carlo Carli, Dot. Agr., Seed Specialist 

(Kenya)t 
Patricio Callejas, M.S., Agronomist 

(Ethiopia)t 
George Hlunt, Eng. Agr., Postharvest 

Specialist (until Oct. 1988)t 
Jeroen Kloos, Ir.,Coordinator 

PRAPAC (Rwanda)t 
Jose Luis Rueda, M.S.. Agronomist 

(Burundi)t 
Caroline Turner, M.S., Agronomist 

(Burundi)t 
Haile M. Kidane-Mariam, Ph.D., Breeder 

(Kenya) 
Bruce Parker, Ph.)., Visiting Scientist 

(Kenya)t 

Region IV-North Africa, Near and 
Middle East 

II Rue des Orangers 
2(181 Ariana, Tunis, Tunisia 
Roger Cortbaoui. Ph.)., Regional 

Representative 
Ramzy -I-Bedcwy, Ph.D., Scientific 

Associate (E-gypt) 

Region V-West and Central Africa 

c/o IRA Bambui 
P. 8(0 Mankon 
Fanienda, Cameroon 

Consultant until December 1988)Region Ilit-East and Southern AfricaT.Rl)yaP.),Setoat 
.R. Dayal, Ph.lD., Sweet Potato 
Breeder (New Delhi)

M ain h . goois 
M. Kadian, Ph.D., Agronomist 

M.S. Jaikath, Ph.D., Socio Economist
 

K.C. Thakur, Ph.D., Breeder 

V.S. Khatana, Ph.D., Socio Economist 

Region VII-Southeast Asia 
c/o IRRI 
P.O. Box 933 
Manila, Philippines
 

Peter Vander Zaag, Ph.D., Regional 
Representative 

Ponciano Batugal, Ph.D., Coordinator-
SAPPRAD 

Enrique Chujoy, Ph.D., Geneticist 
(The Philippines) 

Michael Potts, Ph.D., Agronomist 
(Indonesia) 

Greta Watson, Ph.D., Visiting Scientist 

(Indonesia) 
Siert Wiersema, Ph.D., Physiologist 

(Thailand) 

Region VlII-China 
Chinese Academy of Agricultural Sciences 
Bai Shi Oiao Rd. No. 30 
West Suburb of Beijing 

People's Republic of China 

Song Bo Fu, Dr., Regional 
Representative 

Qin Yutian, B.S., CIP Liaison Officer 



TRAINING AND COMMUNICATIONS 
DEPARTMENT 

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

Christine Graves, M.A., Writer/Editor
(Georgc Hun, Agr. Fg., Training 

Officer (Region III from Nov. 1988)
L.inda W. Peterson, B.F.A., English

Editor 
Carmen Polesta. M.A., Librarian/ 

Information Officer 
Ilernan Rincon, Ph.)., Spanish Editor 
(;arry Ro erlson, M.A., Training

Coordinator 
Carmen Siri, Ph.)., Ce')rdinator, 

Information Service U fitt 
Raincr Zachmann, Ph. B, Training 

Materials Specialist 
ADMINISTRAION 

Internal Auditor 
Carlos Nifio Ncira. C.P.C., Internal 

Auditor 
Office of the Executive Officer 
Adrian Fajardo, Executive Officer 
(esar Vitorelli, Agr. Eng., Assistant 

Executive Officer 
Maritza Be navides, Administrative 

Assistant 
Logistics Supervision 
L.ucas Reafio, C.P.C.. Super..i:,or
Miguel ('abanillas, B.S. Intl. Eng., Chief 

of Wirehouse 
Jose Pizarro, Imuportations Officer 
Jaime Cavallini, L.ocal Purchasing Officer 

Personnel & Labor Relations Supervision 
(uillermo Machado, Lic., SupervisorAna I)umett, B.S. Soc. Assist., S-ial 

Worker 
(icrnin IRossani, M.i)., Medical Officer 
Ada Sessarego, Personnel Assistant 
Foreign Affairs Liaison Oifice 
Marcela (heca, I laison Officer 
Transportation Supervision 
(:rlos Bohl. Supervisor 
Jacques Vandcrnotte, Chief Pilot 
I)jordje Velickovich. Pilot 
Percy Zu/ unaga, Co-Pilot 

Equipment and Maintenance Supervision
Gustavo Echecopar, Agr. Eng., Supervisor 

Travel Office 
Ana Maria Secada, Executive Assistant 
Auxilia~y Services Supervision 
Nancy Oshiro, Supervisor 

Controller's Office
 
Leonardo G. 
 iHussey, Controller 
Oscar Gil, C.P.A., Assistant Controller 

Treasury.-UnitSonnia Oiellana, Cashier 

Budget Unit 
Guillermo Romero, Chief Accountant 
Accounting Unit 
Miguel Saavedra, Chief Accountant
 
Staff
 

Office of the Controller 
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.)., Nematologist (Peru)
Romulo del Carpio, Ing. Agr., Taxonomist 

(Peru)
 
Pedro Leon 
 Gomcz, Ph.)., Breeder 

(Colombia)
 
Carlos Ochoa, M.S., Taxonomist (Peru)

Francisco 
 Vilaro, l'h.D., Sweel Potato
 

Breeder (Uruguay)
 
Sven Villagarcia, 
 Ph.D., Soil Scientist
 

(Peru)
 

SCIENTIFIC AND OTHER ASSISTANTS 
(By Department or Region) 
Raul Anguiz, M.S., Breeding & Genetics 
Walter Amoros, M.S.. Breeding & Genetics 
Miguel Ato, Ing. Intl. Alimentarias, 

Bireeding & ( -ictics
Luis Calua, M.S., Breeding & Genetics
Luis Diaz, M.S., Breeding & Genetics 
Jorge Espinoza, M.S., Breeding & Genetics 
Rosario Galvez, M.S.. Breeding & Genetics 
Luis Manrique, Ing. Agr., Breeding & 

Genetics 

166 



Felix Serquen, M.S., Breeding & Genetics 
Jorge Tenorio, B.S., Breeding & Genetics 
Roger Vallejo, M.S., Breeding & Genetics 
Ricardo Wissar, M.S., Breeding & Genetics 
Cesar Aguilar, Ing. Agr., Genetic 

Resources 

Jesus Amaya, Tech. l)ipl., Genetic 


Resources 

I umberto Asmat, Biologist, Genetic 

Resources 
Anibal Baltazar. Ing. Agr., Genetic 

Resources 
Walberto Eslava. Ing. Agr.. Genetic 

Resources 
Miatilde de Jara Vidalon , Biol., Genetic 

Resources 
Rossana Freyre Sala, B.S., Genetic 

kc,,urces 
('hrista Mcrzdorf, M.S., Biol., Genetic 

Resources 
Gisclla ()rjeda, B.S., Genetic Resources 
Armando Quispe, lg. Agr. , Genetic 

Resources 
Alberto Salas, lng. Agr., Genetic 

Resources 
Entomology 

Entomology',, 
Ida' Bartolini, M.S., Ncmatology & 

F11ton)logy
e Faia Ilg 

Entomology 

Enrliio Bil.,Cecilia
Cagyen G 

Arelis Ca rmen Garon, iol . , Nem atology 
& Entomology 

Alberto Gonzales, M.S., Nematology & 
FItoriolory 

Erwin Guevara, Ing. Agr., Nematology & 
Entomology 

Angela Matos, Ing. Agr., Nematology & 
Entomology 

R;ulI Salas, Ing. Agr.. Neriatology & 
Entomology 

Maria Villa, Biol., Nematology & 
Entomology 

Marina Zegarra, Biol.. Nematology & 
Errntomlology 

Pedro Alay. M.S.. Pathology 
Ilse l3albo . Pathology* (left 1988).Biol., 
('iro Barrcra. Ing. Agr., Pathology 
L.ukas Berischinger, Ing. Agr. ETI, 

Pathology" 

Carlos Chuquiillauqui, B.S., Pathology
 
Violeta Flores, Biol., Pathology
 
Segundo Fuentes, Biol., Pathology
 
Wilman Galindez, Ing. Agr., Pathology
 
Liliam G. Lindo, Ing. Agr., Pathology
 
Charlotte Lizarraga, B.S., Pathology
 
Josefina Nakashima, Biol., IPathology*
 
Ursula Nydegger, Tech. Dip., Pathology
 

aIans Pinedo, Ing. Agr., Pathology 
Hebert Torres, M.S., Pathology 
Ernesto Velit, Biol., Pathology 
Jurg Ben;, M.S.. Agronomist, Physiologyt 
Donald Berrios, Ing. Agr., Physiology 
Fausto Buitron, Ing. Agr., Physiology 
Rolando Cabello, Ing. Agr., Physiology 
Nelson Espinoza, Biol., Physiology 
Rosario Falcon, B.S., Physiology 
Nelly Fong, M.S., Physiology 
Rolando Lizarraga, B.S., Physiology 
Norma de Mazza, O.F., Physiology 
Ana IPanta, Bicl., IPhysiologyt 
F'rederick V. Payton, M.S., Agronomistt 
Mark Reader, B.S., Physiology* (left 1988) 
Jorge Roca, B.S., Physiology 
Roxana Salinas, Ing. Agr., Physiology 
Carmen Sigilieias, Biol., Physiologyt
Danicla Silva, Biol., Physiology 

io.,Pysolg 
Dora PiI r [ovar, Biol., Physiology
 
Adolfo Achata, Economist, Social Science*

Marisela Benavides, Sociol., Social Science 
Hugo Fano, Econonist, Social Science 

Gallegos, Economist, Social Science 
Victor Suarez, B.S., Statistician, Social 

Science 
Beatriz Eldredge. B.S., Bioretrician, 

Research Support 
Scgundo Gucvara. Electronic Tech., 

Operator, Research Support 
Lauro Gomez, Tech., Research Support 
Jose Jibaja, B.S., IIiorietriciain, Research 

Support* 
Jose I.uis Marca, M.S., Research Support 
Nelson Melendez, Tech. Dip., Research 

Support 
Alberto Velez, Electronic Eng., Research 

Support 
L.is Zapata, Ing. Agr. (Reg. I) 
Jorge Ouciroz, rig. Agr. (Reg. II) 
Stan Kasule, B.S. (Reg. Ill) 
John Kimai, B.S. (Reg. Il1) 
M. St ! uta, B.S. (Reg. IV) (Egypt) 
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M. Sharkimi, B.S. (Reg. IV) (Egypt) 
S. K. Menra, M.S., Post Harvest Assistant 

(Reg. VI) 
A. Demagante, M.S. (Reg. VII) 
V. Escobar, M.S. (Reg. VII) 
13.Fernandez, M.S. (Reg. VII) 
C. Montierro, M.S. (Reg. VII) 
B. Susana, B.S. (Reg. VII)

Jorge Apaza, Ing. Econ., Training & 


Communications 

Fiorella Cabrejos 
 M.S.T.. Training &
 

Comnmunications 

Fabiola Castillo, B.A., Training & 


Conlnunicatiotns 

Jesus ('hang, M.S. Ed., Training & 


Comnunications 

Martha Crosby, B.A., Training & 

Coi illtili cat ions 
Cecilia Ferrcyra, Training & 
Communications 


Marciano Mora les-Bermudez, M.S., 
Training & Cornniunicat ions 

Jorge Palacios, Dip., Training & 
Corntnications 


Ana Maria Police, M.S., Training & 
Communicatiotis 

Jorge Vallejo, Ing. Agr., Training & 
Commnunications 

Margarita Villagarcia, M.S., Training & 
Communications 

Eliana Bardalez, C.P.A., Controller's 
Office 

Jorge Bautista, B.S., Controller's Office 
Jose 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., Controller's 

Office 

*Lefl during the year.
 
t Tlese positions are separately funded as
 
Special Projects by the following donor agencies:

Australian Development Assistance Agency
Belgium, General Administration for
Cooperation and Development (AGCI))
 
C0nada, International Development
 

Research ('enire (tI)R(')
Food and Agriculture Organization of tie
United Nations (FAO)
 
Italy, Ministry of Foreign Affairs
 
Japan, International Board for Plant Genetic
 

ResoUrce
 
Netherlanes, Ministry of Foreign AffairsRockefeller Foundation 
Swiss )evt'lpopment Cooperation and 

Humanitarian Agency
United Kingdom, Overseas DevelopmentAdministration (ODA) 
United Stales. Agency for International 

Development (USAII))United Slates, Pepsico Food InternationalUnited States, McDonald's Corporation 
World Bank/INIPA 
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Filiancial Statements
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Pricewaltehme 

Moreno Paliio 0 

REPORT OF INDEPENDENT ACCOUNTANTS
 

March 3, 1989
 

To the Members of the Board of Trustees
 

International Potato Center - CIP
 

We have examined the balance sheets of International Potato Center -

CIP (a non-profit organization) as of December 31, 1988 and 1987, 

and the related statements of revenue, expenditures and changes in 

unexpended fund balances and changes in financial position for the 

years then ended. Our examinations were made in accordance with 

generally accepted auditing standards and, accordingly, included
 

such tests of the accounting records and such other auditing proce

dures as we considered necessary in the circumstances.
 

As described in Note 2-c), and in accordance with guidelines estab

lished by the Consultative Group for International Agricultural 

Research for the preparation of financial statements by 

Irternational Agricultural Re. arch Centers, firm orders for pur

chases of fixed assets and :'rvices are recorded in the year of 

their commitment rather than t the time when the actual liability 

arises. 

In our opinion, except for effect of the matter described in the 

preceding paragraph, the financial statements examined by us present 

fairly the financial position of Internatio.A Potato Center - CIP 

as of December 31, 1988 and 1987 and 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 iccounting principles consistently applied.
 

Countersigned by
 

---- (partner) 
Francido J. Moreno 

Peruvian Public Accountant
 

Registration No. 155
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INTERNATIONAL POTATO CENTER - CIP 

BALANCE SttEE.T (Notes* I and 2) 
as of December 31, 1988 and 1987 
(Ixprcsscd in U.S. dollars) 

ASSETS
 

CURIENT ASSItS
 
(ash and short-term deposits 


AccounIs receivable
 
I)onors 
Advances to pcroincl 


Ioal sIto Lcxctilie's aiid cmployees 
-
cturrent portion (Note 3) 


Other (Note 4) 

Inveljories of laboratory and
 

othcr supplic, 


Prepaid expense!, and othcr
 
currcntl asscts 


Total cturrcnl assets 

RISTRI('TlI) FtJN)S (Note 3) 

I)ANSrTO IX&It'UIIVES AND tIMPI.OYF.FS -
NON-(URt ,-NT 'ORTION (Note 3) 

I:ttN ASSETS (Note 5) 

1988 


3,352,991 

1,558.152 
59,544 

118,3(14 
496,096 

720,349 

97.222 

6.412,658 

213,578, 

74,212 

15,235,347 

21,915,795 

1987
 

2,716,847 

3,099,626 
18,075 

115,366 
352,219 

624,473 

113.502 

7,040,118 

275,(0 

176,545 

11,355,942 

18,847,595 

I I' aC )Inp.sll.o ing lIor.S ,trt' an in 'gral part of hc filiti ioIl.stall'ncil.s 
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INTERNATIONAL POTATO CENTER - CIP 

LIABILITIES AND FUND BALANCES 

CURRENT LIABILITIES 

Bank overdrafts and current portion 
of long-term debt (Notes 3 and 6) 

Accounts payable and other liabilities 
Grants received in advance 
Other payables and accrued expenses 
Total current liabilities 

LONG-TEIRM I)EBT (Note 3) 

PROVISION FOR S'V.RANCI INDEMNITIES, 
net of advances of 23,012

(61,273 in 1987) 


FUND 13AI.ANC'E.S 

Funds invested in fixed assets (Note 5) 

Unexpended funds -

Operating funds - Unrestricted 


- Restricted 

Capital fund 

Working funds 

Special projects 

Cooperative activities 


GRANTS I'LFI)GED (Note 7) 

1988 1987 

140,2MX 283,353 
1,424,455 1,040,334 

- 2,182,245 
383,494 229,026 

1,948,149 3,734,958 

55,237 167,509 

212,919 425,029 

15,235,347 11,355,942 

3,591 6,195 
5(,680 88,888 

- 188,00 
1,575,000 1,317,00 
2,219,116 1,510,969 

1(11,756 53,105 

4,464,143 3,164,157 

21,915,795 18,847,595 

The accompanying notcs arc an integral part of the financial statements. 
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INTERNATIONAL POTATO CENTER - CIP 

STATEMENT OF REVENUE, EXPENDITURES AND 
IN UNEXPENDED FUND BALANCES (Notes I and 2) 
for the years ended December 31, 1988 and 1987 
(Expressed inU.S. dollars) 

REVENU E 

Opetating grants:
 
Unrestricted 

Restricted 

Other restricted core grants 


Special project grants 

Grants for fixed asset additions 

Grants for cooperative activities 

Working fund grants 

Other income, net 


EXIENITIU R-S 

Operating costs: 
Potato and sweet potato research program 
Research services 
Regional research program and training 
Conferences, and seminars 
Library a id information services 
Administration costs 
Other operating costs, including replacement

of an aircraft for 3,1119.180 in 1988 

Other restrictcd core expenditures 
Special projects 
Cooperative activities 
;rants returned 

Additions to fixed assets 

Excess of revenue over expenditures 
Unexpended fund balance, beginning of year 
LJNEXI'-NDFI) FUND BAI.ANCE, END OF YEAR 

The accompanying notes are an integral part of the financial staemot.s 

CHANGES 

1988 


12,418,294 
3,081,939 

851,549 

16,351,782 
2,215,755 
1,188,000 

140,562 
258,0W0 
560,927 

20,715,126 

3,983,19(0 
1,614,133 
3,477,441 

152,401 
646,616 

1,281,626 

4,641,182 

15,796,489 
604,589 

1,503,137 
91,911 
4,471 

1801)0,597 
1,414,443 

19,415,040 

1,299,986 
3,164,157 

4,464,143 

1987
 

9,211 ,090 
2,194,525 

723,860 

12,129,481 
1.840,181 

8(16,547 
444,755 

17,t00 
665,991 

15,903,955 

3,795,862 
1,602,004
 
2,958,629 

103,593 
642,913 

1,434,283 

1,563,061 

12,100,345 
807,615 

1,963,173 
403,378 

3,432 

15,277,943 
618,547 

15,896,490 

7,465 
3,156,692 

3,164,157 
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INTERNATIONAL POTATO CENTER - CIP 

STATEMENT OF CHANGES IN FINANCIAL POSITION 

for the years ended December 31, 1988 and 1987 

(Expressed in tU.S. dollars) 

SOUR(I'01: FUNI)S 

Excess of revenue over expenditures 
)ecreasc in accounts receivable 

I)ecreasc in prepaid expenses and other assets 
I)ecrease in restricted funds 
I)ecrease in loans to executives and employees 

non-current portion 
Increase in funds invested in fixed assets 
Increase in accoults payable and other liabilities 
Increase in grants received in advance 
Provision for severance indemnities 

APPLICATION O)F FUtNI)S 

purchase and replacement of fixed assets 
- Core acquisitions 
- Special projects 
- Net cost of replacement 
Increase in accounts receivable 
Increase in inventories 
Increase in prepaid expenses and other 

cunrrent assets 
I)ccrease in accounts payable and other liabilities 
Decrease in grants received in advance 
)ecreasc in long-term debt 
Payment and advances of severance indemnities 

Increase (decrease) in cash and short-term deposits 
Cash and shoti-term deposits, beginning of year 

(ASH AND SHORT-TERM D-POSITS, END OF YEAR 

1988 

1,299,986 
1,353,1I0 

16,280 
71,422 

102,333 
3,879,405 

395,436 
-

216,236 

7,334,288 

1,414,443 
70,501 

2,394,461 
-

95,876 

-
-

2,182,245 
112,272 
428,346 

6,698,144 

636,14 
2,716,847 

3,352,991 

1987 

7,465 
-
-

25,000 

180,489 
868,682 

-
2,182,245 

42,65 I 

3,306,532 

618,547 
207,098 
43,037 

1,607,313 
106,978 

32,427 
998,984 

-
116,251 
75,033 

3,805,668 

(499,136) 
3,215,983 

2,716,847 

77e accompanying notes are an int egral part of the financial statements 
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INTERNATIONAL POTATO CENTER - CIP 

NOTES TO FINANCIAL STATEMENTS
 
as of December 31, 1988 and 1987
 
('xpressed in U.S. dollars) 

Operations 

The International Potato ( 'Center (CIP)
Peru, 

is a nton-protit organization located in limna.with programs tlroughout I.atin America, ('cntral America and the ('aribbean,the 	 Near and Middle Fast. Asia and Africa. ('IP's principal objeclive is t contributeto Ihe development of chpotalo, sweet polato and other Inhbrous roots !limojh scicntific research prograins. preparation and trainjin ol scienltists, dissemination if'researchresuIls in publicat ions, conlences, fortis and seminais. inld othi actilitics, in accor
dance vilh its obteIlctyes. 
('11) was established ihl1972. in accordance: wilh an Agreement br Scientific (Coperalioln ssi the (; lovrnnilcnt of PeiU sigincd in 1971 and CXp~iring ill20001. The ('Cenlcr isa meimIber ofItl1 gl-oip of International Agricultural Research ('enters which is supportted lv the (Thsiltaliv: (roup ltr Int-rnational Agricultural Research (('GIAR).
Illaccoldanllc with existing legislation and provisions of the Agreement describedaboVe. ('l1) is exempt Itoll income tax and other laxes. If for any reason the (enter'soperations ar terminated., all of its assels are to be transferred to i11 Peruvian Mill
islrvof AgriculiLre. 

2. 	 Summary Of significantIaccOUl11ting policiCs 

h'lieprincipal accounlinlg policies arc as follows: 

a. 	 Fo reign currencs -

The bloks antd accoulIts aire aiiained illU.S. 
dollrs. "ransacliols are mainly iiiU.S. dollars. Assets and lialbilitics dnoitninatcd in currencies other Ilai the U.S.dollar are c\pr,,e,,,d ill*eir-ettd xchange rales. Ixchlange gaills and losses areincluded illthc stitemeni of revenue. expenditures and changes illutexpetled 
hind halancs. 

b). Rciiuetl 
(rai transacti s iccorded as revenuen ol tIe basis of' donor colmitime s. 
('(ire inrsticletd g anis,. capitll :illt!workiig funid grants are 	pledged on1an annualbasis alnd ;1ssuch ;aICIccoglgmitd a revenue ii til car illwhich tllegrant is
pl-edgCd ;aslnlg as 1heC\ire deuiu1,:t to lie probahlc of collection. 
Restricted opralng and special project grants arc accoteld Iior 	 in the periodstiliulatct b.\ ie doolr. ( )thu'r i tnom ntc is recorded wMVhi earied amidcoiipriseud pl 	 isprmarikl t intcs t iiinvestnllls, prceetds troit sales of fixed assetsaild supplies, tllllslatioll gails aid losses,.;and ol Idillistralive costs of special
li icets. 

c. 	 [xpe illit ires -
I:irmi otdls hr l hrlchtases fixedof assets aind scleices ateIrcoitded in tile y'eartheir con ittitml. Am )eccinbr 31. 

if
lSS the aiount recorded under Ihis praclice

titlalled S92.7411 (30u4,1(110 ill1987). 
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[Expenditures made by international programs are recorded oii tie basis of advices 
received. Expenses related to special projects are applied when incurred against tlhe 
respective income. 

d. 	 ini'estilents -
Shlort-term investmcnts are principally compri sed of certificates of deposit bearing 
interest at current bank rates anid ite valued at cost. 

e. 	 Inventories it laboratory :;tn( other supplies --
Iventories ot laboratory, supplies and other materials are valued at estimated mar
ket value, . ict alpproximatesh cost. 

f. 	 Fixed assets --
Fixed assets arc stated at cost. Additiois to0 fixed assets are recorded as grant 
exlpendittrLs and cost otf replacemients are reported as operating expenses itt tie 
StateCIleil tf IelltliC, Cxletdilties aid ClllgeS itt fund blances anid added to the 
related equity account. Utpotn the sale or retirement of fixed assets, thcir cost is 
retlIoVed fI0111 tile fixed asset alld rlatIed eqI ity accotUlltS. Fixed assets are 1iot 
deprecialted. 

Mainlten aitcc aid repairs are recorled as operating costs in tie year incurred. 

g. 	Vacations --

Elliployee vacation expenses ate charged to operating expenses wheit they are 
taken. 

hi. 	 Prwision Itr severance indelmnities -

Peru vian eiilphyces' severance itldelinitles are accounilted for ol tin accrtaI basis 
and are calculaItci in accordance with cttrrenl legal dispositions. The amount 
accrued represents tie ;,ontu itt that woulid have to be paid to tile employees if they 
were to terllillate istof :Ldate of the financial statclleits. 

3. 	 Loans to executives and employees and long-term debt 

('11) provites lans to ccrtain t' its executives for tile acquisition of Ionles and/or vehi
cles. these ]o;its arc fitrdetd by a tern loon front ('itibank N.A. - New York and in 
certain ilSIaICC, Nsith( Clt'S own funds. At I)eetbcr 31, 1988, outstanding loans 
obtained from C'itibank N.A. anotint to 157,41)9 (265,753 in 1987), and bear interest a: 
the New York prime rate plus 1.51; and are repayable in itontl installments until 
June 19i. 

Ioan balances with executives and emplyces at D)ecctibcr 31. are as fiIlows: 

1988 1987
 

I.oani fundedI line oitcredit of'C'itibank N.A.. 
secutred by related iiiies anld/ tr vehicles, rcpav

able tilder t tile samc cotntdiliots Is alvatnces 
under the tcri loan at no direct cost t ('11) 157,4109 265,753 

ILtais funded hy ('11). repayahle over a tne-til three

year periott, hearing interest (as froi 1988) of I 1.5 :( 
per ain li aitid siCCUrCI 11V pI)iee("lit tnes 35.107 26,158 

192.516 2t)1.91 I 
ILess cutrrent pirtiot (118,314) (I 15,360) 

74,212 176,545
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In addition, at December 31, amounts outstanding under the term loan from Citib.:nk 
N.A. are as follows: 

1988 1987
 

Curret portion (Note 6) 102,172 98,244
 
Non-current portion (maturing 1989-1990) 55,237 167,509
 

157,409 265,753 

These amounts are guaranteed by a position of a deposit of 203,578 (275,000 in 1987) 
in the aforementioned financial insti.ution, which earns interst at 8% per annum 
(6.3% in 1987). 

4. Accounts receivable - Other 

This balance is comprised ol the following at December 31: 

1988 1987 

Advances to organizations for research work 264,150 248,679
 
Travel advances 72,399 46,809
 
Advances to contractors and other 13,267 8,014
 
Otnef 46,280 48,717
 

496,096 352,219 

5. Fixed as,;ets 

Fixed assets at December 31, comprise the following: 

1988 1987 
Buildings and constructions 3,709,009 3,001,705
 
Re,.earch equipment 1,779,833 1,567,297
 
Vehicles and aircraft 4,828,323 2,313,207
 
Furniture, fixtures and office eqdipment 1,330,152 1,220,813
 
Operating fairm equipment 546,887 456,782
 
Installations i ,654,79 1 1,373,237
 
Site development 783,671 776,706
 
Communications equip'nent and othet :)81,217 561,250
 
Construction in progress 21.461 84,945
 

15,235,347 11,355,942 

Vehicles and other fixed assets replaced or retired are transferred from the fixed asset 
and related equity accounts to a memorandum account. Fixed assets sold or donated 
are eliminated from the memorandum account. The balance of the memorandum 

taccount a l)ecember 31, 198 is 817,010 (699,891 in 1987). 

6. Bank oueidrafts .--.d current portion of long-term debt 

At December 31. this oalance is comprised of the following: 

1988 1987 
Bank overdrafts 38,028 185,109
 
Current portion of long-term debt (Note 3) 102,172 98,244
 

140,200 283,353 
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CIF' has various credit lines and loan ar'angements with Citibank N.A. totalling 525,00 
(680,0(H) in 1987), which bear interest at the New York prime rate plus 1.5%. As of 
December 31, 1988, unused amounts under these credit facilities totalled 300,00() 
(4(X),000 in 1987). 

7. Grants pledged 

During 1988 the following donations were pledged to CIP for special projects in 1989 
through 1992: 

1989 1990 1991 1992 

International Development 
Research Centre - Canada 146,600 - - -

Swiss l)evelopment Cooperation 
and Humanitarian Aid 731,258 660,692 653,746 528,730 

United States Agency for 
International Development 345,975 404,875 22,500 -

Netherlands Government 71,955 108,556 - -

Pepsico Food International/ 
McDonald's Corporation 50,000 - - -

Belgian Government 435,120 - - -

Germa Agency for Technical 
Cooperation - BBA 17,900) 28,2(10 - -

Food Industry Crusade 
Against Hunger 9(0,000 - - -

1,888,808 1,202,323 676,246 528,730 

The above amiounts are not reflected in the accompanying financial statements. 
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The CIAR:CIATrhe CGIAR: International Center for Tropical 

I Agriculture
A Global Agricultural Cal, Colombia

Research Svstem CIMMYT
 

International Maize and Wheat 
Improvement Center 
Mexico City, MexicoT 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 

objec- Aleppo, Syriacultural research centers. The basic 

tive of this effort is to increase the quantity ICRISAT 
and improve the quality of food production International Crops Research" Institute for the Semi-Arid Tropics 
in developing countries. The research sup- Hyderabad, India 
ported by the CGIAR concentrates on the Hya 
critical aspects of food production it] International Institute of Tropical 
developing countries, of global importance. Agriculture 
that are not covered V.dcquately 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. I Addis Ababa, Ethiopia 

The CGIAR consists of over 40 donor ILRAD 
organizations. They meet twice a year to International Laboratory for 
consider program and budget proposals as Research on Animal Diseases 

well as policy issues of the 13 international Nairobi, Kenya 

agricultural research institutes supported by IRRI 
the group. The World Bank provides the International Rice Research 

CGIAR with its chairman and secretariat, Initute 
while the Food and Agriculture Organiza- Mani, Philippines 

(FAO) of the United Nations provides West Africa Rice Developmenttion 
a separate secretariat for the group's Tech- 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 ('GIAR on needs, priorities, Genetic Resources 
and opportunities for research. Rome, Italy 

Of the thirteen centers, t, I have IFPRI 
comnmodity-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 worlds total food supply. The ISNARInternational 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. L 
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