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Resume 

L' interet des sciences sociales pour la recherche agronomique est nouveau, et les etudes 
produ ites ne sont pas reconnues au me me titre, par exemple, que cel les des b iologistes. De 
1977 a 1980, le Centre internat ional de la pomme de terre (C l P) a mis en oeuvre un programme 
de recherche pluridisciplinaire sur la fe rm e, da ns la va l lee du Man taro, sur les hautes-terres du 
Perou, associant an th ropologues, economistes, socio logues, phytophysio logistes, agro nomes, 
patho log istes et entomologistes. Le progra mme visa i t a: 1° se nsibi liser le Cl Pet les sc ienti fi qu es 
des progra mmes nati o naux a la va leur de la recherche sur la fer me me me; 2° cree r et tes ter sur 
le terra in des methodes de recherche sur la pomme de terre, et 3° former les effectifs des 
programmes nat ionaux aux techniques de recherche su r la ferme. Cette monographi e expose 
bri evement les experi ences reali sees dans la va ll ee du Mantaro et l es resultats obtenus. 

Resumen 

Los cientfficos social es estan rec ien ll egados a los programas de investigaci6n agrfco la y la 
mayorfa de instituc iones consideran su trabajo como de importancia secundaria en relac i6n con el 
de los cientfficos de la biologfa. Sin embargo, de 1977- 1980, el Centro Internac ional de la Papa 
(CIP) llev6 a cabo un programa de investigaci6n interdi sc iplinaria a ni ve l de finca en el Va lle del 
M an taro en la sierra Peruana , en el cual parti ciparon antrop61ogos y entom61ogos. El programa ten fa 
tres objeti vos centrales: (1) sensib ili za r al CIP y a los cientfficos del programa nac ional respecto de la 
investigac i6n en fincas , (2) desarrollar y probar en el campo de procedimientos para la investigac ion 
en fincas con papa, y (3) capac itar personal de programa nacional en el empleo de las tecn icas de 
investi gaci6n en fincas. Esta monograffa ofrece un resumen de la experiencia y resultados del 
Proyec to del Val le del Mantaro. 
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Foreword 

In September 1977, the In ternat ional Development Research Centre 
(IDRC) approved a grant fro m its Social Sciences Division to enable th e 
Socioeconomics Unit o f th e Internation al Potato Center (CIP) to undertake 
a program of resea rch on th e agroeconomic const raints to potato produc­
ti on and postharvest techno logy . Th e resea rch project was ca rri ed out in the 
Mantaro Valley of Peru. Th e research team included economists, anthro­
pologists, and socio logists wo rki ng in co ll aborati on w ith their bi ologi cal 
and agricultura l engineering co ll eagues. 

At th e time th e project began , there were few social sc ient ists, most of 
these economists, working as reg ular staff of the International Agri cultural 
Resea rch Centres (IARCs), of which CIP is o ne. Much of the research ca rri ed 
out by these social sc ientists was ancillary to th e work of those IA RCs, 
whose primary objective is to conduct resea rch and deve lop techn ology to 
improve the product iv ity of the particular agri cultural commodities cov­
ered by their respectiv e mandates. Th e resea rch program at CIP, th erefo re, 
was most unusual with respect to th e central role given to socia l sc ienti sts on 
the research team . Th e tea m 's goal to identify exist ing tech nol og ies being 
used by potato farmers and fa rmin g systems that could serve as the basis for 
technological innovat io ns and, hence, productiv ity improvements was 
largel y achi eved . 

Alt ho ugh fa rmin g syste ms resea rch in corporating agricultura l 
econom ists into interdisci plinary research teams for technological 
deve lopment is now more common , th ey st ill include few other social 
scienti sts. A key element in Cl P' s approach and the successes of the project 
was th e ro le pla yed by anthropologis ts and soc io logists on th e resea rch 
teams. 

Thi s monograph focuses o n the approach adopted by CIP for using social 
sc ient ists on agr icultural resea rch tea ms. Th e effect iveness of th e approach 
and th e diffi culties and de lays in inst itut iona li zing interd isciplinary 
collaboration between social and b io log ica l sc ientists sho uld be of major 
interest to resea rchers, ad ministra tors, and funding agencies of both inter­
natio nal and natio nal ag ri cultural resea rch cen tres. 

David W. Steedman 
Director 

Social Sciences Di vision 
International Deve lopment Resea rch Centre 
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Summary 

From 1977-1980, the International Potato Center (CIP) implemented a 
program of interd isc iplinary fa rm-level research in th e Mantaro Valley of 
hi ghland Peru . Anthropologists , economists , socio logists, plant 
ph ysio logists, agronomists, pathologists, and entomologists were involved. 
Th e three main objecti ves of the program we re to (1) sensiti ze CIP and 
nationa l-program scientists to the va lue of on-fa rm research, (2) develop 
and field test procedures for on-farm research with potatoes, and (3) train 
national-program personnel in the use of o n-fa rm research techniques. 

This monograph presents a sum mary of the experien ces and results of the 
Mantaro Valley Project. On-farm research is now embraced by CIP's 
management and working scientists as an integral part of the instituti on's 
research and technology-transfer system. A range of survey and experi­
mental techniques for on-farm resea rch were developed and are now rou­
tinely employed in Cl P's programs. During the project's implementation, a 
number of developing-country professionals were trained and si nce then a 
rapidly growing number of training act ivities conducted by CIP, national 
resea rch organizations, and intern ational agencies have adopted the philo­
sophy and procedures of interdisciplinary, fa rm -level research that were 
developed under the project. 

The major findings of the project ca n be grouped under two headings : 
empirical research resu lts and methodological lessons. 

Empirical Research Results 
Literature o n potato p roduct ion and use in developing cou ntries is 

scarce. The Mantaro Va lley Project generated a large body of new knowl­
edge on the socioeconomic and technological aspects of Andean potato 
agriculture. Much of thi s is embod ied in the publi cations li sted in the 
Appendix. Six major empi ri cal findings are high lighted in this report. 

(1) Ecology and farm type influence the technological requirements of 
farmers. Th e project documented graphi cal ly how eco logy and farm type 
influence farming systems and the technological needs of potato farmers . It 
also illustrated how taking these factors into account ca n signifi ca ntl y 
improve the effectiveness of agricu ltural research and development efforts. 

(2) Small-scale farmers are open to change and new technologies. Small­
sca le farmers are often viewed by poli cymakers and tech no logists as being 
isolated from markets and pass ive or resistant to change. This view was 
found to have li ttle val idity in the area under stud y. On the contrary, most 
small-scale farmers were found to be we ll integrated into input and product 
markets and eager to adopt new farming p ract ices if they offered clear 
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adva ntages ove r their current practi ces. 

(3) Farm ers rare ly adopt complete techno logica l packages. Most ag ri cu l­
tural-development projects are based on th e assum ption that a large poo l of 
super io r technology ex ists that ca n be readi ly transferred to needy farmers 
in well-des igned technological packages. Thi s techno logica l-package 
approach to ag ri cu ltural extensio n was found to be inadequate, however, 
for two major reasons. First, the packages tested did not perform we ll , 
neither agronom ica ll y nor economica ll y, beca use some costly eleme nts of 
the packages (e.g., improved seed) did not perfo rm as expected. Second, 
very few farmers "adopted " the technological packages. Instead, most 
farmers inco rpo rated o ne or more of the component techno logies into 
their ex ist ing cropp ing system, ofte n " adapting" the compone nts to fit their 
parti cular needs. 

(4) Farm ers' techno logies are, in many cases, equal or superior to recom­
mended practices. Most production speciali sts assume that " tradit ional " 
product ion systems are character ized by low yie lds and economic in effi ­
ciencies that can be overcome if fa rmers adopt recommended practices. In 
the Mantaro Va ll ey Project, poor-qua li ty seed was considered to be th e 
major yie ld constra in t. It was believed, therefore, that the use o f " improved 
seed" would be h igh ly profitab le. Resea rch showed, however, that th e seed 
availab le from registered seed prod ucers was very costly and yie lded litt le 
more than th at commonly used by th e farm ers. Hence, use of improved 
seed redu ced the farmers' net return. Two factors accounted for this 
surpris ing result. First, farmers successfull y use numerous strategies to 
obtain and maintain good -quali ty seed. Thus, the seed avai lable throu gh 
the far mers' in forma l seed system is better than production specialists 
previous ly assu med . Second , the improved seed, prod uced and d istr ibuted 
through a formal government-regulated syste m, is not as good as it had 
been assumed to be. 

(5) Technical knowledge is ava ilab le to so lve man y farme rs ' problems. 
Based o n th e poor performance of the techno log ica l packages, it shou ld not 
be concluded that the technology to so lve farme rs' problems is not ava il­
able. On th e contrary, one of the most pos itive results of the project was the 
finding that seed-potato storage ca n be improved through the appli cat io n 
of the we ll -k now n principl es of seed-tuber ph ysiology. Careful problem 
identification and o n-farm testing, invo lving t he active pa rti cipat ion of 
farmers, led to practical application of improved , low-cost sto rage tech­
no logies in Mantaro Valley. Further use of the same farmer-oriented 
approach led to w idespread app licat ion of the same principles elsewhere in 
Peru, the Phi li ppi nes, Sri Lanka, Co lombia , and Guate mala. It is fe lt that the 
success achieved w ith seed storage was not a mere stroke of luck but the 
result of successful interdiscip linary tea mwork that would be repea ted in 
many other areas. 

(6) Techno logy ca nnot be "t ransferred," but must be adapted to loca l 
conditions. It was found that little technology could be " transferred " to 
Manta ro Va ll ey fa rm ers w ithout subject ing it to local refinement thro ugh 
adaptive research. Few farmers " adopted " the technology as prese nted to 
them in recommendations or prototypes; instead, they se lected and 
"adapted " techno log ies to fit the ir specific needs and resource endow­
ments. Resea rchers in the project lea rn ed much from farmers' creat ive 
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adaptations . Hence, it is concluded that agricu ltural research and develop­
ment models involving active farmer participation are more likely to be 
successful than those based on the " top-down " or " technology-transfer" 
approach. 

Methodological Lessons 

The methodo logica l lessons lea rn ed from the Mantaro Valley Project, 
which have had a substantial impact o n Cl P's research program and reg ional 
networks, are summa ri zed as follows. 

(1 ) Interdisciplinary on-farm research requires fl exibility and adequate 
resources. The on-farm research was more difficult and cost ly than 
originally anticipated for two principa l reasons: (a) the disciplinary boun­
daries sepa ratin g natural and socia l scientists (as well as sc ient ists within 
these two groups) and (b) the logistical problems associated with conduct­
ing farm surveys and experiments in highland Peru. 

Barriers between scie ntifi c discip lines, rooted in academic specialization, 
often make interdi sc ip linary teamwork more d ifficu lt and subject to conflict 
for professionals than work conducted among professionals within the 
same discipline. In the Mantaro Va ll ey Project, it was found that the use of 
specialized professional jargon hampered communication across 
disciplines and often led to appa rent differences of opinion when, in fact, 
little substantive disagreement ex isted. The professional incentives of team 
members also posed obstacles to the establishment of com mon goals and 
conceptual frameworks. Thi s was especial ly the case with young profes­
sionals who were conducting thesis research (the fina l product of which had 
to meet the approval of a university committee, with its narrow disciplinary 
criteria of scientifi c exce ll ence) or who wanted to pub li sh articles in 
prestigious scientific journals. A th ird problem involved the degree of 
mutual respect and joint decision-making w ithin the project teams. When­
ever decisions made by members of one d isc ipline were im posed on 
members of another discipline, resentments built up that threatened 
morale and productivity. Thus, exper ience indicates that productive inter­
disciplinary teamwork required specia l efforts to (a) communicate clearl y 
and (b) provide team members with enough freedom to pursue their own 
professional interests and , at the same time, promote joint decision-making 
and responsibility to achieve the fina l product of the resea rch effort. 

Transportation and logistical req uirements make on-farm research costly 
in terms of operating cap ital. Th e mix of resources needed for on-farm 
research is radically different from that required for convent iona l 
laboratory or experimenta l station based agricu ltural research. It requires 
little on-station capita l, which most agricultural research institutes have, but 
requ ires funds for operating vehicles, per diems, and hiring temporary per­
sonnel , which many institutes do not have or have not allocated for this 
purpose. 

(2) On-farm research has far-rea ching benefits. The long-term institu­
tional benefits of the Mantaro Valley Project fa r exceeded init ial expecta­
tions. In the project, on-farm research was used to ach ieve three distinct 
goals: (a) the ex post eva luation of technology, (b) to facilitate the transfe r of 
techno logy, and (c) to develop new techno logy. Conceptua l and pro-
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cedu ral innovations were made in each of these areas. Perhaps th e most 
important achievement of the project, however, was to demonstrate how 
social scientists ca n contribute not on ly to the transfer and ex post eva lu ­
at ion of tech no logy but also to the des ign of new technology. The success ful 
deve lopme nt and diffusion of low-cost seed-storage technology led to the 
form ulat ion of the " farmer-back-to-farmer" model for ge neratin g and 
transferri ng agricultural techno logy. Thi s mode l is now being applied in 
other areas of CIP's resea rch program, such as the development of tech­
no logy for farmer use of tru e potato seed. 

(3) Info rmal surveys and simple on-farm tria ls have many adva ntages. 
When confronted wit h a need for information o n farming practices, re­
searchers have a st ron g urge to apply fo rmal questionnaire-type surveys. 
When technologies are to be tested on fa rm s, researchers genera ll y opt for 
comp lex, repli ca ted field trials. Experi ence, however, has pointed o ut 
severa l advantages of informal surveys and simple, unreplicated trial s. 

An informal survey or sondeo (sounding) ca rri ed out by an interdisci­
plinary team ensures th at resea rchers of different disciplines ga in perso nal 
fami li arity with th e area and problem un der study. Th is is ge nera ll y not th e 
case when formal questionnaire- type surveys are used. Questionnaires are 
often designed in offices by people who have littl e kn owledge of the area to 
be surveyed or th e probl em under study. Responsibility fo r planning and 
executing question naire-type surveys is often ass igned to socia l scienti sts. 
Although bi o log ists may have some limited input in to the des ign of the 
question nai re, th ey se ldom participate in the fieldwork . As a result, qu es­
tionnaires are seldom successful in obta in ing relevant or sufficientl y precise 
technica l info rmation for pinpo inting product ion problems. A lso, resul ts of 

Layout of an on-farm trial in the intermediat e zone. 
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questionnaire-type su rveys often take many months, or years, t~ analyze 
and publish. Applied research programs can se ldom affo rd such delays. 

An advantage of an informal survey that is se ldom appreciated is that the 
interaction of those researchers carryi ng out the survey initiates and helps 
consolidate a spirit of cooperation among the scient ists from different dis­
ciplines and with the farmers. This cooperation, in turn, is beneficial in 
terms of overall research productivity. 

The current project also illustrated the value of well-planned but simple 
on-farm trials. Complex trials are extremely management intensive and are 
generally beyond the capacity of most sma ll-sca le farmers. They may also be 
beyond the capacity of many research teams, particularly those just entering 
into on-farm research. Therefore , a research team can handle fewer com­
plex trials than simple ones . In many cases, a larger number of simple trials 
provides the team with more, and better quality, information on farming 
problems and the performance of technologies than a sma ll number of 
complex trials. A second, and very important, reason to opt for simple trials 
is that it allows researchers to estab lish a useful dialogue with farmers 
concerning th e pros and cons of the technologies being tested. 

(4) Anthropologists and sociologists can play useful roles in agricultural 
research. All agricultural research institutes employ biologists, most now 
employ economists, but very few employ anthropologists or other sociol­
ogists. It is generally assumed that on-farm research requires the participa­
tion of biological scientists and economists but that anthropo logists and 
sociologists are needed only under specia l conditions . In the Mantaro 
Valley Project, anthropologists and sociologists proved to be extremely 
effective in delimiting agroecological zones, classifying farm types, apprais­
ing the socioeconomic viability of alternative technologies, and conceptu­
alizing new approaches to research and training. It is concluded , therefore, 
that an individual 's success in applied , interdisciplinary agricultural 
research rests primarily on his or her flexibility and willingness to adapt 
methods to the technological / on-farm cha llenge at hand . 

(5) Many results can be extrapolated. A com mon argument against farm­
level research , especially at the International Agricultural Research Centres 
(IARCs) , is that results are location specific and ca nnot be extrapolated to 
other areas. On the basis of this reasoning, on-fa rm resea rch should be in 
the domain of national programs and the IARCs should limit their involve­
ment to training and backstopping (p referab ly through special funding) . 
Th e experience of the Mantaro Valley Project does not support this view. 
On the contrary, the prin cipa l research results and methodological lessons 
of the project have proven to be va lid over a very wide range of developing­
country conditions, e.g., the problems related to " improved seed " encoun­
tered in Mantaro Valley are com mon elsewhere; the so lution to these 
problems - designing new systems based on farmers' existing channels -
offers great promise. The low-cost storage technologies developed with 
Mantaro Valley farmers have proven to be successful in many other areas. 
The simple farm-survey and experimental procedures used have also been 
applied successfully by several national programs. 

Technologies must ultimately be adapted to specific locations. For this 
reason, on-farm research is advocated as a diagnost ic tool but not one 
appropriate for designing new croppin g systems or determining optimal 
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input leve ls. Testi ng new tec hn o logical packages and cropping sys te ms ca n 
play a useful ro le in a farming-systems program, but grea te r attention 
should be paid to identifying and so lving key problems rathe r than 
attempti ng to change the whole system . 
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I. INTRODUCTION 

Street vendors selling potatoes and other Andean tube rs in Huancayo. 
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In the wake of the widely publicized release and spread of high-yielding 
varieties of wheat and ri ce in the 1960s, agricultural resea rch and tech­
nology transfer moved centre stage in the international community's 
campaign against hunger and poverty in the Third World . Through the joint 
sponsorship of the Food and Agriculture Organization of the United 
Nations (FAO }, World Bank, and Un ited Nations Development Programme 
(UN DP) , a network of International Agricultural Research Centres (IARCs) 
was estab lished to develop and transfer improved technology for food 
crops and livestock. This network, coordinated by the Consultative Group 
on International Agricultural Research (CG IAR}, now includes ten 
commod ity-oriented centres that conduct multidisciplinary research on 
crops and livestock, which account for three-quarters of the total food 
supply of the developing countries. Three other CGIAR institutes are re­
sponsible for aspects of pl ant genetic resources, food poli cy, and assistance 
to national agricultural research programs (Tab le 1). Following the example 
of the IARCs, severa l national programs now organize their research 
programs along com modity, rather than disciplinary, lines (CGIAR 1980; 
IADS 1982). 

Tabl e 1. International Agricultural Research Centres (IARCs) . 

Institute Yea r of Locat io n of Prin cipal commod iti es 
with in CGIAR" es tablishment headquarters or programs 

IRRI 1960 Philippines Rice 
Cl MM YT 1966 Mexico Wh eat, mai ze 
llTA 1966 igeria Gra ins, legumes, roots and 

tubers, systems 
CIAT 1968 Colombia Cassava, beans, beef catt le and 

pastures 
WA RDA 1971 Liberia Rice 
CIP 1971 Peru Potatoes 
ICRISAT 1972 Ind ia Sorghum, millet , dry-land 

systems 
IBPGR 1974 Italy Geneti c materials 
ILRAD 1974 Kenya Se lected anima l diseases 
ILCA 1974 Ethiopia Lives tock production systems 
IFPRI 1975 Un ited States Food poli cy 
I CARDA 1976 Syria Mixed animal-crop produ ction 

sys tems 
IS AR 1980 Netherlands Strengthening national 

agri cultural research systems 

" IRRI : International Ri ce Res earch Institute. CIMMYT: International Centre for the Improvement of 
Maize and Wh ea t . llTA : Internati onal In stitute o f Tropi ca l Agri culture. CIAT: Internat ional Centre for 
Tropical Agriculture. WARDA : West Africa Ri ce Deve lopment Association . CIP: Intern ationa l Potato 
Center. ICRISAT: Internat ional Crops Research Institute for the Semi-Arid Tropics. IBPGR: International 
Board for Plant Genetic Resources. ILRAD: International Laboratory for Research on Animal Diseases. ILCA : 
International Livestock Centre for Afri ca. IFPRI : Internat ional Food Poli cy Research Institute. I CARDA: 
International Centre fo r Agricultural Research. IS AR: Int ernational Service for National Agricultural 
Research. 
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Social scientists are latecomers to agricultural research programs and in 
most institutes their work is considered to be of secondary importance rela­
tive to that of biological scientists. When Vernon Ruttan joined the staff of 
the International Rice Research Institute (IRRI) in 1963, he was the first 
economist in what has become the CGIAR-sponsored comp lex of IARCs 
(Ruttan 1982). Over the years, Ruttan and his successors developed an 
Agricu ltu ral Economics Department that has carried out a substantia l 
amount of high-quality research and has served as a model for other 
agricultural research institutes (World Bank 1973). In other CGIAR­
sponsored centres and most national research institutes, however, agricu l­
tural economics came later and, with some important exceptions (e.g. , 
lnternatioal Centre for the Improvement of Maize and Wheat (CIMMYT), 
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 
and lnstituto de Ciencia y Technologla Agrlcolas (ICT A)) , has been less 
successfully integrated into the overall research program . 

All but one of the IARCs (i.e., International Laboratory for Research on 
Animal Diseases (ILRAD)) and most national research institutes now employ 
economists, but few have anthropologists or rural sociologists on their staff . 
Van Dusseldorp (1977) has estimated that for every thousand scientists in 
agricultural research centres only one is a permanently assigned sociologist 
or cultura l anthropologist. 

Economists and other social scientists have played a number of roles in 
the IARCs. The available literature indicates that most have chosen or been 
assigned to (1) conduct ex post studies on farmer adoption and the impact of 
new technologies (e .g., Colmenares 1975; Demir 1976; Gafsi 1976; Gerhart 
1975; Vyas 1975; Winkelmann 1976a; IRRI 1978), (2) investigate the factors 
responsible for continuing low farm yields (e.g., IRRI 1978), or (3) work at 
the national level in projects designed to facilitate the transfer of technology 
or intensify local farming systems (e.g., Perrin et al. 1976; Byerlee et al. 1980, 
1982). 

In agricultural research institutes, few social scientists work directly with 
biological scientists in the development of new technologies (IRRI 1982). 
CIP represents an exception to this general rule by actively involving an­
thropo logists, economists, and sociologists in technology development. 
The integration of CIP's biological and socia l scientists in problem-solving 
teams received its major impetus from experiences gained in the Mantaro 
Valley Project. 

When the project began in 1977, little had been published on the role of 
social scientists in agricultural research programs or in agroeconomic, on­
farm , or farming-systems resea rch . The Puebla and Caqueza projects had 
been conducted (Winkelmann 1976a; Zandstra et al. 1979) and multi­
discip linary, farm-level research was under way at IRRI , CIMMYT, the 
International Centre for Tropi ca l Agriculture ( CIAT) , and a few other IARCs 
and in national research programs (e.g., those of Bangladesh, Colombia, 
Guatemala, and Mexico). Relatively few publications appeared, however, 
on the concepts, methods, or results of this work. 1 CIP had only recently 
been established and at the time had generated little techno logy that was 

' Rath er than present a literature review of farming-systems resea rch and the ex peri ences 
ga ined in the Puebl a and Caq ueza projects, the interested read er is referred to Casement et al. 
(1982), Gilbert et al. (1980), Norman et al. (1981) , Shaner et al. (1982), and Wh yte (1981) for add i­
tio nal informatio n. 
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ready for farm-level testing ; hence, the ex post " constraints" model devel ­
oped by IRRI for measuring the gap between potential and actual farm 
yie lds was not app li ca ble. In addit ion , in sharp contrast to the situation for 
cerea l grains, the re was very little socioeconomic literature on potato 
production and use in developing coun tries. 

The Mantaro Va ll ey Project, however, generated a substantia l body of 
information on potato production and utilization in the Central Andes. 
Research results cast new light on four concepts that were basic to CIP's 
program and many ot her agricultura l research and development programs: 
the concept of the small-scale farmer; the technological-package 
approach; the concept of improved seed; and th e concept of technology 
transfer. Successful development and farmer adopt ion of low-cost storage 
technology also demonstrated how early and continuous social science 
input ca n improve the effectiveness of resea rch and technology-transfer 
programs. 

Until recently, few people outside CIP knew of the Mantaro Valley Proj­
ect. This was illustrated by the fact that an authoritative review of farming­
systems research at th e IA RCs stated that CIP was the only crop-improve ­
ment ce ntre in the network that was not cond uct ing any farmi ng-systems 
research (CGIAR 1978). 

This monograph presents a synthesis of the goals, implementati on, and 
major resu lts of the Mantaro Va ll ey Project. Chapter II sketches the 
institutional sett ing and conditions that gave rise to the project; chapter Ill 
outlines the project's objectives and some aspects of its implementation; 
and chapter IV presents a brief overview of its accomplishments . Chapters 
IV and V present empirica l research find ings and methodologica l lessons 
that are of relevance to social science invo lveme nt in agricultu ral resea rch 
and deve lopment programs. A list of publications, research reports, and 
training documents ema nating from the project is presented in an Appendix. 
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II. SETTING 

Typica l farm on th e steep slopes of the intermediate zone. 
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International Potato Center 

The In ternat iona l Potato Center (Centro In te rn acional de la Papa (CIP)) is 
one o f the 13 ce ntres spo nso red by the Co nsul ta ti ve Gro up on Internati o nal 
Ag ricultural Resea rch (CG IA R). Th e goal of th e centres is to deve lop im­
proved agricultural techno logy that will increase food producti on and 
im prove th e welfare o f poor people in developing countries. 

CIP is a sin gle-crop institute, w ith all activiti es focused o n expanding th e 
use o f th e tuber-bearin g species o f Solanum in deve loping countries. Th e 
cent re was es tab lished in 1971 through an agreement with the governm ent 
of Peru . Th e first fundin g, through CGI A R, was received in 1972. 

CIP's two basic objec ti ves are to increase th e pota to 's yie lding ability, 
stabi lity, and eff iciency o f prod uction in areas w here it is now be ing grow n 
and increase the potato's adaptability, enabling it to be grown more ex ten­
sive ly in th e cold high reg io ns and hot, humid low regions of th e tropi cs 
(Sawyer 1982). Research ai ms to develop potential new vari eti es, seed 
prod ucti o n and d istributi o n systems, ag ron o mic and pest- contro l mea­
sures, and posth arves t techno logy that are appropri ate fo r developing­
country condition s. 

Th e centre's two principal o rga ni za tion al com ponents are th e Source 
Resea rch and Reg ional Resea rch and Training p rog rams (Fig. 1). Personnel 
and o th er resources o f th e So urce Resea rch Program are budgeted fo r and 
managed within th e framework o f fi ve departments: breedi ng and geneti cs, 
nemato logy and entomo logy, pa thol ogy, ph ys io logy, and taxonomy. Th e 
basic units o f source resea rch are 67 resea rch projects, which are grouped 
within 10 problem-oriented thru sts: 2 (1) main tenance and utili zat io n of 
unexplo ited geneti c resources; (2) production and di str ibut ion of adva nced 
breeding materi al; (3) resea rch on bacterial and fun ga l di seases; (4) potato 
virus research ; (5) integrated pes t management; (6) hot cl imate potato 
production ; (7) coo l climate potato producti o n; (8) postharvest techno l­
ogy; (9) seed technology ; and (10) potatoes in deve lopi ng-country food 
systems. 

CIP has fo ur principal resea rch sites in Peru (Fig. 2) . Th ese loca ti ons have 
grow ing conditi o ns th at are sim ilar to those fo und in actua l and potential 
potato-prod uci ng zones in ma ny o ther developin g areas (Rh oades 1982). 

From its incept io n, CIP developed a regional network fo r adapt ive re­
sea rch, di stributi o n o f techno logy to surroun ding cou ntries, and train ing. 
During its fo rm ati ve yea rs, the Regional Resea rch and Tra in ing Program 
concentrated p rim aril y o n deve lopment of regio nal bases and accumu la­
ti o n of know ledge about coun try interes ts, needs, and oppo rtuni t ies fo r 
po tato improvement. Em phasis was pl aced on helping nati onal programs 

2Thrusts 1-9 were es tablished in 1973. In 1983, in response to C IP's secon d quinquennial 
review, th e problem areas cove red by these thrusts were modif ied somewhat and thrust 10 was 
created. 
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Departments 

Taxonomy 

Breeding and Genet ics 

Patho logy 

Nematology/Entomology 

Physiology 

Thrusts 

1 Collect • Maintain • Use Gene Poo l 

Produce • Distribute Advanced Clones 

~ Control Bacteria l • Fungal Diseases 

4 Control Vi ra l Di seases 

5. Integrated Pest Managemen t 

6 Hot Climate Potato Production 

7 Cool Climate Potato Production 

8 Postharvest Technology 

9 Seed Technology 

10 Potatoes in Food Systems 

Fig. 1. CIP's organizational components. 

Regional 
Tec hnologies Research 

Training & 
Communications 

identify key resea rch pri orities and conduct production tra ining using 
known technology . Graduall y, th e emphasis has sh ifted towa rd conducting 
more research at regional sites, in co ll aborat ion with nat ional programs. In 
1980, a position was created to coo rdinate research in the regions with that 
at headquarters and contract resea rch sites. Thu s, each reg ional team now 
submits a yea rl y work plan that is di scussed with the source research sc ien­
tists in Lima during th e annual progra m rev iew. Presently, 77 regional re­
sea rch pro jects are being implemented. 

At present, seve n reg ional offices (Fig. 3) are responsible for multipli ca­
tion and distribution of genetic materi al, testing and adaptive research, and 
training. Regional act ivities aim to strength en potato resea rch and exten­
sio n ca paciti es in developing countries. Reg ional tea ms typica ll y consist of 
o ne or two international scientific staff membe rs supplemented with loca lly 
hired scientifi c and support personnel. One international sc ientist in each 
region is permanently funded ; th e others are supported by postdocto ra l 
fellowships or special project funds. As more appropriate technologies 
become available and country-prog ram demands on CIP se rvices increase, 
reg ional staffing might also increase slightly . The scientists based at head­
quarters travel extensive ly in the reg ions and those sc ientists working on 
pri o rity technologies are occasionall y deployed to regio nal locat ions for 
extended periods of time to work closely w ith national programs in loca l 
test ing and dissemination of results. 

Social Sciences at CIP 

CIP's social science program dates from late 1973, whe n economist 
Mi chael Twomey was ass igned to th e Outreach Program .3 Over time , priori­
ties for the social sc iences have gradually shifted from support activiti es to 
research . In addition , th e program has broadened its di sci plinary base from 
agricu ltural economics to include anthropology, rural sociology, nutr ition , 
and agronom y. These shifts in priorit ies and disciplinary mix , w hi ch were 
end orsed by Pl an ning Conferences in 1977, 1978, and 1981 (CIP1977, 1980, 

31n line with a Pl anning Conference recommendati on (C IP 1976), what was o ri ginall y co n­
ceived of as an Outreach Program evolved into the present Reg ional Resea rch and Training 
Program. 
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Characteristics Canete 

Ecological zone Arid coast 

farming system type Irrigated commercial 

Principal crops or Cotton. potatoes. maize 
c rop types 

Method of land Plow cul t1va11on 
preparation 

Manuring o r use of Intensive 
chemicals 

Cropping pattern Monocrop 

Backyard garden Well-defined. frequently 
fenced 

Agricultural calendar fixed dates, government 
sociocultural factors regulated 

Social un1t of production Cooperatives. 1nd1v1dual 
households 

Present status of potato Modernized . geared for 
production on farm s export to urban areas 

Mantaro San Ramon 

Tropical highland M1d-elevat1on . humid 
tropics 

Small-scale subm1ence M1xed-sh1ft1ng cul11vat1on 
and tropical estate 
agricu lt ure 

Andean tubers , grams . Coffee . tropical fruet , 
vegetab les cassava, maiz e 

Plow cu l11vat1on Clearmg by fire, no 
tillage . plow cult1vat1011 

on estates 

Intensive l1m1ted on small farms. 
widely used on estates 

Monoc rop lntercroppmg. relay 
planting 

Well defined Dispersed trop1cal 
trees and yard plants 
no fencmg 

foc:ed dates. community Dates highl y variable 
and 1nd1v1d ual decision 1nd1v1dual decision 

lnd1vtdual households Cooperatives. md1v1dual 
ho use holds 

Trad1t1onal technology Experiments by farmers at 
Advanced seed production elevations above 1000 m 

Geared for home con-
sum pt1 o n as supple-
mental vegetable 

Yurimaguas 

5000 
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3000 

Lowland, humid tropics 

Sh1ftmg cult1va t1 on 

Rice. cassava, plantams 

Clearing by fue. no 
tillage, digging stick 

Extremely rare 
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planting 

Dispersed tropical fru11 
trees and yard plants. 
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Dates highl y var1able, 
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onex1stent 

Fig. 2. Cross section o f Central Andes and characteristics of agricultural systems in four Peruvian 
regions (adapted from Rhoades 1982). 
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Fig. 3. Location of CIP regional offices and study areas. PRECODEPA (Regiona l Cooperative Project 
for Potato Development in Central America) and SAPPRAD (South Asian Program for Potato 
Research and Development) are acronyms for country research networks that CIP helped establish 
and works wi th . 

1982a), were conso lidated through implementation of the Mantaro Valley 
Project. 

From 1973-1975, Twomey was the only social sc ientist at CIP. Having no 
research budget, he provided support to the Outreach Program through 
assistance in project development and training. In 1975, Twomey resigned 
and two new socia l scientists joined CIP : eco no mist Douglas Horton and 
anthropologist Robert Werge . In mid-1976, a second econom ist, Anibal 
Monares, joined the staff. Ini tially, Cl P's budget provided for on ly one posi­
tion in economics. Th e second economics position , therefore, was funded 
by a 3-year special project grant from the Inter-American Deve lopment 
Bank (IADB) and the anthropology position was funded by a 2-year Rocke ­
feller Foundation postdoctoral fe ll owship. In 1978, CIP's budget was ex­
panded to provide long-term funding for all three positions . 

In 1975, the Socioeconomic Unit began four activities: (1) bibliographic 
research on the socioeconomic aspects of potato production and use, (2) 
compi lation and analysis of published national-level statistics, (3) a series of 
national- level studies on potatoes in developing countri es, and (4) visits to 
potato-growing areas in Peru. 

These activities led to the publication of bib liographies (Werge 1977; 
Mante and Blodig 1979); statistical compilations (Horton 1978; CIP 1978, 
1982b); and country studies on Chile (Fu 1979), Ecuador (Valderrama and 
Luzuriaga 1980), and Kenya (Durr and Lorenzi 1980). In addition, these stu­
dies provided the empi ri cal basis for the unit to identify three key techno­
logical areas for more intensive, future farm-level research: (1) agronomic 
constraints to potato production , (2) seed-potato systems, and (3) posthar­
vest techno logy. 

These were the three technological areas that appeared most consistently 
in the pr iority listi ng of production problems as perceived by CIP scientists 
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and national-program researchers and exte nsio ni sts. Moreover, bio logical 
scientists felt confident that the tech nology existed to solve these problems. 
In their view, the main obstacles to expa nsion of potato production and use 
were problems of technology transfer and its use by farmers. 

Given this definition of the problems and potential so lutions, members of 
the Social Science Unit perceived an opportunity to learn a great deal about 
the potentials and processes of technological change by studying farmers' 
perceptions of problems, their actua l production strategies, and the perfor­
mance of recommended technologies under ex ist ing farming cond itions. 

It was not possible, at the time, to just ify substantial use of staff time, 
vehicles, and financial resources for what was envisaged as needed farm­
level research in Peru because few CIP scientists or administrators believed 
that farm-leve l studies wou ld contribute signif icantly to achieving the 
centre 's international mandate. Two reasons fo r this skeptic ism become 
apparent. First, most biological scientists believed that information ge ner­
ated from farm-level studies was va lid o nl y for the specific locale from 
which it was obtained . Second, most scientists were so confident of the 
superiority of the recommended technology over farmers ' practices that 
they saw little reason for farm-leve l testing. 

Members of the Social Science Unit be li eved that a program of farm-leve l 
research was essentia l if a better understanding of farmers' problems, w ith 
respect to potato production, was to be obtained and the most promis ing 
avenues for technological change were to be identified. For this reason, the 
unit began searching for externa l specia l-project funding for on-farm 
research. 
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Ill. PROJECT PROPOSAL, 
IMPLEMENTATION, AND 

OVERVIEW OF 
ACCOMPLISHMENTS 

Farmer demonstrating the use of th e Andean foot plow (chaquitaclla) to trainees. 
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Project Proposal 
In May 1977, Cl P's Socioeconomic Unit submitted a draft project proposal 

entitled " Agro-Economic4 Resea rch on Potato Production Constraints and 
Post- Harvest Technology" to IDRC's Social Sciences and Human Resources 
Division. In September 1977, IDRC app roved a grant of up to $268450 (Cana­
dian) to enab le CIP to conduct the proposed resea rch and training activities. 
The proposa l out lined a series of farm- leve l resea rch and training act iviti es 
with broad institutiona l goals, rather than a sharply defined research project 
to test specific hypotheses. As stated in the proposal, the central objective 
was: 

to enable Cl P to co ndu ct agro-econom ic research on potato production 
const raints and post-harvest technology, and specifi cally: 
(1) to sensitize Cl P and national program scientists to the value of agro­
econom ic resea rch in the design and evaluation of potato technology; 
(2) to refine, adapt and test appropriate agro-eco nomic procedures, 
including low-cost farm surveys and experimental techniques ; and 
(3) through CIP's Trainin g Program, to deve lop trainin g materia ls and 
co ntribute to the t rainin g of national researchers and produ ction spe­
cia lists in the use of agro-economic techniques. 

The underl ying theme of the proposa l was to develop a set of procedures 
for identify in g major constraints to potato production and to fie ld test these 
procedures in a representative area of the Andean highland s. The proposal 
outlined a sequence of farm-level surveys and experiments to be conducted 
in Peru's highland Mantaro Valley. Work elsewhere in Peru (Cuzco, Huaraz, 
Canete) and in other countries was contemplated in the proposal but was 
assigned lower priority than activities focused on the Mantaro Va lley. For 
this reason, th e project became known as th e Mantaro Va ll ey Project. 

Fieldwork in the M antaro Valley was intended to generate informatio n on 
Andean potato farmi ng systems and fie ld test proced ures for farm- leve l 
research with potatoes . Trainin g of agronomists was to be accomplished by 
linkin g the Mantaro Va ll ey research with CIP's ann ual production course. 
Social sc ienti sts were to be trained th rough thesis research in the valley. 
Research resu lts were to be presented at confe rences and seminars and 
published in resea rch reports . In addition, training documents were to be 
issued for use in CIP courses, both at headquarters and in the reg ion s. 

CIP 's major contributions were to be the time and travel expe nses of the 
three social scientis ts involved in the program . In addition , CIP was to 
provide a full-time secre tary and all materia ls necessary for the implemen­
tation of the proposed research and training activities. ID RC provided funds 

•The term "agroeconomic, " used in the proposa l, graduall y disappeared from common 
usage at CIP as the importan ce of nonagronomic and noneconomic aspects of farm-level 
research became appreciated. 
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for contract ing an ag ri cultural economist, an agro nomist, and an anthropo l­
ogist for the duration of the project. IDRC also provided trave l fund s for 
project staff and finan ced seminars and wo rkshops, postgrad uate train ing, 
th e purchase of ve hicl es and equipment for fieldwo rk , and the reproduc­
tion and d istrib ution of research report s. 

Implementation 

The Mantaro Va ll ey Project was integrated into th e programs of th e Socia l 
Science Department, thrusts 7-9, and Cf P's Reg ional Research and Trai ning 
Prog ram. Hence, it is impossible to draw a sharp boundary around the proj­
ect's act iv iti es. Most IDRC funds were used for resea rch and training in the 
Mantaro Vall ey, but even here major finan cial contributions were made by 
the Rockefel ler Foundation (postdoctoral fe ll owships), IADB (postd octo ral 
fellowship ), and C f P's budget. Seve ral CIP staff members (primaril y in the 
Physio logy and Socia l Science departments) all ocated a substantial portion 
of their ti me to the project. Cf P's fund s were also added to cove r many of 
the cos ts of transpo rt, training, se minars, and publi cations. 

The survey phase of the M an taro Vall ey Project wa s conducted jointl y by 
CIP, Cl MM YT, and Peru 's National Maize and Potato programs. In 1977 and 
1978, su rveys of maize and potato growers were conducted in Call ejon de 
Huaylas, Mantaro Va ll ey, and Cuzco. Th e resul ts, wit h respect to maize 
growers and the ir production prob lems, have been reported elsewhere 
(Bye rl ee et al. 1980; UNA 1979). 

The M antaro Va lley Project was impleme nted w ithin the ex isting orga ni ­
zational framework of C l P's research p rogra ms, departments, and thrusts. 
As noted earlier, the Socioeconom ic Unit had, throu gh its country studies 
and inte ra ctions w ith CIP scientists, identifi ed three key technol og ica l areas 
for fa rm-l evel research : product ion constraints, postharvest techno logy, 
and seed systems. 

In 1977, wh en th e proposa l was submitted to IDRC, social sc ientists we re 
in the process of establi shing working relations hips with biologica l sc ienti sts 
in these areas of stud y. Following a recommendation of the Augu st 1977 
Socia l Science Pl anning Confere nce (CIP 1977), three in terd isc iplinary 
resea rch projects we re establi shed. Each of these projects had as co-l eaders 
a socia l scienti st and one or more bio log ica l scientists. 

It is important to note that these resea rch projects were estab li shed within 
three sepa rate research areas. Th e prioriti es and ph il osophies of th e project 
leaders and the stage of technica l resea rch in each area influenced th e 
deve lopment of the projects. Each tea m establ ished its own specif ic objec­
ti ves and work p lan. Th e " production const raints team," operat ing on th e 
assumptio n that potato farmers ' yields and incomes cou ld be signi ficant ly 
increased throu gh better app li ca tion of ex ist ing technology, aimed to 
develop and test proced ures for ident ifyi ng potato-product ion const raints 
and eva luating altern at ive tech no logies o n farms (Acca tino and Horton 
1978, 1980). In contrast, the " postharvest team " had as its mai n objective the 
developme nt of simple storage and process in g technolog ies appropriate 
for sma ll -sca le farming cond iti ons (Rh oades et al. 1982). Th e " seed systems 
team " had yet another objective. It attempted to find answers to th e ques­
tions of why seed -potato cert ifi cat ion p rograms have not been more sue-
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cessfu l in developing countri es and how the use of certified seed could be 
expanded (Monares 1981 ). 

In the o riginal project proposal , it was envi saged that a si ngle field team 
would co nduct all farmer surveys and on-fa rm experiments. The establis h­
ment of three ind ependent teams, however, made this impossible . Some 
survey activ ities were ca rri ed out jointly, but all experimental work was 
condu cted independentl y by the three different tea ms. 

During implementat io n of the Mantaro Va ll ey Pro ject, conf li cts between 
research teams and between discip lines occurred. At the time, these con­
flicts were seen as negat ive aspects o f th e project. In retrospect, however, 
one of the most positive aspects of the project was its plurality: the experi ­
mentation of the three independent research teams and their "construct ive 
conflict" (Rh oades et al. 1982) genera ted more useful resu lts than could 
have been produced by a single team with a com mon conceptual / method­
ologica l framework . 

In terdisc iplinary teamwork involving social and biologica l sc ient ists and 
farm-level resea rch has played a vital rol e in some of CIP's most successfu l 
regional programs. Th e Programme Nationa l de !'Amelio ration de la 
Pomme de Terre (PNAP) , Rwanda 's Nationa l Potato Program, for exa mple, 
was estab li shed in 1979 with the fi nancial support of the Belgian govern­
ment and technica l/ organizational backstopping of CIP and is generall y 
considered to be the cou ntry's most successfu l commodity program and a 
mode l for development projects in Rwanda and abroad. PNAP is a small 
program, in compa ri son with most commodity programs, but it has been 
exceptionall y successfu l in achieving a signif ica nt product ion impact at the 
farmer and consumer leve ls. 

Several factors account for the success of the program, including the 
comm itment of national policymakers to potato improveme nt, ge nerous 
external fundin g, and the high ca libre and motivation of the program 's staff 
- both Rwandan and expatri ate. The key to PNAP's success, however, is th e 
program's " client-oriented research philosophy. " PNAP based its initial 
research priorities on observations and conve rsa ti o ns with farme rs in major 
product io n zones - an " informal survey" cond ucted by the newly formed 
team of production specialists . Information ge nerated in thi s baseline 
su rvey was supplemented by a general study of potato product ion and use, 
conducted by an agr icultural economist in 1979(Durr1 983) , and consump­
tion surveys conducted by an ant hropo logist in 1980 (Poats 1981). 

Since that t ime, PNAP's staff has maintained close ties with farmers and 
cons umers. It is th e concerns of these groups that have gu ided PNAP's 
research program. In this context, it is important to note that CIP does not 
consider Rwanda as a test site for its tech no logy. Instead , PNAP looks to CI P, 
as we ll as other sources of technica l support, for potential so lutions to th e 
country's production problems. 

Overview of Accomplishments 

Laying the Groundwork for Interdisciplinary Teamwork 

A stated objective of the project was to sens iti ze biologica l sc ientists to 
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the value of on-farm research . In actual fact, the project succeeded in sensi­
tizing both biologica l and social scientists to the va lue of interdisciplinary 
teamwork , not only at th e farm level but also throughout the research / 
transfer process. After an initial period of skepticism, and at times rejection 
of early research findings, most scientists close to the work - both at C IP 
and in collaborating national programs - have become strong advocates of 
interdisciplinary farm- level research . This is, indeed, one of the most 
striking results of the project. Thus, CIP has adopted on-farm research as a 
major component of its regional testing strategy and invo lves social scien­
tists in several of the centre 's research thrusts. 

Source Research 
In thrust 8, interdisciplinary research and tra ining is conducted on both 

seed- and consumer-potato storage, as well as on potato processing. In 
thrusts 7 and 9, interdisciplinary research on potato seed systems has been 
conducted in three areas : (1 ) In response to national program requests, 
seed-certifi cation systems have been evaluated , farmer demand for certi­
fied seed has been estimated, and networks of on-farm trials have been 
estab li shed to monitor seed quality. (2) Studies of two particularly successfu l 
seed production and distribution systems (those of Tunisia and Rwanda) 
have been conducted. (3) Socioeconomic research on an ent irely new tech­
nology, true potato seed (TPS), has begun . In this third area, socia l and 
biologica l scientists interact in estab li shing priorities for research both on 
and off the experimenta l station, conducting fa rm - level surveys and experi­
ments, and planning and executi ng training courses. 

This case of interdisciplinary research on seed illustrates how ex post 
evaluations of a recommended technology - improved seed - led to an 
awareness of the limitations not only of the technology itself but also of the 
deve loped-country institutional model being used to generate t he technol­
ogy- the seed-certifi cation program. This awareness led to three new areas 
of research : (1 ) ex ante evaluations of the potentia l demand for and social 
benefits of seed-tuber multiplication systems; (2) designing innovative 
seed-tuber multiplication schemes based on the existing farmers' informal 
seed systems; and (3) research aimed at develop ing TPS technology com­
ponents and systems that are viable under deve loping-cou ntry conditions . 
Early farm-level research in the design of this new technology helped guide 
on-station work. It was quickly learned, for examp le, that farmers were 
more concerned with seedling vigour and less concerned with the uni­
formity (colour, shape, and size) of the potatoes produced than had been 
assumed previously. Biologists have used information provided by farmers, 
therefore , to reorient their research priorities. 

Recently, scientists working on thrust 6 (nemato logy and entomology) 
have requested the in vo lvement of social scientists in their research projects 
to help determine the relative importance of different pest problems and to 
test and monitor the effectiveness of new pest-control measures. An agri­
cultural economist has been contracted to wo rk full time in this important 
area. 

Regional Research and Training 
Over time, demands for greater social science involvement in farm-level 

research have increased in regional and national programs. An agronomist 
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was ass igned for a 3-yea r peri od to CIP's reg ion VII tea m in th e Philippines 
(Fi g. 3) . Th e reg ion VII offi ce has prepared a proposa l for special-project 
fun d ing o f a social science posi ti o n in th e reg ion . Th e Swiss and Nepalese 
governments are explorin g ave nues for increas ing th e socia l sc ience input 
in the Nepalese potato progra m. In a rece ntly acti vated Swi ss-fund ed 
potato -improvement program in Paki stan, two of th e three staff pos itions 
are fo r economists: on e for marke tin g and o ne for fa rm-l eve l research. In a 
majo r proposa l fro m Peru 's National Agri cul tural Resea rch and Promoti o n 
Institute (INIPA) to th e W orld Bank, fundin g wa s requested fo r a farm ing­
systems research program to capitalize on th e wo rk begun by CIP in 
M antaro Vall ey. In 1982, INIPA requested that CIP o rga nize a 6-w eek course 
o n fa rmin g-sys tems meth ods. Thi s course was o rga ni zed by an economist 
and an anthropol ogist, both ex-CIP staff members wit h ex tensive experi­
ence in fa rmin g-sys tems analysis in M antaro Va ll ey. In a major Peru vian 
seed -producti o n project act iva ted in 1983, an anthropo logist was con­
tracted to conduct an 8-mo nth stu dy o f ex istin g seed systems. Thi s di agnos­
ti c stud y, the first of its kind , provided basel ine info rm at io n fo r planning and 
implementin g th e seed pro jec t. Two economi sts are emp loyed full time to 
wo rk w ith biol og ists in institu tio nal des ign, mon ito rin g, and evaluation . 

A number o f oth er exa mp les could be cited , but suffi ce it to say th at once 
th e va lue o f social sc ience input in interdi sc iplinary research was demon­
strated a stron g demand was created for such expertise. 

Developing Procedures for On-Farm Research 

Co nsiderable tim e and effort was inves ted in th e M anta ro Va ll ey Pro jec t 
in develop ing and tes t ing p roced ures for use by nati onal potato programs 
w ith limited personnel and f inancial reso urces. Several of these procedures 
have been documented in wo rking papers, special pub licat ions, and t rain­
ing documents iss ued by th e Social Science Departm ent. 

In eva luating procedures fo r farm - level research, high p ri o rit y has been 
pl aced o n: (1) cl ea r problem identi f icati o n thr ough th e use of we ll-planned, 
informal surveys conducted by interdi sciplinary tea ms and (2) simpl e 
experim ental des igns th at inco rpo rate th e farm er's techno logy as th e 
co ntrol t reatment, evaluate we ll-defin ed changes in the cropping sys tem, 
and involve th e farmer in both t he manage ment and eva luatio n o f th e trials. 
Thi s approach has produced ve ry hi gh return s in bot h th e design and 
transfer of technology. 

As th e M antaro Vall ey Project evol ve d, it beca me increasingly clea r th at 
there was considerab le scope fo r social sc ience in vo lve ment not onl y in 
reg io nal and national progra ms but also w ithin CIP's resea rch thrusts. 
Increasing invo lvement of social scientists in CIP's research has led to th e 
appli ca tion of a wid e ran ge of micro- and macro level analyt ical procedures . 
Beginning with farm-l evel eva luati o ns o f seed and posth arvest technology, 
studi es have evol ved in th e d irecti o ns o f broader fa rmin g-systems anal ysi s, 
marke tin g, and nutriti o n. Proced ures for conducti ng these studi es have 
been documented by Rh oades (1982), Poats (1982), and Scott (1984). Beyond 
th e procedures th emse lves, th e fa rm er-back-to- farm er model provides a 
framework for guiding interd isc iplinary tea mwork through the entire 
resea rch / transfer process. 
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Trainees in a farming-s ys tems course. 

Training 

Of the three origina l objectives of the Mantaro Val ley Project, th e training 
objective was the most difficult to ach ieve. There were four main reasons for 
this: First, p lans to introduce farm- level research methods into Cl P's annual 
production course , held in Peru, failed to materialize whe n the course was 
terminated in 1978.5 Second, during the ear ly years of th e project's 
implementation , training materials fo r course work on farm- leve l research 
were inadequate. Third, CIP's scholarship policy, geared to the needs of 
agronomy students conducting thesis research at CIP headquarters, was 
found to be inadequate for social science thesis fieldwork in the provinces. 
CIP's scholarships made no allowance for travel and the additiona l living 
expenses associated with fieldwork. In addition, the level of scholarship 
payments was inadequate to attract top students in the socia l sciences. Final­
ly, given the interdisciplinary nature of the Mantaro Valley research, it was 
difficult to provide students with thesis topics and methodologies that were 
acceptab le to their thesis committees, which we re o ri ented toward specific 
scientific disciplines. 

In spite of these d iff iculties, a considerab le amount of training was 
conducted. This proved to be useful not only fo r the trainees but also for the 
project staff. Involvement in training made the staff aware of the amb iguous 
or impractical aspects of the procedures being proposed for use in national 
programs. Thus, a number of specia li zed training courses on farm-level 
research have been held since 1978 that have drawn heavily upon the data 

ssin ce th at time, all general produ cti o n training has been condu cted by Cl P's regional staff in 
associati on with national programs. In creasingl y, national programs are conducting th is type of 
training with li ttl e dependence upon CIP. 
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and experi ences gai ned in the Mantaro Valley Project. The courses held in 
Peru have al l invo lved fieldwork in the Mantaro Valley. In most cases, this 
has bee n comp lemented with fie ldwork in othe r ecologica l zones of th e 
country. In courses conducted outside of Peru, training mate rial s based on 
the Mantaro Vall ey research have been used extensively. As mo re expe ri­
ence was gai ned in other areas, such as in the Phil ippines and Rwanda, 
training materials began drawin g upon th ese experi ences. 

Six thes is resea rch projects were conducted by students in conjunction 
with the Mantaro Va ll ey Project. To compensa te for the inadequacies of 
CIP's scholarsh ip po li cy, seve ral students were hired on fixed-term 
contracts to conduct th eir thesis research . For this reaso n, the number of 
theses completed under the Man taro Vall ey Project exceeds the number of 
scholarships granted. 

In add ition to the thesis resea rch p rojects conducted b y students during 
the project' s implementation, students and staff of Peru 's National Agrarian 
Univers ity, Catho lic Unive rsity, and Pa cific Universit y have frequently 
drawn on data co mpiled in the Mantaro Val ley surveys and experiments for 
the ir own independent resea rch projects. O ve r t ime, interest in this 
info rmation has increased. Hence, th e data bank es tab lished is a va luable 
resource that is likely to be explo ited by researchers for yea rs to come. 

Two recent developments fac ilitate institutionali zat ion of train in g in 
farm-leve l resea rch at CIP. First, t he postharvest thru st uses the fa rm er­
back-to-fa rm er model as th e ove rall framework for its numero us, and 
highly successful , trai ning activit ies. Second, th e Train ing and Communica­
tions Department has recently embraced on-farm resea rch as a central 
component of its product ion trai ning and a manual is being prepared fo r 
regiona l p roduct io n courses that refl ects this new o ri entation. 

In conclusion, it ca n be sa id that, even though th e project 's training 
objective was more diff icu lt to achieve than the o ther two object ives, consi­
derabl e progress has been made in trainin g both ag ronom ists and social 
scientists. Th e importance of interdiscip linary teamwork is now forma ll y 
recognized by CIP's Training and Communica ti o ns Department and 
approaches and procedures for farm-level resea rch are now being included 
in the centre's major training activ iti es. 

Project-Related Activities not Contemplated in the Proposal 

The Mantaro Val ley Project stim ulated a grea t deal of farm -l evel resea rch 
and training outs ide of th e val ley. Most of thi s work was funded throu gh 
Cl P's budget, but it was also suppo rted by grants from the Ford and Rocke­
feller Foundations, I ADB, the governm ents of Switzerland and Belgium, and 
other donor inst itution s. Highlights of th ese activities fo llow. 

1978 
A survey of mai ze and potato farmers wa s conducted in Cuzco in con­

junction w ith CIMMYT. Training courses in postharvest technology were 
ca rried out. Farm-level research on seed systems was initiated in the Canete 
Valley of Peru 's Central Coast and in hi gh land Ecuador and Colombi a.6 

6This research was par ti ally funded by the Fo rd Foundati on. 
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The production constraints team developed a farm-level resea rch 
approach - first termed " ma xim izing potato productivit y in developing 
countries " and later " optimizing potato productivity (OPP) " - for use by 
CIP's regional scientists and national-program workers in identifying 
potato-product ion const raints and evaluating potential technological so lu­
tions under farmers ' cond iti ons (A cca tino and Horton 1978, 1980). Begin­
ning in 1978, a number of training courses, workshops, and sem inars were 
organized to familiar ize regional and national scientists with the OPP 
approach and proced ures for conducting farm-level surveys and experi­
ments. 

The postharvest team began a ser ies of training courses designed to moti­
vate national programs to focus their storage and processing programs on 
farmers ' problems. Over tim e, the postharvest team developed an in terdis­
ciplinary model for generating and transfe rring technology, termed the 
" farmer-back -to-farmer" model (Rhoades et al. 1982). Although the OPP 
approach provided an effective means of bridging the tradit ional gap 
between research and extension , the farmer-back-to-farmer model 
encompassed the entire research-transfer process. These two comp lemen­
tary approaches are now being app lied by CIP in both its headquarter 's 
research and in a number of regional and national programs. 

1979 
The Social Science Department estab lished a " Working Paper Series" to 

encourage debate, the exchange of ideas, and the advancement of social 
science knowledge about potato production and use. R. Rhoades, who 
joined CIP on a postdoctoral fellowship from the Rockefe ller Foundation , 
began a comparative study of potato farming systems in four Peruvian 
ecological zones: highlands, coast, and high and low jungle. The Social 
Science Department ass isted with farm-level testing of " Molinera," a new 
Peruvian potato variety resistant to late blight and bacterial wilt. In response 
to a request from Ecuador's at ional Agricultural Resea rch Institute 
(INIAP), Cl P assisted in planning and carrying out a farmer survey and plan­
ning a series of on-farm trials in no rthern Ecuador. 

Two short courses were held on farm -l evel research in Peru , w ith trainees 
from Bolivia, Chile, Colombia , Ecuador, Mexico, and Peru. Two workshops 
were also held on farm- level research : one in Peru and the other in Costa 
Rica . 

In 1979, two agronomists joined the Social Sciences Department: one had 
responsibility for coordinating Cl P's farm-level research and training activi­
ties for a 2-year period; the other was posted in the Philippines for a 3-yea r 
period to conduct farm-level research with the National Potato Program 
(Potts 1983). The postharvest team initiated a study of farmer adoption of 
simple seed-storage technology in the Philippines and intensified its train­
ing and technology-transfer activit ies in severa l countries. 

1980 
The Social Science Department initiated its " Training Document Series" 

and a number of courses and workshops were organized. Several national 
programs initiated farm-level research on potatoes. The major programs 
were in the Philippines, Rwanda , and Tunisia. Farm-level research on pota­
toes was also cond ucted in Algeria , Colombia , Ecuador, Guatemala, Nepal , 
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Pakistan , Peru, and Turkey. Throughout the year, intensive research 
continued to be conducted in the Mantaro Val ley. 

Post-1980 
The sca le of act iviti es in the Mantaro Valley was reduced after 1980 and 

the emphasis shifted to institutionalizing farm- level research in CIP thrusts 
and regional and national programs. A number of training documents and 
publications have been issued that ref lect experie nce gained not only in the 
Mantaro Valley but also in CIP's co llaborat ive work outside of Peru. 
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IV. EMPIRICAL RESEARCH 
RESULTS 

Applying pesticides in an on-farm trial in the int erm ediate zon e. 
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Research Phases 

It is not possible to do justice in a single repo rt to all of the research con­
nected with th e Mantaro Valley Project. Th erefo re , this report concentrates 
on the major res ults of th e four research act ivit ies li sted in the orig inal pro­
posal: literature rev iew ; baseline survey of eco logy and agr iculture; single 
and multiple-visit producer surveys; and on-farm potato experiments. 

Although an attempt has been made to provide a balanced report on th e 
three interdi sc iplinary projects conducted under the umbrella of the 
Mantaro Valley Project, th e agronomic constraints project, of which th e 
author was co- leader, is treated more extensive ly than the other two. 
Resea rch on postharvest technology and seed is more adequately covered 
in Rhoad es et al. (1982), Rhoades and Booth (1982a,b) , and Monares (1981 , 
1982). Additional research on folk ta xonomies and potato marketing, ca r­
ried out in th e Mantaro Valley, are reported on by Bru sh et al. (1981 ) and 
Scott (1981 ). A study comparing farm ing systems in Mantaro Valley with 
those in three other Peruvian loca tion s is being prepared (Rhoad es, in 
preparation) . 

Selection of the Research Site 

Th e Mantaro Va ll ey was chosen as the princi pal research si te for three 
reasons: First, CIP 's hi ghland experimental station and the headquarters of 
Peru's National Potato Program are located in the va ll ey. Hence, the site 
offered valuab le opportuni ties for interaction between project personnel 
and potato specia li sts. In addition , th e infrastructure for research and train­
ing was far superior to th at avai lab le in other hi ghland loca ti ons. Th ese 
facto rs were considered to be cru cial for achieving two of the project's 
goals: sensiti zin g biologists to the va lue of on-farm research, and training. 
Th e seco nd reason for choosi ng th e Mantaro Vall ey is that it is the most 
important potato-prod ucing reg ion in Peru 's Central Highlands. Th e final 
reason for the se lection of this site is th at ecologica l conditions in the va ll ey 
are representative of conditi o ns in many other highland potato-producing 
reg ions in th e A ndes and elsewhere in the developing wo rld , thus allow ing 
extrapo lation of resu lts (Posner and M cPh erson 1982; CIP 1980). Fo r these 
reasons, it was fe lt that thi s site offered better conditions for achi eving th e 
goals of the project than any other. 

Literature Review 

Th e Mantaro Valley is one of th e most intensive ly studied regions in the 
highlands of Peru and potatoes are its major crop. A great dea l of biologica l 
research has been conducted o n potatoes in the valley over the years and 
severa l classics of Peru vian socia l sc ience literature are based o n fieldwork 
in the va ll ey. Avai lable studi es provide surprising ly littl e empiri ca l data o n 
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farmers' production and postharvest techno logy (as opposed to recom­
mended technology) , however, or on the performance of new technologies 
under representative farming conditions (Werge 1977; Mayer 1979). Hence, 
available literature was found to be of little direct use for ident ifying 
farmers' production problems and se lecting technologies for o n-farm test­
ing. Nevertheless, maps, published stat isti cs, and studies of the region's 
geography and agriculture were quite usefu l for planning surveys. 

Baseline Survey 

Based on 2 months of fieldwork in the valley and a review of topographi­
cal maps, aerial photographs, census figures, and published reports, Mayer 
(1979) app l ied a natural-ecologica l scheme to produce land-use maps and a 
descript ive analysis of the valley's agr iculture. Major agroeco logical zones, 
subzones, and types of producers were defined. The results of thi s " infor­
mal " survey were later used for planning and executing " formal " surveys 
and on-farm experiments. 

Single- and Multiple-Visit Surveys 

Based on Mayer's (1979) findings, two formal questionnaire-type surveys 
were used to generate detailed information on potato production and use. 
In September 1977, 260 farmers were interviewed at points rando mly se lect­
ed throughout the valley (Franco et al. 1979). From October of the same 
year un til June 1978, a se ries of week ly visits were made toa subset of 53 pro­
ducers (Horton et al. 1980). Information generated fro m the single-v isit 
survey was used to refine the agroecologica l zonatio n and quantify 
important aspects of potato production and use (e.g., average farm size, 
crop mix, market orientation, and use of traditional and modern inputs). 
The multiple-visit survey, observations, and direct field measurements pro­
vided a check for estimates obtained from the single-visit survey and 
generated information on production costs, returns, and technical aspects 
of crop production and postha rvest practices. 

On-Farm Experiments 

A number of techn ologies were eva luated in experiments conducted on 
farms. Th e farmer 's own technology served as the "contro l" o r "check" 
treatment in each experiment. The product ion constrai nts team , wh ich 
tested a number of inputs and packages under a range of conditions, con­
ducted 30 farm-level experiments in Mantaro Va lley during the 1978/ 1979 
crop year and 35 in 1979/ 1980. The postharvest team, which experimented 
with fewer variab les and placed strong emphasis on frequent interaction 
with farmer collaborators, conducted four experiments in 1978/ 1979, six in 
1979/ 1980, and six in 1980/ 1981. For reasons out l ined below, the team 
researching seed systems conducted experiments on the Peruvian coast and 
in the highlands of Ecuador and Colombia rather than in Mantaro Valley. 

Research Results 

The Mantaro Valley Project generated a wealt h of empir ica l information 
- both technical and socioeconomic - on Andean potato agr icu lture. Th e 
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resea rch demonstrated how land use and agri cultural techno logy are influ­
enced by two key factors- eco logy and farm type - beyond the immediate 
contro l o f fa rm ers. Th e resea rch also provided new perspecti ves o n four 
co ncepts th at are central to th e philosophy o f CIP's resea rch and transfer 
program and , in fa ct, to most ag ri cultural resea rch and development pro­
grams. Th ese are th e concep ts of th e small-sca le farmer, th e technological 
package, improved seed, and techno logy transfer. 

Agroecological Zones and Farm Types 

M anta ro Vall ey is one of Peru's largest and most fert i le highland agri cul ­
tural areas. Th e city of Hu ancayo, in th e southern part of the va ll ey, is th e 
most impo rtant commercial ce ntre in th e Central Highlands. Agri cul ture, 
minin g, lives tock , and commerce are important sources o f regio nal em­
ployment and income. 

Agroecological Zones 
Th e va ll ey's cropl and ca n be divided into three agroeco logica l zones: th e 

relati ve ly flat land of the " low zo ne" along Man taro River, ranging between 
3200 and 3450 m above sea leve l (as l); th e slopin g land of th e " intermediate 
zone" between 3450 and 3950 m asl; and the mo re steeply slop ing fields of 
the " high zo ne" betwee n 3950 and 4200 m as l (Fi g. 4). In the puna lands 
above 4200 m asl, no crops are grown and agri cultural land use is limited to 
pas turin g for sheep, ll amas, and alpa cas. Of th e va ll ey's 150000 ha of 
crop land , approx imately 50% is in the low zone, 40% in the interm ediate 
zone, and 10% in th e high zo ne. 

Pl anting dates for most crops grown in the va ll ey are dete rmin ed by 
seasonal patterns o f tempera tu re and rain fa ll. M os t crops are sown in 
O ctober and harves ted in M ay. 

Cropping is most intensive in th e lo w zone, parti cularl y o n irri gated field s. 
A w ide range of food crops is grown, th e most impo rtant of whi ch is maize. 
As o ne ascends in to th e interm ed iate and high zones, fewer and fewer crops 
ca n be grown and fallow becomes more impo rtant in th e ro tation cyc le. In 
th e high zon e, a large propo rti o n o f th e land is pe rm anent natura l pasture. 
M aize is se ldo m found above 3450 m asl. Tubers (mainl y potatoes) pre­
dom inate o n the humid easte rn slopes o f th e interm edia te zon e; small 
grai ns (mainly barl ey) predo minate on th e dri er w es tern slo pes. In th e hi gh 
zo ne, wh ere onl y the hardies t o f pl ants survi ve th e co ld and fros t, potatoes 
are th e dom inant crop (Fi g. 5). 

ea rl y 90% of th e va ll ey's po tatoes are p rod uced in the low zone and on 
th e eas tern slopes o f th e in termedi ate zone. Seventy- five percent o f th e 
va ll ey's po tato produ ce rs live in th ese two agroeco logica l zones, wh ere 80% 
of th e land is seeded with potatoes. In th e hi gh zone, th e potato is th e most 
strategic crop in th e farmin g sys tem, but thi s zone accoun ts fo r o nl y a small 
p ro po rt io n of th e va ll ey 's total population and potato prod ucti on. In rece nt 
yea rs, large -scal e farmers in the low zone have expanded producti o n o f 
seed potatoes fo r sa le to th e coas t (Monares 1981 ). Th is lucrative busin ess 
has contributed to an increasing co nce ntrati o n o f land be ing devoted to 
po tatoes in large commercially ori ented rental units. 

Types of Farms 
Sma ll farm s, which are in th e majo rity throughou t the va ll ey, occupy 
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D Low zone (3200-3450 ml 

11:};;,\1 Intermediate zone (3450-3950 ml 

D High zone (over 3950 ml 

- Mantaro River 

Fig. 4. Agroecological zones of Mantaro Valley, Peru (adapted from Ma yer 1979). 
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Fig. 5 . Percentage of cropland in food crops in Mantaro Valley by agroecologica l zone (Franco et al . 
1979). 

every possible eco logica l environment. In contrast, large farms are found 
primarily in the low zone, where they occupy th e va l ley's best crop land, and 
in the high grazing lands of the puna. 

In the low zone, a fundamental difference is observed between large-and 
small-scale farmers. Large-scale farme rs tend to specialize in commercia l 
potato production, whereas small-sca le farmers operate highly diversified, 
risk-averting, part-time farming systems and grow potatoes mainly for home 
consumption. This distinction is not so clear in the intermediate and high 
zones, where large-scale commercia l farmers are virtually absent. In the 
intermediate zone, many small-sca le farmers market potatoes and barley, 
crops that grow best in the area. In the high zone, most farmers derive their 
cash income from livestock and prod uce potatoes mainl y for home con­
sumption. 

Nearly every farmer in Mantaro Va lley produces potatoes, but most 
produce them on less than 1 ha of land. Potato production is concentrated 
on a few large farms (Tables 2 and 3). Ten percent of the va ll ey's farmers 
produce over half of the potatoes and an even higher percentage of the 
marketed output. Moreover, in recent years the degree of concentration of 
potato production on large farms has increased, despite implementation of 
Peru 's land reform (Caballero 1980). High production costs and risks are 

Table 2. Number of potato producers, area, production , and yie ld by 
agroeco logical zone. 

Intermed iate zone 

Low zone East West 

Distribution (%) 
Potato producers 51 24 18 
Area in potatoes 49 30 13 
Potato production 55 31 7 

Area in potatoes as % of cropl and 19 39 22 

Yield (t / ha) 5.5 5.0 2.7 

Source: Franco et al. (1979). 

"Due to rounding off, the potato-production va lues do not total 100. 
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Tabl e 3. Selected characteri sti cs of M antaro Vall ey potato farms. 

Low zone Interm ediate 
Large M edium Small zone 

fa rms farms farms East West High zone 

Average croplan d (ha) 74.7 10.9 1.0 1.9 1.8 1.4 
Ave rage in potatoes (ha) 41 .9 1.9 0.2 0.7 0.4 0.6 
Farmers with off-fa rm jobs(%) 30 46 80 61 59 63 
Po tatoes marketed (%) 63 73 11 52 17 26 
Inputs purchased (%) 75 61 59 36 27 25 

Sou rces: Franco et al. (1979) ; Horton et al. (1980). 

on: Large fa rms are defined herein as those of large-scale seed growers and are reg istered by the 
Ministry of Agr icult ure. Medium-sized farms are those producing consumption potatoes on more than 0.5 
ha of land. Small farms are those wi th less than or equal to 0.5 ha of land under potatoes. 

forcing smal I-sca le farmers to reduce planting, whereas large-sca le growers, 
with their greate r ri sk absorbing ca pacity and prefe rential financial and 
marketing arrangements, are expanding acreage to supply the growin g 
coas tal markets with seed and consumption potatoes. 

The Concept of the Small-Scale Farmer 

Many agricultural research and development programs assume, exp li cit­
ly or implicitly, that sma ll-scale farme rs are isolated from input and product 
markets and are parti cularly resistent to change. In th e context of the Man­
taro Valley Project, it was assumed th at small-sca le potato producers grew 
mainly native va ri eties for home consumption and that they applied little or 
no fertil izer or pesti cides. Surveys indi cated that, although such tradit ional, 
subsistence-ori ented small -scale farmers ca n be found , they are by no 
means the norm. 

Market Integration 
Although nearly all farmers in th e intermediate and hi gh zones are small 

scale, the smallest in the va lley we re found in the low zone (Table 3) . Th ese 
farme rs are subsistence oriented in the sense that they keep a large propor­
tion of their potato harvest fo r home consumption . They purchase most 
inputs, however, incl uding labour, and most of them have off-farm jobs. 
They are, in essence, part-time fa rmers who are well integra ted into the cash 
economy (Table 3). 

Use of Purchased Inputs 
In the low zone, fertili zer- and pesticid e-appli ca tion rates were found to 

be surprisingly high - often exceeding recommended levels -with even 
small-sca le farmers applying, on average, over 100 kg N/ ha (Table 4). In the 
intermediate and high zones, many small-sca le farmers appli ed less chemi­
cal fertilizers and pesti cides for two reasons. First, because the probability of 
crop loss from hail or frost is extremely high, farmers minimize financial 
risks by minimizing their use of purchased inputs. The second reason is that, 
because two-thirds of th e zone's potatoes are planted after fal low, they 
req uire little fertilization and pest control. It is clear that the use of 
purchased inputs is not determined by cu lture, lack of knowledge, or lack of 
input supplies beca use the same farmers who used less ferti li zer and pesti­
cides in the high zone applied more fertilizer and pesti cides on their fields 
at lower elevations. 
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Table 4. Use of chemica l fertili ze rs, pesticides, and fallow. 

Low zone 

Large Medium Sm all Interm ediate High 
far ms farm s farms zone zone 

% of potato fields with app li ca ti ons of 
Chemica l fertili ze r (N) 100 95 83 74 28 
Soil pes ti cide 89 63 80 90 54 

itrogen appli ca ti on (kg/ ha) 212 124 108 85 148 

% of fields pla nted afte r fallow 0 8 6 52 67 

Sou rces: Franco et al. (1979); Horton et al. (1980). 

Use of Modern and Native Varieties by Small-Scale Farmers7 

ea rly al l fa rmers, both large and small sca le, grow modern var iet ies in 
the low zone, w hereas most farmers in the hi gh zone grow native va riet ies 
(Fig. 6). Native and bitter potatoes are grown at hi gh alti tudes because trad i­
ti o nal produce rs prefer th e cu linary qualities of native potatoes (Carn ey 
1980). A major reason that native and b itter potatoes are grown is that the y 
are extremely we ll adapted to the production conditi ons of high Andea n 
areas. 

With present technology, modern va ri et ies have a considerable yield 
advantage over native varieties in the low zone . This is not always the case, 
howeve r, in higher zo nes (Table 5). Traditional va ri eties are hi gh ly resistant 
to frost and hail and produce reaso nab ly we ll with low app li ca ti o ns of 
chemica l fe rtil izer and pesticides (Bru sh et al. 1981 ). Hence, the ir use allows 
farmers to minimize losses in an environment characteri zed by frequent 
crop failure . In additio n, native varieti es are now considered a lu xury item in 
urban areas and fetch a higher market price than mod ern varie ties. Given 
these conditions, in areas where nat ive va ri eti es yield the same o r more than 
modern va ri et ies - as they do in the interm ed iate zon e - many farmers 
derive a substant ial cas h income from marketin g nati ve potatoes. 

Potatoes pla y an important rol e in th e diet of rural households in high 
areas due to limi ted croppin g alternatives and th e absence o f reta il food 
markets in th ese sca rce ly populated areas. Because native va rieti es store 
well , farmers ca n keep them for home consumption practica ll y year round 
from o ne harves t to the next. Night frost and sunny days after harvest pro­
vide excell ent natural conditions for transformin g ined ible bitte r potatoes 
into chuno (Werge 1979; Christ iansen 1977). Chuno pla ys a special rol e in 
th e typical diet of this zone. Beca use it is light in weight, it ca n easi ly be 
ca rri ed by herders d uring th eir seasonal migration to hi gh-altitude pasture 
land s. Also, beca use it ca n be sto red fo r yea rs, it provid es them with a 
degree of food security in this unce rtain environment. 

7Modern var ieties are defined herein as hybrids produced by Peruvian breeding programs. alive 
varieties are all others . Bitter potatoes are a subtype of native var ieties that because of their high 
glycoa lkaloid content are not ea ten fresh but are processed into chuiio - a traditiona l freeze-dried 
product that can be stored for yea rs. 
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Fig . 6. Cultiva tion of modern and native potato varieties in Mantaro Valley by agroecological zone 
(Franco et al. 1979). (Bitter potatoes are native varieties that are not consumed directly but are 
processed into chuno.I 

Economics of Small Farm Production Systems 
Tabl e 6 illustrates how a "t radit ional " low-input system can offer pro­

duce rs econo mic advantages ove r a " modern " hi gher input system . In th e 
intermed iate and high zones, th e ticpa sys tem, employing native vari eti es, 
no till age pri o r to planting, hand power (using the chaquitaclla or And ean 
plow) for all culti va tion and harvest operations, and ve ry li tt le chemi cal 
fertili zer and pesti cides, was fo und to produce a higher net return than th e 
barbecho system, wh ich employed modern vari eti es, tracto r power, and 
high levels of chemical fertilizer and pes ti cides . Both the yield and total 
input costs associated w ith th e ti cpa system were about 20% less than those 
associated with th e barbecho system . The net return ove r d irect input costs 
was hi gher in th e ticpa sys tem becau se higher va lued native var ieties were 
produced. O f equa l, or perhaps greater, importan ce, is the fact that the 
ticpa system employs onl y about o ne-third of th e value of purchased inputs 
compared with those used in th e barbecho sys tem. Hence, this " traditional " 
sys tem exposes fa rmers to re lati ve ly little financial ri sk. 

Tab le 5. Ave rage y ie lds and p roducer sco res for modern , nat ive, an d bitter potato variet ies. 

Low zo ne In termedia te and hi gh zo nes 

Modern ative Modern ative Bitter 
var iet ies varie ti es vari eti es va r ie ti es potatoes 

Average y ield (t/ ha ) 5.7 3.7 4.8 4.7 4.9 

Producer scores 
Culinary quality 87 96 76 95 67 
Ma rket p ri ce 76 84 82 87 58 
Yield 80 68 82 73 85 
Pest resista nce 59 46 66 46 85 
Frost res istance 49 35 49 43 91 
Storabil ity 65 72 69 85 84 

Source: Franco et al. (1979). 

Nor£s: (1) Scores range from 0- 100. A score of zero indicates that all producers considered the va ri ety "bad. " A 
score of 100 indicates that all producers considered the var iety "good. " Fewer than five farmers interviewed 
produced bitter potatoes in the low zone; hence, no scores are given. (2) Modern varieties are defined herein as 
hybrids released si nce 1950 by Peru 's breedi ng programs. Native va rieti es are all those that have not originated in 
formal breeding programs. Bitter potatoes are native varieties that are not consumed directly but are processed into 
chuno. 
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Table 6. Yields, costs, and returns in two potato-prod uct io n systems in the in termed iate 
and high zones. 

Barbecho system 
a 

Ticpa sys tem 
(n=8) (n=9) 

Yield (t/ ha) 9.4 7.3 

Tota l returns (US$/ ha) 1102 1030 

Direct input costs (US$/ ha) 
Seed 278 235 
Labou r 186 218 
Pesticid es 67 14 
Tractor/ oxen 64 0 
Chemica l fertili zer 62 18 
Manure 15 59 

Tota l 672 544 
(Pu rchased) 316 11 4 

Gross marg in (US$/ ha) 
Total return - direct input cos ts 430 486 
Total retu rn - purchased inpu ts 786 916 

Source: Ho rton et al. (1980). 

' Mod ern varieties grown; t ractor used for plowing. 

bNative va r ie ti es grown with no t il lage before p lanting; al l cu lt ivation done by hand. 

Th ese empiri cal findin gs were in sharp contradict ion to t he assumpti ons 
of many CIP sci enti sts and develo pment experts workin g in the Andes. Th ey 
helped to des troy th e myth that t rad it io nalis m among the sma ll-sca le 
farmers is a major barri er to the transfe r o f techno logy. 

The Technological Package Approach to Agricultural Extension 

Belief in technologica l packages is w idespread in the development com­
mun ity. Based o n th e agrono mic principle o f inpu t in teract io n8 and on a 
superfic ial anal ys is of th e " seed-fe rtili zer revo lution" of the 1960s, many 
development experts and po licymake rs have concluded that ag ri cu ltural 
improve ment requires th at fa rmers adopt complex technologica l packages. 
To cite just one example, a recent W o rl d Bank paper states that " th e first 
requirement for successful innovatio n is th e avail ab ili ty o f a package of 
technica l components th at is complete, re li abl e, and suitab ly designed fo r 
th e conditions within whi ch it is to be app lied" (Mcinerney 1978). Similar 
statements are found in documents o f th e Food and Agr icu lture Organi za ­
tion o f th e United Nations (FA Q 1981 a, b) and o th er deve lopme nt agencies. 
Indeed, it seems fa ir to genera li ze th at the vast majori ty o f crop­
improvement prog rams in developing countr ies are based o n th e concept 
of th e improved techno logica l package. 

Wh en CIP's agronomic constraints work bega n in 1978, it was accepted 
th at many small-sca le farmin g pract ices we re so ru di menta ry that a com­
p lete package of improved p ractices was needed to substantia lly increase 
yields and economic returns. Hence, techno log ica l packages we re used fo r 

8The co mbined effect o n yield of app lying seve ral inputs jointl y is greater than th e sum o f 
the effects of each app li ed se parately. 
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Tab le 7. Ave rage increase in y ield and cos t and net benefit / cost ratio of techn o logical 
packages and si ngle facto rs." 

% in crease Increase in Benefi t / cost 
in y ield cos t (U S$/ ha) ratio 

Technologica l packages 
1978/ 1979 (n=11 ) 

-0.9° Low cos t 1 48 
Med iu m cos t 17 165 0.7 
High cos t 53 252 3.1 

1979/ 1980 (n=20) 
Low cost 8 10 20. 2 
M ed ium cos t 32 306 2.2 
High cost 59 457 2.8 

Single facto rs 
Insect co ntrol (n=5) 16 48 7. 1 
Fert i l iza tio n (n=4) 17 70 4.0 
Im proved seed (n=5) 17 223 -o.2° 
Sources : Franco et al. (1980, 1981). 

"Average increases in yield and cost are in re lat ion to the farmer 's tech nology (contro l treatm ent) for each 
experiment. Benefit/ cost ratio is defined as (change in net returns - change in cost) / change in cost. 

hBenefit/cost ra tio is negative because cost increased but net returns decreased. 

eval uating recommended techno logies unde r fa rmers' conditi ons. In con­
sultation with local production specia lists, three packages were designed. A 
" low-cost package" was designed to increase yields and net returns without 
increasing costs and financial risks and " medium " and " hi gh-cost" pack­
ages were designed to increase yields and net returns more signifi cant ly but 
at h igher costs and risks to the farmer. Each of the packages included three 
reco mmended practices, the effects of whi ch were believed to be comp le­
mentary : improved seed , fertilization, and pest control. The levels and cost 
of these elements va ried between the three packages. Perfo rmance of the 
individual e lements of the packages was studied in single-facto r tria ls in 
1978/ 1979. 

The package trials employed re latively large land parcels (150 m 2) with no 
replicatio ns. Single-factor trials used smal ler parcels (75 m 2) with two rep li­
cations. In all trials , the farme r's technology was used as the contro l 
trea tm ent and all nonexperime ntal factors were kept at the fa rmer leve l. 
Based on the results of the first yea r's trial s, package designs we re modified 
somewhat for the 1979/ 1980 tria ls and single-facto r trials were replaced by a 
fa ctor ial des ign.9 

The on-farm trials and subsequent evaluation of farmer adoption in the 
area revealed four problems w ith the technological package approach : 
results were poorer tha n expected ; an optima l package could not be iden­
tified ; o ne key element of the packages performed poorly ; and farmers d id 
not adopt the packages. 

On average, the high-cost package increased yie ld s by 50-60% ove r the 
farmers ' current level , the medium-cost package increased yie lds by 20-30%, 
and the low-cost package yielded about the sa me as the farmers ' estab lished 
tech no logy (Tabl e 7). Th ese resul ts were disappointing to production spe ­
cia lists who expected a doubling or tripling in yie lds. 

9Qesigns and res ul ts of the o n- farm ex perim ents are d eta il ed in Franco et al. (1980, 1981 ). 
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As ind ica ted in Fi g. 7, experimental resu lts va ried wide ly ac ross fa rms. 
Withi n th e intermed iate zone, fa rmers' yields ranged from less th an 5 t/ ha 
to nea rl y 30 t/ ha and th e packages yie lded fro m about 5 t/ ha to mo re th an 
40 t/ ha. These di verse yield levels refl ect va ri ati o ns in soi l fert ility and 
weather cond iti o ns w ithin the zone, coupled wit h d ifferences in farmers' 
management pract ices (e .g., variety, tillage, and rotation). Clea rl y, no single 
package represented an econo mic optimum under th e d iverse fa rmin g 
condit ions o f thi s sin gle agroeco log ica l zone. 

Figure 7 illustrates graphically the ri sk of determi ni ng farmer recom men­
datio ns based on agg regate, or average, resul ts o f o n-farm trial s. Behind 
such ave rages ca n be concea led an ex t re mely hi gh degree of va ri abilit y. In 
thi s context, it is in teres tin g to note that in convent ional statistica l terms the 
average yie lds of th e med iu m- and high-cost packages were signi fica ntl y 
higher than th e average farmers' yield (a t the 5% leve l of signif ica nce). 

If more ca re had bee n taken in delimiting the zones o r if numerous 
smaller " recommenda ti o n domai ns" (Perrin et al. 1976; Byerlee et al. 1980) 
had been ident if ied , thi s va riabi li ty might have been reduced . However, 
p recision in zonin g is costly. Hence, the va ri ability shown in Fi g. 7 illustrates 
a real p roblem fa ced by researchers and ex tensio ni sts wo rking in moun­
tainous areas. 

As noted ea rli er, one of the j ustifica ti ons fo r the tech no log ica l-package 
approach is th e generall y accepted agron o mi c principle that the combin ed 
effect on yield of several improved practi ces app lied togethe r is grea ter 
than the sum of th e effects of each appli ed alo ne. Resu lts of o n-fa rm tri als in 
Mantaro Va ll ey illustrate how thi s princip le may be misleading in th e 
contex t of ag ri cultural ex tensio n. In th e experiments, the comb ined effec t 
o n yield o f recommended seed , fer tili za ti o n, and insect contro l was sli ght ly 
greater than the sum of th e effects of th e ind ivid ual practices. However, 
economic analys is showed that adopti o n of ei th er th e recommended insect 
contro l o r fertili zati on, alone, offe red farmers hi gher rates o f return th an 
adoption o f th e com plete package (Tab le 7) . 

The packages had o ne ve ry weak compo nent- imp roved seed -the use 
o f whi ch actu ally reduced net fa rm ea rnin gs. It is interest ing to note th at 
"i mproved seed" was th e techno logy th at most product ion specialists con­
sidered to be th e sin gle m ost importa nt component of t he packages. Hence, 
assumptions about th e relat ive impo rtance of product ion constrain ts and 
th e economic viability o f altern at ive techno log ies proved to be inco rrect. 

Surveys conducted afte r the experim ents ind ica te th at, although fa rm ers 
are now using ce rtain recom mended pract ices, they have not adopted the 
complete techno log ica l packages. 

The Concept of Improved Seed 

Poor seed quali ty has been identified by many agr icul tura l experts as th e 
most cri tica l facto r limi t in g crop yields in developing cou ntr ies. Fo r ex­
ample, Vi ll areal (1980) states that " no input in th e p rod uct ion o f crops gives 
greater res ul ts wi th less effo rt than good seed ." Seed quality is considered to 
be a mo re serio us prob lem w ith potatoes th an w ith most other crops d ue to 
the transmiss ion o f virus d iseases in seed tu bers (CIP 1974) . A rece nt pu b li­
cation on potatoes in Peru states that 100% of Peru vian native potatoes are 
in fected with virus di seases (Fl o res et al. 1980). Establishment of a viable 
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Q, farmer practice; .A. , low-cos t package; . , medium-cost package; e, high-cost package. 
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Tabl e 8. Observed symptoms of virus diseases, farmers' avera ge seed size, and percentage o f 
farm ers using their own seed. 

Perce ntage using own seed 

Plants w ith virus symptoms (93) 

Average seed size (g) 

Large 
farm 

68 

ources: Horton et al. (1980); Franco et al. (1980, 1981). 

Low zone 

Med ium 
fa rm 

53 

23 

47 

Small Intermediate and 
farm high zones 

38 73 

7 

43 

Non: Observations o f virus symptoms and measuremen ts o f seed size were made in 12 fields in the low 
zone and 70 fie lds in the intermediate and high zones. Estimates are not available for large farms. 

seed-certi fi ca tion sys tem has been a high priority of Peru 's Nationa l Potato 
Program for yea rs. 

Mantaro Valle y farmers often consume o r se ll th eir largest potatoes and 
keep smaller tubers for seed . Product ion specialists fa ult this practi ce on th e 
grounds th at planting small tubers increa ses the spread of vi ru s diseases and 
reduces yie lds. It is general ly believed that if small-sca le farmers wou ld use 
certified o r " improved" seed they could substanti all y increase th eir yield 
and income. 

Surveys and on-farm experiments indi cate that farmers ' seed is not as bad 
as it is generall y assumed to be and that for most fa rmers the use of prese ntly 
ava ilable " improved" seed is uneconomica l. Data recorded from farm-level 
experi ments indicate that yie ld-red ucing viru s di seases are not as common 
as previously assumed (Tab le 8). Th ere are two important reason s for thi s. 
First, fa rm ers' native vari et ies are not as severely affected by yie ld-red ucing 
virus diseases as are most modern varieties . Second, farmers ' seed manage­
ment practi ces tend to minimize th e spreading of viruses. 

O ver a period of centuries, Andea n fa rm ers have developed soph isti cat­
ed " informal " seed networks and management practi ces to cope with lo ca l 
diseases, including vi ru ses. Farmers seldom plant seed tubers harvested 
from one crop in the same field the next yea r. Instead , they plant their seed 
in another of th eir own fi elds or exchange the seed with neighbours. 
Farmers ge nera ll y se lect the fields from whi ch they will keep seed based on 
the vigour and yield of th e crop and th e appearan ce of harvested tubers. 
When th ey cons ider th e seed stock to be " degenerated ," they consume or 
se ll the harves t and acq uire new seed. In th e low zon e, w here virus infecti on 
is grea test, farm ers replace their seed stock more often th an farmers in the 
higher zones. Farmers also know w here to acqui re good seed, i .e., from 
higher areas where vi ru s in fectio n is lower (Monares 1981 ). 10 

In on-farm ex periments, the use of improved seed increased yie lds o n 
ave rage by 15-20%. Due to the hi gh cost of the improved seed, howeve r, its 
use redu ced farmers' net returns below th e level obtained when using th eir 
own seed (Tab le 8) . 

10An extensive description of farmers ' seed management pra cti ces and informal seed net­
works in ce ntral and southern Peru is in draft form (Franco 1983). 
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The Technology-Transfer Paradigm 

In the conventiona l research-transfer paradigm, new agri cu ltural tech­
nology is developed by resea rchers in laboratories and experimental 
stations and then " transferred " via ex ten sion servi ces to passively recipient 
farmers (Wh yte 1981 ). Some very optimisti c and sweepi ng statements have 
been made conce rning the amount of demonstrated techno logy awaiting 
transfer to needy farmers in developing coun tri es. A special issue of Scien­
tifi c America n (1976), dedicated to food and agriculture, provides an 
example. 

By conservative estimates, present ly demonstrated agricult ural tech­
nology, if applied to all land now in culti va tion co uld support a world 
population of 45 billion ... . Th e transfer of modern agricultural tech­
nology from deve loped to underdeveloped cou ntri es is ga th erin g 
perceptible momentum. 

Based upon the assumption that developed countries and research 
cent res have generated a large stock of appropriate techno logy, interna­
tional development agenci es are now looking for ways to speed up the 
transfer of research results to farmers. The " training and vis it" extension 
system, promoted by the W o rld Bank and implemented in over 50 develop­
ing countries, is based on the view that extension of known practices, with 
little or no local testing, can substantially and rapidly increase farmers ' 
yie lds. A World Bank publicat ion states: 

The extension serv ices ca n tak e advantage of th e gaps between ex isti ng 
agricultural practices and the backlog of research findings which already 
ex ist but which have not ye t reached the farmers. Such gaps are now 
large .... Since these practi ces are normall y quite wel l known and 
tested, they ca n be fed into the extension service quickly without re­
qu iring an elaborate, time-consumin g screening and tr ial process 
(Beno r and Harrison 1977). 

In the Mantaro Valley Project, two things become clear: first, that there 
was little "demonstrated technology" that cou ld be transferred directly to 
farmers without local refinement or adaptive research ; and second, that 
farme rs are not passive recipients of recommended technologies but active 
researchers and developers in their own right. 

In contrast to this optimism concerning th e transferability of superior 
technology stands the failure of many extension programs (Rice 1974) and 
the disrespect shown by many farmers for extension agents who, in the 
farmers' view, offer little or no technology that is viable under practical 
farming conditions. 

Within the framework of the Mantaro Valley Project, an extension cam­
paign was not conducted; however, many farmers showed an active interest 
in the research and began app lying some of the practices tested on their 
farms. A 1982 survey of adoption indicated that very few of the farmers who 
tested technological packages adopted them, but more than half of the 
farmers reported taking advantage of one or more of the component tech­
nologies. In general , they adopted low-cost practices, such as the use of 
diffused-light seed storage, the se lection of healthy seed , and improved 
insect-control measures. Very few began using costly ce rtified seed or 
recommended fertilization leve ls (Tabl e 9) . 

In most cases, far mers did not " adopt" the practices tested but " adapted" 
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Table 9. Percentage of farmers adopting the pradices tested o n their farm s. 

Not Number of 
Ad opted adopted observations 

Techno logica l packages 12 88 24 

Seed management practices 
Diffused -li ght sto rage 58 42 19 
Pl ant ing one large tuber per hill 36 64 28 
Selecting hea lthy seed 56 44 18 
Using certifi ed seed 20 80 15 

Fertilization practi ces 
Recommended levels 17 83 30 
Split N appli cat ion 29 71 31 

Insect-contro l measures · 
Folia r appl ica ti on 43 57 30 
Soi l appli ca t io n 60 40 30 

them to fit th eir specifi c needs. The most striking illust ration of fa rm er 
adaptation of a technology is that of diffused- li ght seed sto rage. This tech­
nique, w hich invo lves exposing sto red seed potatoes to indirect sunlight to 
retard sprout elongation and green the skin, was tested on a number of 
farms by th e postharvest team. In 16 trial s, the ave ra ge yiel d increase resu lt­
in g from sto rin g seed in diffused light, rath er tha n in farmers ' dark stores, 
was 20% (Booth et al. 1983). Careful observation indi ca tes that " farmers d id 
not copy th e model store but bega n applying the principle of d iffused -li ght 
storage in a wid e range of innovative ways." Hence, th e tech no logy, as a 
phys ical entity or precise recommendation , was not transferred to fa rm ers. 
Instead, farmers understanding the prin cipl e app lied it to suit their needs. 
In most cases, rather than build ing an elabora te new store, th e farm er 
modified ex isting sto res to incorpo rate the diffused-light principle. The 
same type of farmer adaptation , with respect to seed-storage techno lo­
gy, has been observed in a number of other countri es (Rhoades et al. 1983; 
Potts 1983). 
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V. METHODOLOGICAL 
LESSONS 

Farmer's (control) treatment in an inte rm ediate-zone tria l. 
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In this chapter, the emphasis wi ll shift from the empirical research resul ts 
discussed in the previous chapter to the methodological lessons lear11ed 
from the project. These have proven to be of importance to CIP's research 
and training program and it is felt that they may also be of value to other 
institutions - nationa l or internationa l - embark ing on interd isciplinary 
farm-leve l research. Five general lessons are discussed: difficulties with on­
farm research ; benefits of interdisciplinary research ; value of informal 
surveys and simple on-farm trials ; contributi ons of social scientists; and 
extrapolat io n of research results. 

Readers interested in more specific methodolog ical lessons concern ing 
farm surveys and on-farm experimentation should consult the reports and 
training documents listed in the Appendix. 

Difficulties with On-Farm Research 

When the Mantaro Valley Project began in 1977, the complexity of and 
difficulty wit h the proposed farm-leve l research was underestimated. On 
the other hand , th e va lue of th e resu lts that wou ld be obtained was also 
underestimated. The difficulty with and expense of the research resulted 
from two main factors: (1) conventional disciplina ry boundaries sepa ratin g 
the natura l and socia l scientists, as we ll as scientists within these two groups, 
and (2) log istica l problems related to conduct ing farm surveys and experi­
ments in the Andes. 

Disciplinary Barriers 

CIP's research organization , with its problem-oriented thrusts, faci litates 
interaction and teamwork involving scientists of different discipl ines. 
Nevertheless, in the Mantaro Valley Project it became clear that sc ientifi c 
specialization along di sciplinary lines posed signif icant barriers to effect ive 
interdiscip linary research. 

Communication 
Specialization limits both the motivation and ability of scient ists to com­

municate across d isciplin es. It was found, fo r example, that the term 
" improved seed" mea nt very different things to plant patho log ists, physi­
ologists, and economists. To pathologists, it meant disease-free seed; to 
ph ys iologists it meant seed with higher yielding capacity. To economists, an 
" improved " seed was o ne which increased th e farmers ' net returns. During 
the cou rse of th e project, many time- and energy-consuming d iscuss ions 
and disagreements resulted from problems of commun ication. At the same 
time, however, cross-d iscip linary dialogue helped to clarify importan t 
concepts and ideas. When the term " improved seed" is now used, scientists 
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of various disciplines are mu ch more cogni zant o f its many facets than they 
were in the past. Th ey rea li ze that fo r a seed -improvement program to 
work, the seed produced must be better than the farmers' own seed based 
on the farmers ' criteria of quality. 

Professional Incentives 
The present system of professional incent ives was also found to in hibit 

interdiscip linary teamwork . This prob lem was especially critical in the case 
of universit y students and young professionals concerned with improving 
th eir professional statu re through publication of their research results. As a 
rul e, university thesis committees do not look favo urably upon interd isc i­
plinary research projects aimed at so lvi ng practica l problems . Attainment of 
" high scientifi c sta ndards" generally requires students to use sophisticated 
procedures th at are often not suitable for use at the farm level. Hence, the 
quest for conventionally defined scientifi c rigou r comes at the expense of 
relevance. Th e following two examp les illustra te this point. 

In one case, an agro nomy stude nt found that she cou ld not use on-farm 
experiments for her thesis research because her com mittee required an 
experimental design of such com plexity that it wou ld not have been feasible 
to conduct the experiment in a farmer's field. It is in teresti ng to note that 
even if the experiment had been conducted it would have been of littl e 
va lue to the interdisciplinary resea rch team beca use there would have been 
no way to gauge the fa rmer's eval uation of the technology under stud y. Th e 
experiment would have been too complex to be managed or understood by 
the farmer. In th e second case, the thesis comm ittee of an economics stu­
dent rejected his proposal to ana lyze a farming system using simple ("o ld 
fashioned") whole-farm budgeting procedures and insisted upon the use of 
compute ri zed linea r programi ng. Impl ementation of the linear-progra m­
ing model was ve ry complex and cost ly in terms o f computer time. As a 
result, the student simpli fied the model to such an extent that it had littl e 
practical relevance to the problem under stud y. 

Thus, experience indicates that agricultural research inst itu tes with 
commod ity or fa rming-systems programs provide an organizational stru c­
ture and incentives that are more conducive to interdi sc iplinary research 
than is the case in most universities. 

Mutual Respect and Joint Decision-Making 
A third critical aspect of interdisciplinary teamwork is the need for m utual 

respect among profess io nals of different di sc iplines. Experience has shown 
that the product ivity of in terdisciplinary teamwork depends upon the ex­
tent to which team members of different disciplines function as eq ual 
partners with joint responsibility for the final product of the research . This 
requires th at scientists of rough ly the same calib re and expe rien ce be in­
volved . This is particu larly difficult to achieve in many national research 
institutes where socia l scient ists tend to be few in number, young, and 
inexper ien ced. If members of one discipline are cast in the rol e of assistants 
to members of other d isciplines, little can be expected from the joint effort. 

Transportation and Logistics 

Car rying out field research in mountainous areas such as the Andes is 
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extremely demanding in terms of transportation and logist ica l suppo rt. The 
trip from Lima to th e Mantaro Va lley takes about 6 hours in good weather o n 
a road that goes from th e coast to over 4800 m as l. Du rin g the rain y season, 
the trip is ext remely hazardous and may take many hours (or days) . Within 
the va ll ey, d istan ces are also great and publi c transportation is poor. For thi s 
reason, even though the project had three vehicles, it was impossible to 
maintain a sched ule of week ly interviews with 30 fa rmers during th e 
multiple-visit survey. Du e to the fact th at in most of the deve loping world 
potatoes are grown in mountaino us enviro nments, programs initi ati ng 
farm- level resea rch with potatoes shou ld anti cipate high transportation 
costs if a signi ficant number of farme rs are to be interviewed o r farm -l evel 
experiments are to be cond ucted. Unl ess adeq uate resources are provided 
for transportat io n and field staff, the quali ty of the information obtained w ill 
suffer. 

As a fi nal point, it is important to recognize that o n- farm resea rch req uires 
a mix of resources that is radi ca ll y different from that required for conve n­
tional ag ri cultural research. Most develop ing countries now have ag ri cul ­
tural resea rch institutes th at have substantial investments in laboratory and 
exper imental stat io n facilities . However, th ese inst itutes often have severe 
budgetary limitat ions fo r operating expenses. Farm-l evel research requires 
little ca pital (as ide from vehicles and, perhaps, computer eq uipment) but 
relatively heavy expenditures fo r trave l, per diems, and tempora ry person­
ne l for conducting surveys and on-fa rm experim ents. Th ese resources are in 
short supply in most developing-country resea rch institutes. 

Benefits of Interdisciplinary Research 

In the Mantaro Val ley Project and subsequent co ll aborative resea rch with 
biological scientists in th e Sou rce Resea rch Program and in regiona l and 
nationa l programs, CIP socia l sc ientists have worked in three areas: (1) 
ex post eva luation of technology, (2) facilitating techno logy transfer, and (3) 
generation of technology. These three types of research and their benefits 
are illustrated by: (1) th e research condu cted on seed sys tems, (2) the 
" optim izi ng potato productivity" approach, and (3) development and 
appli ca tion of th e " farmer-back -to-farmer model" respect ively. 

Research on Seed Technologies and Programs 

Th e role of the socia l scientist as an ex pos t eva luator is a familiar one. 
Howeve r, th e use of such eva luations to improve the effec tiveness of 
research and development programs (feed back) has se ldom been explo ited 
and even less often documented . Farm-leve l resea rch on seed potatoes 
demonstrates how ex post eva luati o ns can be used to improve th e perfo r­
mance of seed programs. On-fa rm experim ents in Peru , Colombia, and 
Ecuado r indicated th at farmer use of local ly ava ilabl e " improved seed " was 
not profitab le. As would be expected , thi s " negati ve" research result was 
initi ally rejected by biological scientists and national program leaders. Th e 
survey and experimenta l methods used in the research ca me under 
unusua lly close review and severe criti cism . As supporting evide nce was 
obtained, however, biologists became more deep ly invo lved in th e 
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research and the reasons - technica l and socioeconomic - for the poor 
performance of the improved seed became known, the results became 
accepted , and , more importantly , means were sought to improve the des ign 
and performance of future seed programs . 

In th e design of new seed sys tems, socia l sc ientists have made two main 
types of contributions. They have provided expert ise in planning and con­
ducti ng surveys and fa rm-l eve l experim ents that help determine farmers ' 
needs and the potential demand for cert ifi ed seed. Such work has now been 
done in a number of countri es in clu ding Ch il e, Co lo mbia , Ecuador, Peru , 
Rwanda , and Tunisia . Their second contribut ion is that they have worked 
with biological scientists in devising seed schemes that comp lement, rather 
than compete with, farmers ' existi ng seed systems . This in put is illustrated 
by a seed -product io n program initiated in Peru in 1983 wit h CIP technical 
assistance. The first phase of this project ' s implementation was a detailed 
diagnostic survey of farmers ' seed-management practices and " informal " 
seed networks (Franco 1983). The project team is now usi ng these survey 
results to select varieties to be multipli ed, areas for mult ipli ca tion , and 
potential farmer co llaborators, and to establ ish a system fo r monitoring and 
eva lu at ing seed prod uced by the project and measuring the project's impact. 

The Optimizing Potato Productivity Approach 

The "optimizing potato productivity" (OPP) approach , tested and im p le­
mented in the Mantaro Valley and in CIP's reg ional programs, aims to 
improve the transfer of potato technology by providin g an intermediate 
step between the generation of technologies and their dissemination (Cort­
baoui 1980). Th e ultimate goal is to identify production and postharves t 

Establishing a seedbed in an on-farm trial utilizing true potato seed. 
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technologies that farmers can profitably inco rporate into thei r production 
systems. The two basic assumptions of this approach are that to be adopted a 
technology must (1) be appropriate for the needs and resources of farmers 
and (2) increase returns enough to cove r the costs and risks associated with 
its adoption. Idea lly, this research shou ld be cond ucted by interdisciplinary 
teams made up of social and biological scientists. 

In practice, most OPP work outside the Mantaro Valley has been carri ed 
out by production specialists previously sensiti zed to and trained in the 
socioeconom ic aspects of the approach. The OPP approach has been used 
by severa l developing-country programs, th e best documented case being 
the Philippines, where a production specia list was assigned to cond uct 
farm-leve l research in the mountainous potato-growing area of Northern 
Luzon (Potts 1983). Potts and his colleagues in the extension service quickly 
found that the extension effort was based on two false assumptions: (1) that 
farmers ' yie lds were less than 10 t/ ha and (2) that the recommended tech­
nological package could more than double yie lds and profits under most 
farmers ' conditions. A careful survey demonstrated, however, that farmers' 
yields averaged 25 t / ha and on-farm trials showed that the complex, recom­
mended technological package (with over 20 different elements) was both 
unworkable and uneconomical. Farmers did , however, adopt the improved 
seed-storage pract ices introduced into the area by Cl P through the National 
Potato Program (Rhoades et al. 1983). 

OPP work in Rwanda is less well documented than in the Philippines but it 
is, perhaps, more signifi cant because the potato program in Rwanda (Pro­
gramme National d 'Amelioration de la Pomme de Terre (PNAP)) is based 
entirely on this fa rmer-ori ented research approach . Informal farmer sur­
veys and observations that began in 1979 guided PNAP in testing tech­
nological alternatives in farm-level trials. As a resu lt of the effectiveness of 
this approach, PNAP is now considered to be one of the most successful 
commod ity-improvement programs in Central Africa . 

The Farmer-Back-To-Farmer Model 

Based on their experien ces in development and dissemination of post­
harvest technology in the Mantaro Valley and elsewhere, the postharvest 
team formulated the "farmer-back-to-fa rmer" model for generating and 
transferring agricultural technology (Rhoades and Booth 1982b). This model 
is based on the assu mption that, to be effect ive, applied agricultural 
research and transfer should begin and end with the farmer and involve 
interdisciplinary teamwork in all phases of a contin uous research / diffusion 
process. Although the model was developed during the adaptation of seed­
storage principles to the requirements of resource-poor farmers, it is equal­
ly applicable to other areas of applied agricultural research. The model 
consists of a series of goals aimed at achieving acceptable so lutions to 
farmers' problems that are linked in a circular form by a number of activities 
(labeled 1-4 on Fig. 8). 

A proper diagnosis of problems (activity 1) is essential for efficient use of 
research resources. Initially, this may require that social and biological 
scientists make independent observations and studies. Subsequently, 
through a process of interdiscip linary dialogue and interaction with 
farmers, often characterized by debate and " constructive conflict," the dif-
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Solution 
better 

adapted 
to 

farmer's 
problem 

4. 

Basic disciplinary research 

Basic disciplinary 
research 

Applied disciplinary research 
about farmer's 

problem 

about farmer's 
problem 

1. 

Common 
definition 
of 
fa rm er's 
problem 

Cl . . 3. 2. 

Potential solution 
to farmer' s problem 

Activities 

1 . Diagnosis of farmer' s problem 

2 . Interdisciplinary team research to solve 
farmer' s problem 

3. On-farm testing and adaptation 

4. Farmer evaluation 

Goa ls 

Common definition of problem by farmers 
and scient ists 

Identify and develop a potentia l solution to 
the problem 

Better adapt the proposed solution to 
farmer's conditions 

Understanding farmer acceptance or rejec­
tion of solution 

Fig. 8. Farmer-back-to-farmer - a model for generating acceptable technology (adapted from 
Rh oades and Booth 1982b). 
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fe rent d iagnoses of social and techno log ica l perspectives are b rought 
together to arri ve at a commo n defini t io n of th e problem . During thi s 
phase, team members begin interdi sciplinary resea rch (act ivity 2) in an at­
tempt to develop potent ia l so lut io ns to the problem. Armed w ith a poten­
ti al so luti on, th e team p roceeds, as in th e OPP approach, to the tes tin g and 
adapta ti on (acti v ity 3) ph ase, usuall y started at th e resea rch sta ti o n and fo l­
lowed by on- fa rm tes ting. In cooperati o n wit h the fa rmer, po ten ti al so lu­
ti o ns are compared with ex istin g farmin g pract ices. It may be necessa ry to 
repea t stages 2 and 3 (research, tes tin g, and ada ptat ion ) severa l t imes befo re 
reaching a soluti on adapted to th e farm er's needs and reso urce endow­
ment. The farmers, in cooperati on w ith sc ientists, make a fin al eva luat io n 
(act ivity 4) of the techno logy under ex isting fa rm conditions using th eir own 
resources and management. Eve ntually, the fa rmer accepts o r rejects th e 
techno logy. If rejected , furth er research determin es the reason for rejec­
tion and may find ways to improve th e performa nce and acceptability o f the 
techno logy. If th e techno logy is accepted and used by fa rmers, scientists 
moni to r th e farmers' mod ificat io ns, w hich ca n often be incorporated into 
proto types for introductio n elsewhere. Th e im pact of the technology is also 
monito red to determin e if and how it is benefi cial fo r fa rmers and con­
sumers. 

Th e fa rm er-back-to- fa rmer model is the foc us o f CIP sto rage courses. 
Altho ugh complete monito rin g o f farm er adoption has not been poss ible, it 
is known th at the sto rage pr incip les have been adopted by large numbers of 
fa rmers in Peru , Co lombia, Gua temala, Sri Lan ka, and the Philippines. Th e 
sto rage case illustrates how ea rl y and continuous inpu t fro m social sc ientists 
ca n contribute to th e effi cient development and di ssem ina ti on o f techno l­
ogies adapted to the needs and resources of small-sca le fa rmers. 

Value of Informal Surveys and Simple On-Farm Trials 

Surveys 

Wh en micro leve l info rmati o n is needed fo r planning o r eva luating devel­
o pment programs, fo rm al ques ti o nnaires are usuall y app li ed. Experi ence 
w ith a ran ge of survey procedures has led to th e concl usion that, in many 
cases, informal surveys o r sondeos, as described b y Hildebrand (1981 ) and 
Rh oades (1982), are more time and cost effect ive th an forma l survey techni ­
ques. Thi s is not to say th at fo rm al survey techniques are no longer used o r 
recommended, but it is beli eved th at informal surveys have fa r grea ter va lu e 
fo r research and development p rog rams th an has bee n rea li zed to date. 

At thi s point, it is important to cla rify wh at is meant by in fo rmal surveys o r 
sondeos. Th ey may have many purposes and use d iffere nt proced ures, 
depend ing upon th e goals, loca l conditi o ns, and resou rces ava il ab le. Th eir 
common elements, however, are th at (1) th ey are prob lem o ri ented ; (2) 
th ey emp loy in fo rmal conve rsat io ns rath er than w ritten questionnaires; (3) 
th ey are idea lly conducted by in terdi sc ipl inary tea ms; and (4) as th e survey 
evo lves, th e team focuses increasingly upon specifi c pro blem areas. 

In w hat is beli eved to be the idea l fa rm-l eve l resea rch sequence , an in ter­
di sc iplinary team first cond ucts an informal survey of fa rm ers, market 
agents, ministry o ffi cial s, and o th er key in fo rmants. Th is ph ase o f th e re­
sea rch is des igned to identi fy majo r ag roeco logica l zones and farm types 
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and establ ish tentative rankings of production problems and potential solu­
tions. The informal survey is the n fo llowed by a single-visit survey of farm­
ers, which is focused on the key tech nologi cal and socioeconomic areas 
identif ied in the informal survey. Both of these surveys should be com­
pleted within a relat ive ly sho rt pe riod of time, leading up to the plan ning 
and in sta llation of o n-farm ex periments. A m ultipl e-visit survey of farmer 
co llaborators and their neighbours is then conducted duri ng the execution 
of the on-farm tria ls. 

In co ll aborative research projects with nat ional instit utes, it has been 
noted tha t most resea rchers, i.e., both social and bio logical scientists, have a 
strong preference for fo rmal questionnaire surveys over the informal survey 
approach. Th ey genera ll y believe that the " hard " data ge nerated from a 
questionnai re is more va li d and usefu l than the impressionist ic resul ts of an 
informal survey. 

Severa l problems have been noted with quest ionnaires that ca n be avoid­
ed with informal surveys. First, there is a tendency to produce the question­
naire in the office and delegate to hired en umerato rs o r extensionists re­
sponsibility for co nductin g the fie ldwork . Often, th e data gathered are of 
poor quality and do not provide a so lid basis for pl anning o n-fa rm trials. In 
many cases, better results cou ld have been obtained if the project leaders 
had spent a few days in the fie ld .11 Second , in multidi sc iplinary projects, 
responsibi lity for quest ionnaire surveys is often delegated to social scie ntists 
who have little understanding of production technol ogy. Hence, the survey 
resu lts are too genera l to be usefu l to p roductio n specialists o r data have not 
been obtai ned on key technical varia bl es. Third , timely planning and imple­
mentation of forma l surveys and analysis of the results ca n be extremely 
time consuming. Resea rchers ca n easily lose enthusiasm for a questi onnai re 
survey if the results are not ready in tim e for plant ing the next season 's crop. 
A major advantage of the informal survey is that it can be conducted and 
analyzed quickly, al lowing experim ents to be insta ll ed before the on-farm 
research program loses momentum. 

A fina l very importa nt but se ld om appreciated point is that the interac­
tion of researchers ca rryi ng out the informal survey ini tiates or helps con­
so lidate a spirit of cooperation and understanding among sc ientists and 
with far mers . 

On-Farm Trials 

A number of types of t ri als have been proposed for on-fa rm resea rch 
ranging from complex, replicated factorial tria ls (De Datta et al. 1978) to 
simp le demonstrations. Although most farming-systems researchers woul d 
agree that some attempt should be made to compare alte rn ati ve techno lo­
gies with current farmers ' p ractices, there is no general agreement on how 
this should be ca rri ed out. In some cases, an attempt is made to simulate 
each of the farmer ' s practices in each trial. In others, some notio n of " aver­
age" or " representative " farmers' practices are in cluded in al l trials asa sta n­
dard co ntrol treatment. In other cases, th e results of the tech nology being 
tested are compared w ith the res ults in another part of the farme r's field that 
is outs ide of the experimental plot layout. 

11 A rece nt stud y by Franze l (1983) co ncludes that relati ve ly li ttl e is learn ed from a fo rm al 
questionnaire survey after a we ll -co nducted informal su rvey. 
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In the Mantaro Valley Project and subsequent on-farm resea rch, each of 
these va riants has been used , the conclusion being that each type of trial 
and each way of representing the fa rm er's current technology has a ro le to 
play in o n- farm research. In general , most tr ials are kept simp le and in each 
the farmer co llaborator manages the contro l treatment in the tr ial as much 
as possible. Thi s approach offers f ive adva ntages over the use of mo re 
conve ntional , rep l icated designs w ith un iform control treatments. (1) It 
forces the team to think hard , establ ish priorities, and focus research on 
what it considers to be the few most cr itica l factors to be improved . 
(2) Simple tri als are subject to lower measurement error, which is a major 
problem in on-farm work . (3) A research team ca n successfu ll y manage a 
larger number of simp le trials than complex ones. In most on-fa rm research 
situations, this is desirab le (Gomez 1977). (4) Because complex, replicated 
trials take more field space than sma ll trials and requ ire closer management 
on the part of resea rchers, their use encourages research teams to work with 
relatively large-sca le fa rmers whose fields are easi ly reached by road. For a 
number of reasons, th e results of trials on these fields may not reflect the 
performance of technology on sma ll fa rms loca ted in more isolated areas. 
(5) Most farmers find it difficult to understand comp lex trials. Hence, to the 
extent that farmers ' perceptions of technology are sought, tria ls should be 
kept sim p le. 

A research program needs a range of types of experiments of varying 
comp lexity. However, in the resea rch process complex trials should not 
necessarily come first and simple ones later, when the basic technology is 
" worked out" and ready for "packaging" or "transfer. " In recent research 
with an entirely new technology, true potato seed (TPS), for example, some 
very simp le on-farm trials have provided researchers with crucial informa­
tion for or ienting on-station work. Initiall y, it was believed that hetero­
gene ity of tuber co lour, shape, and other characte ri st ics wou ld be a major 
factor limitin g the farmer 's use of TPS. Early fa rmer react ion, however, indi­
cated that seed lin g vigour was a much more important problem. Thi s infor­
mation has helped guide research at CIP and in national instituti o ns. 

Contributions of Social Scientists 

A number of widely circu lated publications o n farming-syste ms resea rch 
consider economists as necessary team members, whereas anthropo log ists 
and other social scientists are unnecessa ry or may merely be consulted 
when sociocu ltural problems need specia l attention (CG IAR 1978; 
CIMMYT 1981). 

Exper ience from the Mantaro Va l ley Project does not support this view, 
however, and anthropologi sts' contri but ions to interd isciplinary tea ms 
were found to be no less important than those of economists or biolog ica l 
scientists. Th e holistic ecological framework and rapid, effective survey 
methods employed by the researchers were extremely useful throughout 
the resea rch process . The publi cat ion by Mayer (1979) on land use in the 
Andes and the farmer-back-to-fa rmer model developed by R. Rh oades and 
R.W. Werge (a nthropologists) in co ll aboration w ith R.H . Booth (patho lo­
gist) and R. Shaw (phys io logist) rep resent two extremely valuab le contri bu­
tions to farming-systems li teratu re. A comprehensive statement on the role 
of anthropologists at CIP is in preparation (Rhoades 1983). 
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Extrapolation of Research Results 

As noted earlier, a common argument against fa rm -level research by the 
international centres is that the results are location specific. Prior to the 
Mantaro Valley Project and subsequent involvement with regional and 
national programs on farm-l evel research , there was no evidence to support 
or refute this point. It was found, however, that many of the results of the 
Mantaro Valley research - both empiri cal and methodological - were 
va lid for other developing areas as well. 

It is significant that the empiri cal evidence generated in the Mantaro 
Vall ey, with respect to th e small-scale farmer, technological packages, and 
technology transfer, has been found to be relevant to Cl P's work through­
out the developing world. This is not to say that seed-potato programs have 
not worked an ywhere, but in most developing areas they have encountered 
problems because the seed distributed was not always clear ly superior to 
the seed available from existing sources. As wel l, it does not mean that tech­
nologi cal packages never work or are never adopted by farmers, but to date 
there are extremely few cases in which packages have bee n adopted suc­
cessfully .12 

In the realm of methodology, it has been found that the farmer-back-to­
farmer approach, first applied to storage problems in Mantaro Valley, is 
equally val id for other research problems. CIP is now using this model in its 
program to develop and transfer technology fo r producing potatoes from 
true, or botanical , seed (Monares et al. 1983) . The concepts " agroecologica l 
zone" and " farm type," which were found to be usefu l for grouping potato 
farmers , understanding their farmi ng systems, and evaluating alternat ive 
technologies, were later found to be equally valid in other research sites 
ranging from Yurimaguas in the Peru vian jungle (Bidegaray 1981) to 
Mountain Province in the Philippines (Potts 1983). 

The research results that were fo und to be difficult to extrapo late were 
the estimated optimal levels and combinations of inputs. The optimal point 
on a given production function is highly locat ion specific and can be 
expected to vary greatly over both space and time. For this reason, farmers 
reach their decisions on input levels on the basis of their own experimenta-

12Given th e high res ponse of dwarf wheat an d ri ce va ri eti es an d th e fact that fa rmers 
adopting th e new va rieti es also increased th eir use o f chemical fert i li ze r, it has become co n­
ven ti onal wisdom that no single in novation is likely to be ado pted by culti va to rs unless co m­
pl ementary inputs are also provided in a " pa ckag e. " As earl y as 1971, howeve r, IRRI economist 
Rando lph Bark er noted that " the so-ca ll ed pa ckage of inputs (including the seed itse lf) is stil l 
ve ry much in th e development stage . . .. Eve n at present, it is difficult to describe a precise 
package of inputs associa ted w ith the high-yielding va ri eties" (Barker 1971). Late r IRRI stu d ies 
documented that fa rmers we re not adopting co mp lete packages and that t hey were appl yi ng 
m uch less fe rtili ze r than the leve ls p redi cte d by either agronomi c o r economic analys is (I RRI 
1978). CIMMYT eco no mist Do nald Wi nkelmann noted in 1976 that farmers were not ado pting 
improved wh eat and maize techno logies as a package (Winkelmann 1976a,b ). Based on 
extensive f ieldwork in Tu rkey, Rockefell er Foundat io n economist Ch arl es Mann co ncluded 
th at fa rm ers were adopting improved wh eat practi ces in a sequence, depending on their 
expected benefi t/ cost rati o, rath er than as a co mplete package of practi ces (M ann 1978). 
Farmers have reportedly adopted technologica l packages w ith hybrid maize in Kenya but, as 
Gerhart (1975) notes, the cond itions su rrounding this ado ptio n were qui te unusual. Walker 
(1981 ) presents an interes ting perspecti ve on the pros and co ns of " package" versus " gradient " 
approaches. 
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tion. Th ey often select what both biologica l and social scientists perceive to 
be nonoptimal input levels, but a growing body of farming -sys tems litera­
ture and many exa mples from the current work indicate how such sub- or 
supraopt imali ty in one component of the fa rmin g system may be consistent 
with optima lity at the whol e-fa rm or household level. 

Present experience leads to the conclusion that applied research teams 
ca n maximize their contribution to development by discove rin g what 
principles ca n be applied to solve problems rather than attemptin g to deter­
mine optimal input leve ls and combinations. Unfortunately, most guide­
books on farming-systems or on-fa rm research offer procedures th at are 
des igned for est imatin g economica ll y optimal input quantities rather than 
for problem identifi ca tion or qualitative eval uation of alternative techno lo­
gies (Perr in et al. 1976; De Datta et al. 1978; Zandstra et al. 1981; Shaner et al. 
1982, Chapter 7). 

Specific cropp ing systems are highl y location specific. For this reason, 
there is littl e confi dence in research that aims to design new cropp ing 
systems. In agreement with Ruttan (1981 ), it is concluded that the main con­
tribution of interdi sciplinary farm -level resea rch is to provide info rmati o n 
on the need for, and va lu e of, improved components of exis ting fa rmin g 
systems. 
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Appendix: Additional Research Reports, 
Publications, and Training Documents Resulting 

from the Project 

Working Papers 
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15 p. 

Werge, R. 1979. The agricultural strategy of rura l households in three ecologica l zones of the Central 
Andes . International Potato Center (CIP), Lima , Peru , Working Paper 1979-4, 27 p. 

Training Documents 

Cortbaoui , R. 1981 . lnvestigaci6n a Nivel de Finca para Optimizar la Productividad de la Papa (Una 
Descripci6n del Enfoque Actual del CIP). Centro Internacional de la Papa (CIP), Lima, Peru , 
Documento de Entrenamiento 1981-1 , 10 p. 

1982. Optimizing potato productivity. Planning and implementing on-farm trials . International 
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1982 . Optimizing potato productivity. Evaluating and utilizing results of on-farm trials . In­
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Cortbaoui , R. and Booth , R. 1980. On-farm evaluation of seed stores. International Potato Center 
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1982 . Tips for planning fo rmal su rveys. International Potato Center (CIP), Lima, Peru, Training 
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Monares, A. 1980. lmplementac i6n de Experimentos en Campos de Agr icultores. Centro In­
ternacional de la Papa (CIP), Lima, Peru , Documento de Entrenamiento 1980-3, 13 p. 

1980. Analisis Econ6mico de la Producci6n y Uso de Semi Ila de Papa . Centro Internacional de 
la Papa (CIP), Lima , Peru , Documento de Entrenamiento 1980-4, 9 p. 

1980. Un Metodo de Evaluaci6n Econ6mica de Tecnologfas de Almacenamiento de Semi Ila de 
Papa . Centro Internacional de la Papa (CIP), Lima, Peru, Documento de Entrenam iento 1980-6, 
15 p. 

Rhoades, R. 1982 . Understand ing small farmers: Sociocultura l perspectives of experimenta l farm 
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tri als. International Potato Center (CI P), Lima, Peru , Training Document 1982-3 , 9 p. 
1983. El Arte de la Encuesta Informal Agrico la. Centro Internacional de la Papa (CIP), Lima , 

Peru , Documento de Entrenamiento 1982-7, 38 p. 
1983. Para Comprender a los Pequerios Agricultores: Perspect ivas Soc ioculturales de la ln­

vestigaci6n Agrfcol a. Centro Internaciona l de la Papa (CIP), Lima, Peru , Documento de Entrena­
miento 1982-8, 9 p. 

Werge, R. and Benavides, M . 1980. Investigation of fa rming in Peru by means of a multiple-v isit 
survey. International Potato Center (CI P), Lima, Peru , Training Document 1980-5 , 12 p. 

Special Publications and Monographs Issued by CIP 

International Potato Center (CIP). 1978. Optimizing potato productivity in developing countries. 
Report of a Planning Conference held at CIP, Lima, Peru , 4-8 December 1978, 172 p. 

1981. On-fa rm resea rch at CIP. Proceedings of a workshop . Lima, Peru. 
198 1. Uso de la Tierra en los Andes. Ecologfa y Agr icultura en el Valle del Man taro del Peru con 

Referencia Espec ial a la Papa. Centro Internacional de la Papa (CIP), Lima, Peru, 127 p. 
Potts, M. , ed. 1983. On-farm potato research in the Philippines. International Potato Center (CIP), 

Lima, Peru . 
Werge, R. 1977. Potato storage systems in the Mantaro Valley region of Peru. Internationa l Potato 

Center (CIP), Lima, Peru , 49 p. 
1980. Sistemas de Almacenamiento de Papa en la Regi6n del Va lle del Mantaro, Peru. Centro 

Internac ional de la Papa (C IP), Lima, Peru , 45 p. 

Theses 

Alarcon, J. 1980. Muestreo de Unidades Agrfcolas a Traves de Puntos Fij ados Aleatoriamente. 
Universidad acional Agraria , La Molina , Peru , Tesis Ing. Estadfst ico, 66 p. 

1983. lntroducci6n de Semilla Botanica de Papa en un Sistema de Producci6n Hortfcola: 
Ana lisis Prospecti vo en la Regi6n de Tarma, Peru . Universidad Nacional Agra ria, La Molina, Peru , 
Tesis M.S. , 238 p. 

Benavides, M. 198 1. Aspectos Socio-Econ6micos de la Producci6n de Papa en la Unidad Campesi­
na (Valle del Mantaro). Pontifi cia Universidad Cat61ica del Peru , Tesis de Bs . Soc io logfa, 71 p. 

Fano, H . 1983. Cambio Tecnol6gico y Tendencias de la Producci6n de Papa en la Regi6n Central 
del Peru, 1948-1979. Universidad Nacional Agrar ia, La Molina, Peru , Tesis Economista. 

Lafosse, R. 1983. Terminos de lntercambio de la Agricultura en la Decada del 70. El Caso de los 
Productores de Papa en el Valle del Mantaro. Universidad del Pacifico, Lima, Peru , Tesis Bs . 
Economfa, 127 p. 

Recharte, J. 1981 . Los Lfmites Socioecol6gicos del Crec imiento Agrfcola en la Ceja de Selva. 
Pontificia Universidad Cat61ica del Peru, Tesis Lie. Antropologfa, 208 p. 

Vargas, D. 1983. Analisis Econ6mico de A lgunos Factores en la Producci6n de Papa: Caso del Va lle 
de Canete. Universidad Nac ional Agraria , La Molina, Peru, Tesis M.S. , 133 p. 

Articles and Conference Papers 

Cortbaoui , R. and Potts, M . 1982. On-farm research for optimizing potato producti vity: A descrip­
tion of CIP's current approach. In Harmsworth , L.J ., Woodford , J.A.T., and Marvel, M.E. , ed., 
Potato Production in the Humid Tropics: Proceedings of the Third International Symposium on 
Potato Production for the Southeast Asia and Pacific Regions held 12- 17 October 1980 at 
Bandung, Indonesia . Internati onal Potato Center (CIP), Lima, Peru, 419-429. 

Horton, D. 1983 . Potato farm ing in the Andes: Some lessons from on-farm research in Peru 's 
M antaro Va lley. In preparation. 

Potts, M . Diffuse li ght potato storage as an example of technology transfer: A case study. In 
preparation. 

Potts, M. , Sano, E.O. , and Pacuz, L.M. 1982. In-ground storage of white potato: A preliminary 
assessment. Philippine Agriculturist, 65(3), 260- 274. 

Potts, M. , De Los Santos, A. B. , Sano, E.O. , and Ru tab, R. F. 1982. An agroeconomic assessment of 
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w hite potato manuring tri als: Benguet and Mountain Prov inces. Phil ippine Agriculturi st, 65(3), 
283-290. 

Potts, M. , Pacuz, L.M. , and Sano, E.O. 1982. Yield estimates and com mon cu lt ivars of white potato 
(So/anum tuberosum L. ) in Benguet Province. Phili ppine Agriculturist, 65(4), 385-393. 

Potts , M. , De Los Santos, A. B., and Soli men, J.A. 1983. Transfer of technology to small fa rmers: 
O n-farm resea rch in the Phili ppines . Agricu ltural Admi ni stra tion, 12, 27-42. 

Potts, M., Albert , W.V.D., Rutab, R.F., Sa no, E.O., Mariano, P.P. , and Booth , R. An agro-econom ic 
assessment of seed potato storage technologies in the Phi li ppines . In preparation. 

Rhoades, R. 1983. Tecnicista versus campesinista: Prax is and theory of fa rmer involvement in 
agricu ltural research. A post-harvest example from the Andes. Paper presented at the Workshop 
on Farmers' Parti cipa tion in the Development and Eva luation of Agricultural Technology held at 
O uagadougou , Upper Volta, 20- 24 September 1983 , ICRISAT/SAFGRAD/IRAT. 

Rhoades, R. and Booth , R. 1983 . Acceptance of di ffused light potato seed storage technology in 
developing countries. In Hooker, W .J. , ed. , Research for the Potato in the Year 2000: Proceedings 
of the International Congress in Celebrat ion of the Tenth Ann iversary of the Internati onal Potato 
Center, held at Lima, Peru , 22- 27 February 1982. Internati onal Potato Center (CIP), Lima, Peru , 
160-161. 

Scott, G. 1983. Food marketing, con trol of market surpluses and adopt ion of new techno logy. The 
case of potato marketing in the Mantaro and Canete va lleys. Paper presented at the seminar 
tecnologia, Producti v idad A li mentaria y Pl anificac i6n Microregional held at the Nati onal Agra­
rian University, La Molina, Peru , 30 June - 2 Jul y 1983. 

Shaw, R., Booth, R., and Rhoades, R. 1982. O n the development of appropri ate technology: A case 
of post-harvest potatoes. Food Technology, O ctober. 
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