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I Introduction
 

The review team was requested by USAID to review the Contract between the
 

Government of Bolivia reoresented by the Ministrv of Rural Affairs and
 

Aqriculture of Bolivia and the Consortium for International Development
 

and its related plan of work. As requested by Frank B. Kimball, Mission
 

Director, USAID/Bolivia, durinq the orientation of the team, the review
 

was not to be an evaluation of CID but of the scope of work and contract
 

in context of the Conqressional Mandate that USAID work with the small
 

farm sector. It was indicated that CID has a contract providinq for a
 

specific course of work and that USAID/Bolivia feels satisfied with the
 

performance. The team was asked to review the small farm sector and
 

give advice and recommendations as to whether a chance in the contract
 

or scope of work would improve USAID's efforts in assistinq the low income
 

farmer. The team was asked to consider the resources and constraints
 

surounding the project and be practical in makinq recommendations that
 

can be implemented.
 

The 	objectives of the project as exnressed in Appendix -Afor the stated
 

contract (GOB/AID-511-92) are as follows,
 

"f,.	To develop improved anricultural technolooies and more modern
 

management practices qermane to the small farm sector of the
 

intermountain valleys of Central Bolivia and the newly
 

developinn agricultural areas of the lowlands of Eastern
 

Bolivia (technolocy develonmcnL).
 

B. 	To extend to small farm operators in the regions of interest
 

the improved technologies and more modern production practices
 

(technology extension).
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C. To develop the capabilit, of the 4inistrv offices of Economics
 

and Statistics, Marketinq, and Planninq to qenerate basic
 

data, analyze problems and onnortunities, formulate and imole­

ment coordinated policies and proqrams for the sector,, includina
 

improved orqanization and administration of public services
 

(sectorial manaqement),
 

D. To assist in improvinn the operational capacity of other
 

auxiliary technical services such as soil and irrigation,
 

hiaher aricultural education, etc."
 

Section 103A of the Foreign Assistance Act contains the followinn lanquage
 

for text and purpose which directs the nature and work of the project to
 

the small farm sector and thus are iuidinq principles for USAID work.
 

"Text 

Section 113A\. Aqricultural Research.---\qricultural research 

carried out under this Act shal (1) take account of the sr,ecial 

needs of small farmers in the determination of research nrior­

ities, (2)include research on the interrelationships amoni, tech­

nology, institutions, and economic social, and cultural factors 

affectinq small-farm aariculture, and (3)make extensive use of
 

field testinq to adaot basic research to local conditions.
 

Special emphasis shall be placed on disseminatinn research
 

results to the farms on which they can be put to use, and espe­

cially on institutional and other arrangiements needed to assure
 

that small farmers have access to both new and existing improved
 

technology.
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Purpose
 

This section requires that all aricultural research carried out
 

under the FAA (includinq, without limitation, research under
 

Sections *103, 107, Title XH or anY other provision authorizina
 

such research) take account of the sDecial needs of small farmers,
 

includinq research on the relationships among tehcnoloqv, institu­

tions, and economic, social, and cultural factors affectinq small
 

farm aqriculture, and (3)make extensive use of testinq to adapt
 

research to local conditions. Special emohasis shall be placed
 

on extension and dissemination methods."
 

The objectives of IBTA, with respect to the project, are contained in
 

the document "Estructura Orqanizativa Operativa y Procedimental del
 

IBTA" and are as follows:
 

"3. Objectives
 

3.1 	 General Obiectives
 

The eneral objectives of IBTA are the Droduction of
 

results of aqricultural investigjation and experimentation,
 

as well as the promotion of the integral development of
 

rural families.
 

3.2 	 Specific Objectives 

- To obtain through its proarams of investiqation and 

exoerimentation, as well as the promotion of the inte­

qral development of rural families. 

- To create necessary conditions for the imnrovement of 

medium level technology throuqh investiqation and its 
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rapid transfer to the larcest quantity of atiricultural
 

oeople throulh, the medium of extension.
 

- To orient the plans and ptcqrams of the generation and 

transfer of tecnoloav as an education Function to 

brinq up changes required to improve the integral 

development of farmers, procuring increase distribution 

of their incomes and quality of life. 

- To intenrate the activities of investigation and
 

extension inorder to accelerate the development pro­

cess."
 

Taking into account the charge qiven the review team, the goals, objectives,
 

resources and constraints of CID, USAID, and IBTA, the team conducted its
 

review. The review was made during the period ',nril 24 through av 5,
 

1978 accordinq to the following schedule: 

April 24 - 25 La Paz 

April 26 - 28 Cochabamba 

April 29 -.11ay 2 Santa Cruz 

Mav 3 - 5 La Paz 

InLa Paz, discussions were held with members of USAID/Bolivia, members
 

of the CID team, officials of tinistrv of Anriculture and Campesino Affairs
 

(MACA) and Bolivian Institute of Aqriculture and Animal Technology (IBT).
 

While in Cochab.amba.. visits were made to the Toralana, San Benito, and
 

Pairumani Aricultural Exneriment Stations where relevant activities were
 

reviewed and discussions held with station and other oersonnel including
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members of the CID team. One day was soent in the areas of itaoav, 

Charamoco, Vinto and Parotani visitinq on site with small fa,",m-rs reqard­

inq their operations and problems. InSanta Cruz. visits were made to 

the CIAT PAricultural Exneriment Station at Saavedra, and to the Yanacani 

area where a visit was made with a small farmer. Discussions were held
 

with CID nersonnel. N4hile inCochabamba and Santa Cruz, contacts were
 

made with IBTA ani CIAT officials. (.ppendix I ,rovides a list of
 

individuals contacted durina the review.)
 



I. 	Characterization of the Small Farmer
 

The 	 rovern4;,i and oneratinq documents for the CUD-MACnj project and all 

USAID pronrams place special emphasis on providina assistance for the
 

small farmer. The term "small farmer" is not defined in any of the docu.­

merits and thus there is opoorLunitv for misunderstanding to arise as a 

result of individual interpretation of the term. The review team thougiht 

itmight be helpful to include in its renort a description of what it 

sees the small farmer to be, Honefully a description of the roroblems 

commonly shared by this siqnificant arouo of Bolivian farmers can serve
 

as guidelines to orient aqricultural research and other oroqrams toward
 

their solution.
 

Some 	of the characteristics which describe the small farmer are: 

1. 	A relatively limited amount of resources, narticularlv capital and
 

land, labor may also be limited in the sense of a relative hiqh
 

opportunity cost. 

In the ionq time established sections of Bolivia, the nractice of 

f-3llowinq farm land and oopulaiion density are r-lativelv high, so 

that farmers are forc.!d to generate off-farm income and/or to be 

engaged in a variety of tenure systems (share cropping) in order to 

have 	sufficient income to support family needs. The trade-off between
 

land 	and canital scarcit, will determine the strateaies for fertility 

maintenance within the farminn system. Under conditions of land 

and capital scarcitv, family labor will tend to have a relatively 

high oroortunitv cost, as lono as other sectors of the economy are 

able 	to provide employment onoortunities. 
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These circumstances call for technoloov alternatives which are simul­

taneousiy land-savino. capital-savinn, and nossiblv labor-savina.
 

Such technoloqical improvements may appear to be impractical, however,
 

the 	nossibilitv of developinn substitution technologies rather than
 

investment ones should not be discounted. Since investment tech­

nologies tend to be relatively, labor-intensive, their development
 

should be Dreceded by a careful study of sources of family income.
 

2. 	\limited access to resources fror, oLtside the system, particularly
 

capital and adeciuate marketinq conditions due to constraints such as:
 

farm size, land tenure arranqements., education) and infrastructure.
 

As investment technoloqies are developed, itwill be necessary to
 

provide an inteqrated delivery system to accompany them. This tyne
 

of system will provide credit, availability of modern inputs, lower
 

marketina risks and, as a consequence, improvement of relative Drices.
 

3. A considerable pronortion of aoricultural Production isallocated for
 

family subsistence.
 

The fact that small farmers exist larqelv on a subsistence level,
 

Due to the inelastic
creates a welfare buffer against lower prices. 


demand of aqricultural products, a shift in supplv via technoloqical 

chanqe will reduce the farmer's incone. Inview of this, small
 

farmers may capitalize part of the increased nroduction via higher
 

levels of family consumption, On the other hand, better prices and
 

marketing conditions without accompanvinn channes in productivity 

will provide less benefit to the small than to the larne farmers.
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4. 	 A high degree of economic efficiency within the relatively comoli­

cated svstem of farminq due to the small farmers responsive behavior 

and rationale mana nement of available limited resources. 

"Farminq system' here is defined as the farmers' oriorities and the 

way he manaqes his available resources to meet those rriorities in
 

the face of uncertainties. For small farmers, the production system 

is usually rather complex as a consequence of the characteristics
 

described above. Often one observes crop associations with soecies
 

of 	different tyres, a variety of ways to maintain fertility, methods 

of weed cultivation as the, relate to the use of weeds for animal 

feed, etc. 

Since this system is highly efficient, little can be qained from
 

agronomic research oriented to a rearrangement of the known factors
 

of production. Input-output and innut-innut relations used by farmers
 

are generally found to be close to optimum levels in view of the
 

constraints and risk aversion under which they onerate. There are
 

two 	ways to improve such a system: first, better relative pric s
 

which will allow the farmer to imorove crop manaqement by such methods 

as 	selecting better seed. using higher levels of fertilization, better
 

weed control. etc. Second, the introduction of innovative practices 

that will improve his production capacity by employment of substitu­

tion and/or investment techno'ionies such as new improved varieties 

that 	will yield more under te farmers mananement conditions, new
 

methods for disease control, etc. Various combinations of these two 

procedures can he utilized.
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5. A latent demand for technology to improve the farminq system which
 

is not expressed due to the lack of economic and political powcr.
 

This characteristic is responsible for the breakdown often observed 

in the necessary lirkane between agricultural research oriented toward 

small farmers (supply of technology) and the adoption of recommended 

technoloqical alternatives (demand for technology).
 

A low degree of adoption of recommended practices by a small per­

centage of farmers observed inmany programs oriented toward the 

small farmer, are indicators of such a breakdown. 

In view of the complex nature of the farming system employed by small 

farmers, a critical evaluation of the system is required in order to 

adequately identify major needs and/or development opnportunities. 

These needs and/or develonment opportunities which are rather clear
 

for commercial farmers are not so clear far small ones: thus the 

latent demand. Evaluation is needed before aqronomic research is
 

conducted to know why farmers manage their enterprises in the way
 

they do, to know their perceDtions reqarding various hazards and to
 

know what production and social compromises are required by their cir­

cumstances.
 

Without this information, one is likely to face the hazard of recom­

mending technoloqical alternatives which do not fit the needs of the 

farmer and consequently will not be adopted.
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III. 	 Findings and Discussion*
 

The review team attempted to undorstand the research and extension prog-rams
 

available as provided by IFqT,, CID, and CIAT to meet the needs of the small
 

farmers in the Cochabamba and Santa Cruz areas. 1lhat follows is a brief
 

descriotion, evaluation, and analysis of these proqrams.
 

The agronomic research effort 

Five major crops have been selected for technological improvement: potato, 

corn, wheat, rice and soybean. The priority arrangement for the solving 

of problems associated with these crops apparently have been defined by 

CID and Bolivian personnel rather than by the small farmers themselves. 

As we observed, the methodoloqical approach utilizd for the improvement 

of these croos has the followinq components" (1)a strong breeding pro­

grarn that involves introduction of qenetic material,, crossing with local 

materials. and evaluation both at the experiment station and with cooper­

atinq farmers- (2)exploratory and optimization studies of bilateral 

relationships: fertilizer-crop insecticide--crop. herbicide-croD, land 

preparation-crop, irriaation-fertilizer-cror (3)back up activities. 

A balance has been soucht between the on-experiment station work and the 

trials conducted in farmers' fields. The experience with off-experiment 

station research has freouentlv shown that those experiments are costlier 

and have lower accurac.v than those run in the experiment station. 

We found no systematic effort to understand the factors of crop quality
 

as understood by small farmers in any cron not, to describe the farming
 

*For a conceptual framework which is rjlated to and provid2s a basis for
 

the discussion reqarding the findinqs. see Annendix II.
 



systems of production in the area as practiced by the small farmer,
 

although this has been done in isolated instances. In general, the con­

cept has been one of scale neutrality as well as the belief Chat research
 

will produce somethingi that will be attractive to all farmers.
 

Essentially, the same disciplinary approach followed inthe experiment
 

station (exploratory work) has been followed in the farmer's field trials.
 

Variety, fertility and pesticide trials are conducted in farmer fields,
 

but not integrated in the sense that interaction across factors may be
 

evaluated. Practically, no climatic or edaphic records (other than soil
 

fertility tests) are kept for the experiments even though a sizeable
 

number of on-farm trials are lost due to climatic damaae (drought, frost)
 

to weed infestation, and pests. Other experiments may be harvested after
 

undergoing several deqrees of damaqe by the same factors and go unrecorded.
 

The reason for this has been both methodoloqical and due to lack of re­

sources necessary to keep the detailed records. It is not clear to what
 

extent the trials in farmer fields correspond to the farminq system of
 

small farmers since the information does nov, show in the written reports.
 

For example, the fertility experiments in the Toralapa regnion are conducted
 

an effort to calibrate soil tests that will permit diaginosis of fer­in 


tilizer needs. The fertility treatments on potatoes have been imposed
 

on the manure as applied by the small farmer, whatever that amount, which
 

was properly recorded for each experiment. However, what was needed more
 

than the effect of phosphorus fertilizer additions to the manure treat­

ment was a measure of the interaction, manure by fertilizer, so that a
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recommended rate of fertilizer can be determined after one knows the
 

rate of manure that the farmer is aoing to apply.
 

There is a number of li 10itatioiis with "his methodological approach for 

optimizing inputs at the farmer level: (1)The lack of knowledge of 

factor interactions will not allow sets of unbiased technologies sensi.­

tive to price variation both of innut and output. Neither will it allow 

the desiqn technology for several levels of capital nor of risk, (2)Since 

the uncontrolled factors of production are not recorded at the site of 

experiment, the production factors that would permit more accuracy in 

the recommendations cannot be established. (3)There is no way to 

relate agronomic risk to a climatic factor such as precioitation, which 

in turn would allow a more viable technoloqy. 

A note on the calibration studies for diaqnosis of fertilizer needs. It
 

is felt because of the limitations of transportation, extension service
 

assistance, and the problem of accuracv of laboratory soil tests, that
 

Bolivia is not ready for a diaonostic system that relies so heavily on
 

large scale laboratory facilities. Itwould seem more reasonable to
 

maintain a modest soils laboratory in Cochabamba that would serve as a
 

back up to the optimization studies., but not as a basis for the establish­

ment of a large scale diacinosis proqram in the near future.
 

The extension effort
 

The program seems well oriented but incomDletP in its scope and perhaps
 

Most of the effort has been mde in the necessary area
in its priorities. 


of gettinq farmers acquainted with the modern technology, but little effort 
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has been made to acquaint the research worker with the traditional tech-.
 

nology, or with the wav the technolopy developed by the research worker 

performs at the farmers level. In other words, the extension effort 

should provide a two way channel of communication between the research 

worker and the small farmer. This should include production technology, 

credit, access to inputs, access to market, and farmer orqanizations.
 

Unless sufficient action is taken in these areas, the adoption of new
 

technc!L-ces will not take place in subsistence type farming. Even
 

though the efforts of the extension worker are critical in the credit
 

area, he must not take the place of the credit agency, in the same sense
 

that he should not take the place of the research wvorker to develop the
 

production technology. But he should assist the farmers in the process
 

of oibtaining the credit, as well as inform the credit institution about
 

the operational barriers faced by the farmers. A similar role should
 

be served by the extension worker in the other areas enumerated.
 

Perhaps more comment iswarranted reqardinq visits with nersonnel and
 

observation of specific projects and prorirams. Aluch was seen that reveal
 

dedicated and resourceful effort toward the needs of farmers. The esta­

'lishment of a plant nathology service, the initial stages for the
 

development of an insect museum, the formulktion of a soil moisture pro­

gram, all apDlicable to most farmers and crops, are to be recognized and
 

commended.
 



14.
 

V. 	Recomendations
 

It is recoanized that a review team does not become all wise or infallible
 

in a 	period of two weeks. However, it is our responsibilitv to evaluate
 

and 	make recommendations based uDon our observations and from the per­

spective of interested outsiders. The followinq recommendations are
 

si.bmitted for those concerned. They provide a framework or master plan 

for action and can serve as a guideline when decisions are made and action
 

can be taken. We do not see that all recommendations can be implemented
 

immediately. Hopefully, however, they can serve as an immediate stimulus
 

to become a Dart of the thinkinq and commitment for action for all involved. 

1. 	It is recommended that an in-depth survey of small farmers needs and 

problems be designed and conducted throunh the cooperative efforts 

of the social and bioloical scientists. This miqht be termed a
 

Dronosal for action.
 

A basic assumotion of this proposal is the belief that a more client­

oriented adaptive research will 'il.ID to better accomolish the objec­

tives of the projert. Experience with anricultural research oriented
 

to small fariers has shown that too often aqronomists have waited 

until new tochnolonical alternatives have been painstakinqlv developed 

on exneriment stations under controlled conditions before takinn them 

to 	 farmers' fields, only to discover that they are not adanted to 

some aspect of the farminn systems. Too often social scientists have
 

waited until new technoloqici.1 alternatives have been introduced, and
 

perhaps rejected. before studying farmer reactions to them. 
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An obvious solution to such events is for auronomists and social
 

scientists to work closely from the inception of a rrogram to insure
 

that the work will be farmer rather than discioline-oriented.
 

We believe that CID's contribution to Bolivia's efforts to cone with
 

the small farmers' problems can be enhanced through this activity
 

especially now that its staff iswell balanced with social (economists
 

and extensionists) and bioloqical scientists.
 

Mora specif'cally, the activities can be described by the following
 

sequence,
 

1) A program region is selected, defined, and described using second­

ary 	data.
 

2) 	Informal surveys of farmers and markets in the reqions are conducted
 

to orovide a firm information base from which to launch a more sys­

tematic survey of farmers' circumstances and systems.
 

3) A basic farmer survey is dusinned and conducted, the purposes of
 

which are to obtain information to quide the development of the on­

farm research trials and to orient lonoer-,run research efforts on
 

the basis of the identified development ornortunities.
 

4) 	On-farm trials are conducted on representative farms of the reqion,
 

in an attemDt to solve some of the constraints, the release of
 

which, will permit the improvement of the small farmers' system of
 

farmi ng.
 

(For detailed information renardin procedures to be followed, te
 

desiqn, including samnle questions. and the conductinq of the question­

naire and on-farm trials, see Apnendix III.)
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2. Human Resource 9evelopment
 

The intense shortage of qualified people to serve in nositions of re­

sponsibility and assume the leadership necessary to develop Bolivian
 

agriculture was expressed repeatedly to team members in each area
 

visited. There also exists a critical shortane of lesser trained
 

people at the technician level to assume resnonsibilitv and perform
 

the daily activities associated with on-going Projects and to make it
 

possible to instiaate new orograms. If such people were available
 

to work with CID team members, it would be possible to multiply the
 

effectiveness of team members and thus enhance their contribution to
 

the program objectives.
 

A program has been initiated to increase tile involvement of agricul­

ture students from the Universities by employing them to work with
 

experiment station and CID personnel in on-goina projects in the
 

preparation of their theses for the Inneniero jqr6nomo deqree. The
 

number of students takinn advantane of this opportunity has been dis­

couraainnly low probably because the amount of money offered for 

stipends is not high enouqh to attract their narticioation. 

Perhans the budqet could be rearranged to provide for hiaher pay to 

the students. If this is impossible, the stipend rate could be 

increased anid the number of student positions available decreased. 

Even thouqh the latter recormendation would seem to defeat the purpose 

of the recommendation,. i.e., increasing the number of students parti­

cipating, it is our feelinn that it could help. Since students are 
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not now being attracted by the low stipend and Perhaps those who are
 

attracted are not of the hiqhest ability, a hiqher' stipend could make 

it nossible to attract a limited number of hinh ability students to 

the 	project.
 

Tncreased participation of quality students would have immediate and
 

lonq reaching conseauences. The efforts of team and experiment station
 

personnel would h2 multiplied, it would increase the supply of lzcal 

trained People, and would serve as an incentive for students to con­

tinue their education to the naining of Master's and Doctoral degrees 

and thus increase the country's Supply of professionally trained man­

power.
 

3. 	It is recommended that CID. IBT:A and CIAT develop the necessary facil­

ities so that information on yields and other factors can be made
 

available soon after harvesting. This does not necessarily mean
 

sophisticated computer facilities. In fact, very inexnensive two
 

memory nocket computers al^e sufficient, and coilene students can
 

easily be trained to perform the necessary data processing.
 

CI 	 quarterly renorts do not contain all of the elevant experimental
 

information. Perhans, in addition to these more complete timely 

reports, a more formal type of yearly report should be produced and 

circulated as sources of information within the Ministry as well as 

within the university system. These reoorts could involve (1) Intro­

duction, (2)Descrintion of Problem, (3)Review of Literature,
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(4)Hypotheses and Assumptions, (5)Methodoloqy, (6)Results and Dis­

cussion, (7)Conclusions and Recommendations, (8)New Problems Found,
 

(9)Bibliooraphv.
 

4. 	As the review team traveled in the Cochabamba area, itwas observed
 

that a large number of the small farmers maintain a flock of sheep.
 

Data obtained from the 1972 survey conducted by Utah State University
 

indicate that 53 percent of the farmers raise sheep. A cursory
 

observation indicated that the quality of the sheep could perhaps
 

be improved with respect to both wool and meat production. It is,
 

therefore, recommended that a sheep improvement oroqram of the nature
 

of the one established bk' Utah State University nn the Altiplano in
 

1971-74 be introduced to the intarmountain valleys. This proqram
 

involved shearinq and wool imorovement and marketing, ram oroduction
 

and marketing, crossbreeding and commercial sheep production, and
 

forage improvement.
 

It is not kno!,n by the review team why the apparentlv successful Alti­

plano nroqram has not been adopted by the farmers i.i the intermountain
 

valley areas of Bolivia. Perhans there is valid reason. If not, it
 

would ap.,ar that th'! exoertise and technoloqv develoned in the
 

Altiplano could form a vital part of the program to improve the
 

standard of living of the small farmer in other parts of Bolivia.
 

5. 	Orientation of New Personnel
 

Over the years much has been learned about agricultural improvement
 

proqrams in develoing countries. Several reqional Proqrams and inter­

national centers have been established to coordinate, facilitate,, and
 



19.
 

promote diverse efforts. The review team suqgests that opportunity 

be provided for new CID technicians to visit some of these centers 

and programs such as Mexico (CIMAYT, Chaoingo), Guatemala (ICTA),
 

Costa Rica (CATIE), Colombia (CIT), Ecuador (INIAP), PerO (CIP, La
 

Molina), before assuminq assignment in the host country. Becoming
 

familiar with what is being done in these programs could provide
 

opportunity to build on existing proqrams, avoid duplication of 

effort, serve as a source of relevant data and bioloical materials, 

etc., and thus enhance their effectiveness once they arrive on site
 

to commence their own activities.
 

6. 	Problems in Delivery of Equipment 

As the review team met with team personnel, considerable concern and 

frustration was expressed over the long delay in the delivery of 

equipment and materials ordered under the USAID 053 Loan and CID 

programs. The carryin out of work schedules, and the initiation 

of projects and research proarams iave been impossible because the 

equipment and materials have not arrived as expected and needed. 

It is recommended that USAID and CID investigate the problem to
 

determine where the delays occur and to see if remedies can be
 

applied.
 

7. 	The review team feels that perhaps the most important contribution 

the CID project can make to Bolivia is in the area of education, both 

formal and informal. It is suqqested that CID personnel try to allow 

more 	time for the in-service education of their Bolivian counterparts
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and for the promotion of their work wit!h government officials. If a
 

CID scientist uses 90% of hi: time to run field experiments along with
 

his Bolivian counterpart, he will have little or no impact within IBTA\
 

as an institution. Instead he should try to qet the hiqher IBTA
 

officials of the project area, interested in the kind of work he is
 

doing. -Also, he should try to get his support for more personnel at
 

the same time he is showina the hiqher official the real opoortunities
 

for agricultural development. Our impression of some Bolivian offi­

cials is that they are only anecdotically acquainted with small farmer
 

needs and are not fully aware of the complexity of the Droblems
 

involved in the development of the sector, especially with the small
 

farmer subsector.
 

8. The review team was informed that Dr. LeBaron's and Dr. W4alker's 

positions on the team will soon become vacant. It is our suggestion 

that it would he helpful to the work of the contract to fill .Dr. 

Walker's position with a ootato breeder, Ph.D. level, fluent in 

Snanish who would be responsible to advise on the potato breeding 

program as well as the experiment station physical development, qet 

acouainted 'iith the factors of potato rualitv as seen by small 

farmers,* to better understand the depree of stability of local 

varieties as compared to introduced ones, and perform exploratory
 

trials with small farmers. This person should spend at least two
 

months in CIP becoming acquainted with its methods of research.
 

*Help in the area could be obtained from CIP instalations in Per6.
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We 	sunciest that Dr. LeBaron's nosition be fille with a production 

aqronomist, ph.D. level, with a strora backqround in soils, statis­

tics, and microeconomics, and fluent in Spanish who would be responsible
 

for 	the planning., conducting, data processinq, technology design and
 

reporting of all exnloratory and optimization work on potatoes, corn,
 

wheat, and barley conducted on farmers' fields; and teach in the San
 

Sim6n Univcrsity of Cochabamba and direct thesis studies. With the 

new 	orqani;ation of 1ITA experiment stations., extension personnel will
 

be integrated under the director of the experiment station. This 

review team oxplored with Ing. Jaime Salamanca the possibility of 

involving some or all of the extension nersonnel in the conduct of
 

on-farm research. If the report is true that more technical personnel 

will be approved for IBTA, the efficiency of the production agronomist 

could be greatly enhanced if four to six eQuinped briqades were assigned 

to work with him. We also feel that the person appointed should spend 

approximately two months in Mexico: CIiMYT and Chaninqo, becomina 

acquainted with the research conducted in those centers oriented toward 

small farmers. 

9. 	The review team suggests that Cassava in the Santa Cruz area should
 

be included as one of the crops covered by the proaram of work. This
 

plant is one of the principal sources of carbohvdrates for the small
 

farmer in tie area, and has an exnort notential as flour and can be
 

used in animal feed. 
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V. 	Summary and Conclusions
 

The review team was impressed with the quantitY and quality of work being
 

performed by the CI9 team and the Experiment Station personnel, especially
 

in view of the limited resources, both human and physical, with which they
 

have to work. The nature of the programs are significant to Bolivian
 

agriculture and important and effective work is being done.
 

As a result of discussions with CID, USAID/Bolivia, Government, and
 

Experiment Stati3n personnel., on-site evaluations, reading of Contract,
 

plan of work, statement of objectives and Droqress reports, the review
 

team concludes that the CID Contract, as initially conceived, is within
 

the requirements of the Conqressional Small Farm :andate. Perhaps the
 

acceptance of some recommendations would require Contract amendment.
 

In any event, snme "fine tuning" of the plan of work would be appropriate
 

in order to incorporat2 recommendations contained in Section IV of this
 

report.
 

Members of the review team wish to express appreciation to all the indi­

viduals ini CID, USAID, IBTA. and CIAT who have been so kind and helpful
 

in making arrangements., attending to our needs, and in making our time
 

We realize we have imoosed on full schedules
as productive as oossible. 


and holiday plans and interrupted in many ways. However, the attitude of
 

those individuals we have contacted has been pleasant and helpful. We
 

say thanks.
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It is our hope that our evaluation has been accurate and that our recom­

mendations are valid and can play a part in helping to reach the sig­

nificant objective of improvinq the standard of livinq of the small
 

farmer in Bolivia.
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APPENDIX II
 

A concentual framework which is related to and provides
 

a basis for the discussion regarding the findings,
 

Section III of the Report. 

It is now widely recognized that normally a good production technology
 

plus an extension service are necessary but insufficient to achieve irre­

versible adoption. Systems for credit, input availability., marketing and
 

farmer organizations are also necessary. However, normally, the latter ser­

vices tend to be adequate in areas where ccmmercial farming is Dredominant.
 

That is why, in these conditions, isolated e%,forts on technology develop­

ment and extension seem sufficient to indjce technoloaical changes. On the
 

other hand, areas of subsistence farming will normally have very limited
 

access to the systems of credit and input availability, marketing and farler
 

This will be due in many cases to a very limited infrastructure
organization. 


development, as well as to a very limited individual capacity of the small
 

farmer to obtain the kind of assistance from the public sector that commer­

cial farmers have. It has been shown in several countries, including Bolivia,
 

that an isolated government effort on developing production technology and
 

farmer will not have an impact on increas­on extension service for the small 

ing land productivity, unless comDlementary act-on is taken in the areas of 

credit, inDut-output market, and farmer organization. 

This review team was told by Bol.ivian, officials that the problems they
 

nature and that they anticipate that
are concerned with are largely social in 


the project being evaluated would be of primary assistance in the alleviation
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of these problems. The Government of Bolivia's primary concern is not with
 

increased food production at the national level, since the sector's balance 

of payments has been positive in the last five years. Rather they want an 

iicreased productivity of the land that will help the rural population improve 

its quality of life, and bring about cheaper food for the urban sector. The 

way to achieve the government goal is very much inphase with the mandate of
 

the project to provide assistance to the small farmer. The project under
 

evaluation is focused on an increased productivity of land by the small farmer.
 

There is no doubt that some of that increased production will stay on the farm
 

to provide for more abundant food, but the rest will have to be marketed so
 

that the small farmer can obtain the means to purchase the inputs of the new
 

technology, as well as other services for his livelihood. However, it is
 

also well known that the limited capacity of the country to absorb an increased 

production of potatoes, corn, and barley would likely result in a decreased
 

price for the staples which would be most adverse to producers, discouraging 

them from increased productivity. On the other hand, the real possibilities
 

for export have not been analyzed in depth. There isno exoerience in inter­

national market for disease free Potato seed qrown in the highlands, for corn, 

rice, and other staples. In addition, there is the problem of high trans­

portation costs. There is, on the other hand, a big deficit in wheat in the 

country which could be used as a substitute crop for potatoes, corn, and 

barley if their productivity oer unit land were increased. This seems to be
 

one possible alternative for development of the small farmer, if the project
 

succeeds in developing the kind of technology as well as the proper incentives 

are created by the government for partial crop substitution. In which case, 



the qovernment should have to protect this development by balancing out the
 

production of wheat in the Santa Cruz area through mechanization which is well
 

on its way to being develoDed (CIAT. Ing. Vaca Diez).
 

When working with the small farmer, we must recognize the diversity in
 

his sources of income, i.e.. (1)off-farm.. (2)annual crops, (3)fruits, and
 

(4)animals. The small farmer will normally judge a technoloqical innovation
 

not only from the standpoint of net income, but also the degree of competition
 

with his other activities. the risk involved, and access to the market of
 

inputs and outputs. Only when the net result is positive will he adopt
 

irreversi bl v. 

Achievements of traditional technology are becoming increasingly recognizec 

by acronomists and other professionals. '!hen the interaction of farmer and 

crop has involved manv nenerations in an area as well as the domestication 

of the crop, there is considerahle knowledoe, genetic resources, taste pre­

ference and specialization involved in the traditional technoloriv, much of
 

which remain esoteric to the outsider. That is no doubt the case with potatoes
 

corn and quinoa in the Andean reqion, 'thero snecific standards of quality have
 

been reached, as well as a denree of stabilitv to ecological variation thru
 

time: drounht, frost. etc.. which, of course does not rule out the presence
 

of disease (virus, blights). nests, etc., that miqht at times seem to be
 

important limitinn factors. However, yields of un to 25 ton/ha of local
 

potatoes have been harvested exnrimentallv on unirrigated farmer fields in
 

the Toralana reqion, where virus and nematodes have been reported to be dam­

aginq to the cron. No special efforts have been made in Solivia to understand
 

'the factors of the quality as held by farmers. In fact, tuber quality is so
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important to the small farmer that he will not shift to another varietv simnly
 

because it is resistant to nemitodes. it will also have to meet his quality
 

standards.
 

Another area of aoronomists misunderstandina of traditijnal t(cchnoloqv
 

is that of the farminn svstems of production. This concept involves compo­

nents such as rotation of mono and polvcroDs, short and long term resources
 

of production (labor force, traction, enerqv) and the uses of the individual
 

One farmina system in the Toralana reqion involves a rotation involv­croos. 


ing one year of potatoes one vear of oats or barlev one year of quinoa or
 

lupino, and two years of iddle land. Iccordinq to Ing. qonzalo Claure, five
 

tons or less of manure plus some fertilizer plus two spravings, all provided
 

by a :'rescatadorY are invested in the notato croo. The other crops qo un-


In the Santa Cruz area, small farmers use the slash-burn system
fertilized. 


that involves qrowinq rice associated with corn for two years after the land
 

has been cleared and then lettinq the land go back to its native veqetation
 

for six years. It should be nointed oit that no fertilizer or herbicide are 

reauired, althouoh a limited protection against pests i required. \ farmer 

stated that he harvested approximatelywe interviewed near the Yapacan! area 


600 Ka of rice Dlus 12Q0 Kn of corn from one hectare. carminn systems like
 

the two described have been developed thru nenerations of trial and error and
 

have the merit of beinq effective for the prevailing social and economic con­

ditions. In fact, many of these low energy requirement farmina svst-ms may
 

challenqe the degree of efficiency per unit of fosil energy invested by the
 

modern agricultural enterprise as normally conceived bw the aronomist. 

not a country in which we maY conceive an ariculture
Certainly, Bolivia is 
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heavily dependent on imported inputs to be competitive in the short run for
 

It seems that the limited availability of modern
the international markets. 


inputs in Bolivia points at a technology development that differs frequently
 

from he model for industrialized countries.
 

A concent of scale neutralitV has been used by agricultural economists
 

to imply that any technological innovation will be equally beneficial to the
 

An example of this is the development of a
farmer regardless of farm size. 


nematode resistant potato variety since no matter how much land is planted
 

by the farmer, the benefit of the resistance will be there. Scale neutrality
 

is a fact when only the size of the farming enterorise varies, however there
 

farmer.
are many differences other than farm size between a larme and a small 


Cultural traits (taste, values, other), availability of capital, degree of
 

can make the concept of scale neutrality misleading.
formal education, etc., 


A small farmer will be more likely to use labor intensive farming systems
 

use a more capital intensive
of production, whereas the larger farmer will 


farming system. The best corn variety grown as a onocrop is not necessarily
 

the best to qrow in association with beans. Take the case of nematode resis­

tant potato as a technological innovation. The new variety would be adopted
 

by a commercial farmer if there were a market for it. On the other hand. the
 

small farmer might decide to retain his local variety if the new variety did
 

not an eat or starve
not meet his quality standards. Nematode resistance is 


issue to the small farmer since his variety has a certain deqree of tolerance
 

to the nematode infestation. Wheat, on the other hand, is closer to a scale
 

not native to the Andean region,
neutral situation than potatoes, since wheat is 


but, even in this case, a very defiit cititlon of reiection of an improved
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variety was encountered by the review team inthe area of Cochabamba. A small
 

farmer was goinn to quit growinq the improved Chinoli variety of wheat and go
 

back to the local variety, Barba neqra, apparently only on the qrounds of
 

taste.
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Apoendix III
 

ProDosal for action - Detailed information for thk. formulation
 

and 	conduct of an indeDth surve" to determine the needs and pro­

blems of small farmers as a guide to rc,;earch and extension 

activities. 

This Appendix pertains to recommendation 1) in Section IV of the Report.
 

to
The following describes each of the steps in the above sequence so as 


provide guidelines for their implementation.
 

1. 	Selection of the reqion
 

The reqion is a ceogranhicallv identifiable area, within which there may
 

be several agroclimatic zones. It should be selected on the basis of the
 

quantity of priority crons, their relative importance in the reqion, the
 

promise for improvement, and perhaps other considerations as: political
 

environment, infrastructure, availability of services, etc.
 

The size of the reqion should be large enouqh to demonstrate the feasi­

bility of the approach, and small enough to be manageable with the avail­

able resources and technicians.
 

Once the reqion has been selected, the first task is to tentatively iden­

tify agroclimatic zones within the reqion, and to discover the nature of
 

institutional factors affectinq aqricultural production in the area. An
 

agroclimatic zone can be defined as a qeoqraphicallv identifiable portion
 

oF the program region where soil, topographic, irrigation, or climatic
 

factors create nroduction opportunities which are distinctly different
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from the other zones in the region. The first anproximation of this zoning
 

can be based on the technician's knowledge of farming systems and practices
 

in the area, Ifall farmers follow essentially the same oractices and use
 

the same type of variety for a cron that can be considered the major enter­

prise, then the region could wvell be considered one aaroclimatic zone.
 

If there are systematic differences in those practices, and these differ­

ences are thouqht to be due to agroclimatic factors, then more than one
 

zone should be defined. Ifthese differences appear to be caused by eco­

nomic factors such as: tenure, farm size, marketing conditions, they
 

should be considered as characteristics of farmina systems within a zone.
 

The following kinds of information, if they are available, will be useful
 

inmakinq tentative zone distinction:
 

(1)Soil and Topoqraphv
 

a) Identification of different soil types in the area, Vieir relative
 

extensiveness, their local names and any selective use of soil
 

tvpes by local farmers. Chemical and mechanical analysis of
 

soils in the area offers information on specialized use of soil
 

types by farmers.
 

b)	Information on the toponraphv of the area by toooqraohic maps,
 

oreferablv about l:50,0O0, will be extremely valuable inconducting
 

field operations. This information is likely to be very important
 

reaarding soil erosion and the need to explore farmers management
 

operations for conservation practices.
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(2)Rainfall data 

Monthly rainfall averanes provide the rainfall orofile for the area 

which, unless irriqation is ued, isa qood quide for the croDpinq 

calendar. Insome cases, climatic maps are available showino isotherms 

and isoprecioitation contours. The objective is to make crude esti­

mates of rainfall reliability for two months of the qrowinq season. 

Low reliability' shows where farmers face a hazard inmanaqement and how 

they have evolved strategies to partially off-set it. Information for
 

availability of irrination should also be obtained.
 

(3)County level nroduction data
 

Acreage and Yield data at the county or villaqe level is very useful
 

to calculate production densities (ratio of major crop enterorises to
 

all crops). A look ai trends inthese data may be instructive if they
 

are 	available. 

(4)Institutional Factors affectinq nroduction in the region.
 

The primary concern here is to discover what government proqrams are
 

supoosed to be affectina production of certain crops, and how they
 

are supposed to function. The followinq citeqories can be considered:
 

type. 2xtent and history in the area, sources, government
a) 	Credit 


aoricultural credit banks.
 

b)	Inputs: seed., fertilizer and other innuts, tYoes of programs 

offered. Sources, novernnent banks. qovernment aaencies, extension 

service. 

c)	Price supports: nature and extent of current nrice support or
 

ourchase activities. Sources, qovernment support/purchase aqency.
 

Cooperative orqani zations. 
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2. Informal surveys
 

The purpose of this activity is to improve the neneral understanding of
 

farmer circumstances to provide more focus for the basic farmer survey
 

to follow. Itwill help to identify Droblems, clarifv terminoloqy (units
 

of measurement) and eliminate useless lines of inquiry. The sampling
 

procedure should be to traverse tie study area and visit with farmers
 

as they are encountered. To insure some degree of representation,
 

several villaqes or points may be chosen on the map across the area, and
 

then interview farmers or groups of farmers encountered en-route connect­

ing these points.
 

No formal questionnaires are needed at this stage, but work sheets are
 

necessary with a list of questions such as those listed below. Answers
 

should be recorded separately. New questions should be added and others
 

eliminated as responses suagest.
 

- What are the most important crops here?
 

- What varieties are raised here?
 

- What are the special characteristics of each: qrain type (shane,
 

texture, color), drought resistance, etc.?
 

- Are particular varieties uspd in particular nlaces (soils, topography)
 

or under particular circumstances?
 

- What percentaqe of the croos are intercropped or associated?
 

- What rotations are commonly followed?
 

- What land oreparation(s) are qenerally used? What equiopment?
 

- How are the crops planted. harvested, when?
 

What are the most serious problems ingrowinq the more imoortant crops?
-


insects? weather?
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- Name some places where the production can be sold. 'Whatare current
 

prices?
 

How long and how do farmers usually store their production on the farms?
-

Is there serious damaqe to stored qrain?
 

- Is land rented here? On what terms? (sharecroDing svstems).
 

- Name some places where inputs can be souqht.
 

- What is the cost of hiring labor, tractors, draft animals?
 

- Are there agencies where credit can be obtained to purchase inputs? 

Are they satisfactory? Why? 

- Do 	local lenders loan money? On what terms?
 

These visits to farmers should be complemented with visits to different
 

kinds of markets: retail main and wholesale grain markets, retail
 

input markets. custom operators and banks to find out about the pro­

ducers used in each case.
 

The 	data from the oresurvevs should h: analyzed with two objectives in
 

mind: one is the contribution of the information tc, design a concise,
 

well focused, basic farmer survey. The other is the contribution of the
 

information to better define the boundaries of the aqroclimatic zones.
 

Zoning is seen to lie as very important stage, since it will help to
 

reduce the variability that comes from agroclimatic conditions, cultural
 

practices and economic conditions, to a manaqeable level.
 

3. 	The basic farmer survey
 

The primary objectives of the basic survey are as follows:
 

(a)To obtain information for pre-evaluation of available technological
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components (varieties, fertilizer recommendation, pesticides aqainst
 

specific diseases) under a variety of farmers' circumstances. Data
 

are needed to evaluate the potential for yield increases, compatibi­

lity with farmers' farminq systems, associated risk, and costs.
 

(b)To obtain information about where on-farm trials should be located
 

if they are to bo representative of the proqram reqion.
 

(c) 	 To obtain information about current cultural practices which will 

provide the reference treatment for on-farm trials. 

(d) 	To provide information for agronomists, plant breeders, pathologists 

and others inorientinq their basic research proarams toward the 

needs and/or developingi ornortunities identified. 

These objectives provide the criteria for choosing what data will be use­

ful for other purposes. While these are the primary objectives, the data 

will be useful for other nurposes, namely: 

(a)To guide the development of extension efforts designed to increase
 

productivity and solve productivity-related problems.
 

(b)To assist Dolicv m kers in assessing the performance of credit, input
 

and price support programs. 

There are three important issues inconductinq the survav the design of 

the questionnaire, the sample size, and the selection of the samDlino 

units. For each of these issues, many degrees of complexities may be
 

exercised. An adaptive research approach should be Dracticed taking into
 

account the real availability of information, resources and manpower.
 

The design of the questionnaire is of basic importance. The pre-surveys
 

will probably show there are many enterprises within the farminq system.
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The complexities of trving to cope with the manaqement details of all 

Majorenterprises in the system olaces a heavy burden on the respondent. 

enterprises should be identified toqether with the promise for improve­

ment in order to focus the research. This does not mean to iqnore the 

relationships between the identified major enterprises and the other 

farm and family activities. The critical points of interaction amongst 

enterprises should be given explicit consideration. Examoles are the role 

of rotations, associated crops, periods of labor shortaqe on the farm,
 

feedina of crop residues, etc. But the imnortance of these relationships
 

is evaluated bv direct farm questioning and by references from market
 

conditions, rather than by whole-farm planninq.
 

The following is a tentative list of the topics to be explored through
 

the questionnaire:
 

(a)Practices utilized hv the identified enterprises.
 

In this section, questions will be asked relative to what, when,
 

where., why, and how do they produce. In certain cases, it will be
 

necessary to explore the topics in more detail, for instance varieties:
 

(1)End use-product characteristics
 

i. Palatabilitv 

ii. Processabilitv
 

iii. Storability 

(2) Growth characteristics and b,-product considerations 

i. Plant habit
 

ii. Lenath of season
 

iii. By-product suitability
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The 	objective of this section should be the description of the local 

farming system, enterprise pattern and detail of the end uses of pro­

ducts, food suonl" (main and preferred staples and relishes), cropping 

calendar, main sources and uses of cash, husbandry (husbandr.v prac­

tices for the crops under research). 

(b) Contracting/renting.Dossibilitios
 

It is possible to contract for or rent enuipment, what equipment and
 

what the current cost.
 

c) Disnosition of crops
 

W:hat proportion of qrain goes to landlord or other creditors, what
 

percent of grain is usually sold irmiediately, sold after storage,
 

fed 	to animals, consumed by famil".
 

(d) 	 Farmers opinions on hazards 

Yield variability. What va; i.ation in ylield does the farmer expect 

from his major crops? Range--!4hat are the major causes of poor 

yields of major crops in most recent five "ears? Pest and diseases­

-Types of pests and diseases faced. Frenuencv of the attacks and
 

perceptions of severity of effects. 

(e) Knowledqe and experience with modern inputs
 

Has the farmer heard of using a qiven input? Is he using it? nuan­

tities used? !Nhere can they be obtained? Problems? 

(f)Labor availability
 

Use of family labor., of hire labor, off-farm Job, w'at tvpe. what 

seasons what proportion of the time. 

(g)Would the farmer like to host an on-farm trial? 
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The development of the questionnnire should include the pre-testinq, the 

selection and traininq of the interviewers, anud finally the field oper­

ation. 

The sample size is the next uoint of concern. The usual rules for deter­

mininq sample size are not directly relevant to this kind of basic farmer 

survey. The ohjective here is not to estimat. nooulation means, but to 

observe the distribution of farmers with respect to a number of different 

characteristics. A certain number of questionnaires should be planned
 

for each aproclinatic reqion, 30-50 have been used in other studies. The
 

number of available interviews, available time and financial resources, 

will decide the appropriate sample size. For example, if we have four
 

interviewers and five weeks to complete the survey, the samnle size can
 

be estimated (assumina that each interviewer is able to complete 1-1/2
 

questionnaires per day), this will give a total of 180 questionnaires.
 

Each aqroclimatic zone will be assigned a qiven number of nuestionnaires
 

denending on the relative variabilitv of the characteristics under study, 

the results of the nre-survev. The opinion of local technicians will 

held at this staqe. 

The selection of the sannlinq units is related to the samling procedure, 

that is, the procedure by which some fraction of the elemental units of 

a tarqet population are selected for study. There are two considerations
 

to quide the development of tLhe samplina orocedure: the procedure should
 

yield a sample which is representative of the population, vet at the same
 

time, it must be economical to implement.
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Samulinn from maps or aerial photos provide excellent results since they
 

are good sampling frames.
 

A man (photo) may he used 4or simple probability samolinn in the follow­

ing manner: Delineate the program renrion and agroclimatic zones on the
 

map (preferably 1:5.,00n) and make marks to allow identification of all
 

points in the reqion with coordinates. Randomly select points on the 

man by drawinq pairs of coordinates until the quota of points for each 

zone is obtained.
 

A few more should be drawn for "non-response substitutes." Identify each
 

point on the ground and then identify the crop enterorise(s) field which
 

is closest to that point. The cultivator of that field will be the
 

Note that in this method the probability of
selected elemental unit. 


selection of a given farmer will be proportional to his acreage of crop
 

enterprises, so that weiqhinq of the data will be required if summaries
 

the basis of farmers as the elemental unit.
are to be made on 


A map may also be used as the sampling frame for the first stage of a
 

multi-stage sampling procedure.
 

More complex samplinq procedures can be practiced denendinq on the avail­

ability of information.
 

It should be kept in mind that the objective is to provide a sample
 

zone. Nor­representative of the distribution of circumstances in each 


mally, variables like total family income and net benefit accruing from
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each enterprise, will not be included. The assumption that farmers
 

maximize profits or minimize losses subject to certain capital and risk
 

constraints can be taken for aranted.
 

4. On-farm production research
 

The results of the surveys of the farmers and the local institutions
 

proposed above will define the viable alternatives for development. The
 

survey will reveal where the emphasis should be placed on croDs according
 

to the small farmer standards of quality, and crops to he marketed out­

side the farm and the project area. Also, the information on the scar­

city of capital and inputs will allow the researcher to visualize the
 

proper technological level.
 

Itseems obvious that a systematic effort to understand the factors of
 

quality as felt by the small farmer should be undertaken at least for
 

crops of notatoes and for corn. At the same time, more knowledge should
 

be gathered about the degree of homeostasis (stability thru tirfie) of
 

local varieties. Inother words, how a variety grown in situ resDonds
 

to different stresses as: drought, frost, disease, lack of fertilizer,
 

weed competition, etc. This kind of work may be conducted at the exper­

iment station (fractions of 2n type of experiments), as well as in farmer
 

fields. The knowledge from these kinds of effort should be helpful in 

defining the breeding proqram for both crops, potatoes arid corn. Current 

efforts to develop tolerance to nematodes and to clean the seeds of
 

potatoes from virus, should be continued and enriched by the new knowl-

Pdae on aualitv and homeostasis.
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The research effort on farmers fields should be reoriented , specifically
 

in the stage of input optimization. The proposed chanqes are (1)Research
 

should be conducted within the farming systems prevailing in the region,
 

recognizing the constraints of small farmers and de-emphasizinq the
 

exploration of technological nossibilities that are not feasible to
 

farmers (30 kq of Temik/ha, 310 kn of either N or P/ha, low concentration 

sources of fertilizers, etc.). (2)Integrate the variety, fertility, 

protection and irrigation trials into experiments inwhich factor inter­

actions may be evaluated. (3)Descrihe the experimental site as com­

pletely as possible, but at least record (a)rainfall, (b)soil moisture
 

at two or three stages, (c)soil Dhysical properties related to moisture:
 

physiographic position slopes deoth, texture, wilting pr-centage and
 

field capacity, (d)fertility tests, (e)damanes to crop due to pests,
 

diseases and climatological events. (4)Increase the number of on-farm
 

trials dispronortionately over those within the experiment station.
 

Some factors of production. such as rates of fertilizer, should be con­

ducted mostly outside the experiment station, since they vary so much
 

from field to field. 

The potato crop inToralana and rice and corn inSanta Cruz area have
 

mostly been experimented within farmer lields which is not the case
 

*This may be done after exploratory work has been conducted and the
 

variables have been narrowed down- for instance, to two or three genetic
 
materials, two or three rates of fertilizers, manure, irrigation, etc.,
 
that cover the critical part of the economic factor space.
 



with corn and wheat. The research in these two croos is almost exclusively 

conducted within the exnerim,:rt station and is limited larqely to the
 

breedina component. It is absolutely essential that both exploratory
 

and optimization research be conducted with these two crops in farmer's. 

fields. It seems impossible that th. same rates of fertilizer are recom­

mended for corn qrown under totl irriqation as for corn orown with sup­

plementary irrigation as for rainfed corn in the Cochabamba valley, wher 

definite soil physical gradients are obvious.
 

Every effort should be made to analyze results on the exoloratory and
 

optimization studies and develop technolonv on short.-term basis. Climatic
 

as well as edaphic and manaqement information should be summarized after
 

every season. At the same time, weather historical information must be
 

studied and used to stratify production conditions. ,lso, price variation
 

of outputs :s well as market possibilities must be examined and out
 

together with the agroclimatic and experimental data to desiqn tech-.
 

nology for small farmers. The several levels of agroclimatic risk, the 

marketing risks as well as farn.ers expDctations must be understood before 

recommending technology to small farmLers. In view of the short-term nature 

of the project, there is a need to develon new technoloay in the early 

stages. For this, it seems appropriatc to take the technology develop-. 

ment in a series of approximations, hoping to progiress towards ahic.her 

precision level. As an examnle, there miqht be a sinale production recom­

mendation for potatoes in the Torala:)a region after the first year of work 

and advance to two (recognizing two agroclimatic conditions) recommendations
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for the second year and so on, until a reasonable level of precision is 

reached (mavbe 6 to 10 sets of recommendations). 

In addition to this process, techinologies that require different amounts 

of limited capital shooild be introduced. This is because farmers will 

vary in their percertion of risk and their willinnness to invest. 

When enounh knowledqe is available on factor interactions, several kinds
 

of demonstration plots may he desiqned to show small farmers some of the 

alternatives available to them.
 


