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PART 1. EXECUTIVE SUMMARY

This report is aimed at donors, and outlines and applies a
methodology to help them identify priority needs of national

programs of agricultural research in Latin America and the
Caribbean.

That a methodology and fresh approach are needed is
indicated by a simple fact: many national agricultural research
programs in the region are experiencing a finanecial erisis, in
spite of over two decades of generous assistance from external
Sources. National funding for agricul tural research has actually
decreased, or its growth has decelerated sharply, in the most
mature and best developed programs. Concern is growing that this
pattern, seen principally in South America, may be repeated by

programs that are developing in Central America, Panama, and
el sewhere in the region.

Part 2 attributes this faet to Several causes that are
spawned by the observation that agricultural research activities
are the product of the world around them, rather than the
solitary and insulated Pleasure of one or more sclentists. While
hardly Surprising, donors do not appear to have taken this to
heart. To expand and improve research programs, they have
invested directly (and heavily) in the core of the research
activity--in physical capital (laboratories and buildings), 1in
training kigh-level manpower, and in numbers of researchers angd
work sites. Just as it has been observed that investing only in
the poor may not remove poverty, or that providing food may not
arrest malnutrition, investments only in scientists and their
tools need not improve and stabilize institutions of agricul tural

research because those institutions are impacted by events from
out side,

The methodology proposed in Part 3 of this report recognizes
explicitly that publiec research programs are part of a larger
system with which they must interact effectively if technological
change in agriculture is to proceed continuously at a rapid pace.
Our approach to identifying priority needs for agricul turai
research begins with a call for understanding the sources of
change in agricultural production and productivity, underlying
socloeconomice cohditions, major actors in the Agricultural
Technology Management System (ATMS) and their relation to
observed trends in agriculture. At a second stage, four kinds of
analyses are undertaken of policies and iastitutions (public and
private; national and foreign) operating in the ATMS, with some
emphasis on institutions in the Technology Generating Sector.
The purposes, contents, instruments, and procedures for each kind
of analysis are described. At a final stage, case studies o?
significant technological events are undertaxen, largely through
travel and study at the field level, to test "on the ground"®
hypotheses emerging from the first two Stages of work, and :to
identify needs and constraints which are beyond their view.
Sfforts at this final stage are guided by an Interventions



Opportunity Matrix (IOM), which arrays technological events and
their benefits along one axis and major resource, management,
and . external (or environmental) determinants along the other.
Entries in the cells of the IOM help pinpoint opportunities for
donor investment.

As 1s true of any effective methodology, ours is flexible
and simple. Its strength is in offering a conceptual scheme by
which information generated inm an ATMS assessment can be ordered
systematically to yield proposals for donor action. This should
avoid an ®"ad hoc® approach in future assessments, and thus reduce
their costs and increase associated benefits to donors. There is
the added appeal that, to the extent that the methodology 1is
widely used, comparable information can be accummulated-=-and
easily updated-~on ATM Systems for many countries in Latin
America and the Caribbean.

Since "the proof of the pudding is in the eating," Part 4 of
the report applies and tests the methodology in a study of
Panama's ATMS. That particular system was selected because it is
among neither the oldest nor the newest in Latin America; public
technology transfer activities practically disappeared after the
1968 Revolution, and thus the effects of the extension linkage
could be more clearly distinguished; the government's ccmmitment
to agriculture has been large in comparative terms; and key
elements of the ATMS there agreed enthusiastically to serving as
a test case of the Rutgers/ISNAR assessment methodology. Our
presumption, subsequently corroborated, was that Panama's ATMS 1is
also broadly representative of many systems in the region. B8y
far the longest part of this report, Part 4 is organized irto
four principal chapters, with the first three corresponding to
the main stages of an ATMS assessment, and the last reporting on
general conclusions and recommendations. More specific
conclusions are to be found at the end of each chapter.

We found in Panama an excessive number of interventions by
the public sector in agricultural activities which, among other
things, has made for a complex ATMS with poorly developed
linkages between participating institutions. Without ¢the
centripetal force provided by strong, clearly articulated
agricul tural policies, better organized farm groups were able to
capture and bend programs of the ATMS institutions toward their
special 4interests, creating inefficiencies 1in resource
allocations and much program duplication. Some unity of effort
was evidenced in the social policies of the 1970's, aimed ac:
redistributing incomes toward marginal farmers and laborers
generally. However, these efforts came apart in the 1980s as
collective farms failed to become productive anmd as high labor
costs proved burdensome to a government and private sector open
to major competition by reason of the country's small size,
geographic location, and international exposure. Aigricultural
production and productivity suffered enormously. 3y 1985, with
the economy 1in disarray, few prospects to service one of tas
largest debt burdens in the world (reiative to GNP), and the
government's continued high level of participation in economic
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activity patently unsustainable, austerity was the only recourse.
The government then fell, and Panama was set adrift on an
uncertain, but certainly-to-be-stormy, sea. No amount of
agricultural research, nor the existence of an agricultural
extension service, could have possibly precluded this.

It was against this background that an agricultural research
institute, IDIAP, patterned after the national institute model in
Latin America (but after ICTA in Guatemala, specifically), was
concelved and established in 1975 on the foundations of a
tradition of work by the University of Panama in technology-
generation. Achievements in governance, human resources
development, budget expansion, planning and evaluation, and
technology transfer activities are noteworthy for an organization
Just celebrating its Tenth Anniversary. Our in-depth examination
of research accomplishments in rice, maize, beans, cowpea,
onions, and tomatoes through the case studies is highly
encouraging. Not surprisinge-in view of the environment for
research and technology transfer in Panama--is the fact that
these gains, and those of the Faculty of Agronomy at the
University, have benefitted from generous funding from donors,
especially from the U.S. Agency for International Development,
which presently accounts for almost a third of IDIAP's total
financial resources. Successful innovations have been associated
with individual scientists who combined outstanding acquired
skills and high~-level training with personal skills of research
management that buffered their programs from budgetary and
political vagaries and helped harness private and public services
to support well-defined researck goals.

We coneclude that six priority needs must be addressed, 1if
these successful efforts are to be multiplied and Panama's ATMS
1s to become more effective in the future. First, system-wide
pPlanning must be strengthened in ways that will expand
participation, arbitrate competing interests, and more sharply
focus priorities. We recommend organizing annual national
pl anning conferences for the ATMS to develop greater policy
consensus concerning priorities, more coherent action, and
clearer divisions of labor among public sectcr institutions.
Priorities emerging from such exercises should concentrate more
effort in technology generation on commodities that can support
Panama's high labor costs. Second, we believe that donor
involvements at various points in the ATMS should be better
integrated. Donor funding for manpower training should not
neglect opportunities for developing local post-graduate degree
programs 1in key agricultural disciplines that could strengthen
research and extension staff capabilities and complement the
research of both IDIAP and the Faculty of Agronomy at the
University of Panama. Third, and related to the preceding point,
is a recommendation that national and foreign funding sources for
the ATMS work together to formulate comprehensive plans to raise
the percentage of researchers with post-graduate degrees to 60
percent by 1995. Since an expansion in the number of scientists
is no guarantee that leadership--capable of designing,
implementing, and evaluating research and of generating political



Support for relevant programs--will also increase, we recommend
the development of a research management workshop series for
senior scientists, Among other things, this series should give
Special attention to planning and monitoring skills for research,
to discussing ways that scarce resources can be more effectively
used by capitalizing on potential ATMS linkages, and to personnel
management practices for research and technology transfer
programs.

Fourth, we recommend strengthening all field research by
increasing operating expenditures to 25 percent of total budgets,
and by setting aside at least 45 days of funding to meet
contingencies oceccasioned by disruptions in the government's f1ow
of financing for research. These improvements in financing must
be complemented with improved mechanisms of management control at
the regional and field level. Thus, our fifth recommendation is
that. technology generating institutions back decentralized
decision-making with control over budgets and manpower, and with
responsibility for developing research objectives and for
evaluating achievements periodically. If field research is
strengthened and management is decentralized effectively, our
final recommendation is that Panama should postpone further
development of an independent public extension service. In part,
this reflects our disagreement with the premise, widely accepted
in some quarters in Panama, that technology relevant to a broad
range of farmer circumstances is already available. However, we
do see the need for continued experimentation--on a limited,
regional scale--with alternative extension model s. To further
that effort, we recommend creating in IDIAP a small group of
extension specialists, expanding the University's "student-‘-o-
farmer® extension model, and strengthening the sociceconomic
analytical capability of those institutions centrally engaged in
technology generatiocn and transfer.

Part 5 concludes the report with recommendations to donors
concerned with ATM Systems in Latin America and the Caribbean.
While these reflect our assessments of needs in the region,
derived from Part 2, and some generalizations based on the
application of our methodology to the Panama case, they are made
with the caveat that any generalization of strategies to the
whole region is risky business, given differences between
countries and the rapid changes occurring in most systems of the
region. Those recommendations concerning future investments that
We aremost confident about deal with the need for donors to find
appropriate mechanisms to provide operating and contingency funds
for agricultural research. Similarly, we believe that most
Systems urgently need donor assistance to accelerate staf? and
leadership development. Three other recommendations dea! wicth
the need to forge internal linkages within ATM Systems, to
selectively support linkages with external technology generation
and transfer organizations which are responsive to individual
ATMS needs, and to reverse the historical neglect of natioaal
universities, especially those with strong commitments :o
agricultural development and some tradition of research.



Our strongest recommendations, however, deal not with how
donors should spend their money, but how they should go about
developing progranm strategies for ATMS improvement. The very
differences that exist between countries in the region argue
forcefully for the creation of an ATMS study capability which can
gulde program development in individual settings. Many donors
have established an individual country strategy on the basis of a
set of global priorities for the reglon that are then adapted and
fine-tuned at the country level through a "blitzkrieg" visit by a
small team of outside experts who examine the research activity,
or (at most) the activities of research and extension. This
report recommends standing the usual process on its head by using
a methodology to identify individual country needs, first. At
some later point, and after several country assessments have been
concluded, the foundations should exist for synthesizing a more
general, cross-country strategy from individual country reports.
Highly cost-effective investments could be made by donors, in our
Judgment, in creating a capabllity among one or more developed
country institutions to field and train suitable team members for
ATMS assessments and to accumulate and analyze information
relevant to studies of particular ATM Systems.
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PART 3. DIAGNOSING A SYSTEM AND DEALING WITH ITS CONSTRAINTS:
A METHODOLOGY ‘

I. Introduction

The methodol ogy Proposed for the analysisof Agricul tural
Technology Management (ATM) Systems in Latin America is designed
to be easy to apply, rigorous and yYyet readily comprehended,
adaptable to a wide variety of Systems, and capable of providing
Practical suggestions for system improvements in a short time
period and at reasonable cost. It is sensitive to the preeminent
role played by the Public sector in both the supply of and demangd
for technology generation and diffusion, and variation in the
benefits of technology across commodities or production Ssectors.
Most importantly, the methodology recognizes that the structure
and performance of Latin American ATM Systems are products of the
agricultural sectors in which they operate, and that research
institutions cannot be studied in isolation.

II. The ATM Concept

Cummings (198%4) provides a definition of "agricul tural
technology management?®:

Agricultural technology hanagement involves the
interdependent relationships between new and existing

individual producers..., What is meant is internalizing, by
Some management means, as many of the functions as are
necessary to generate, assess, and diffuse improved
technologies which Will increase agricultural production and
incomes. The definition of agricultural technology
Ranagement implies the ability of the component parts,
individually or collectively to deal with constraints to the
generation and diffusion of improved technologies.

and transfer should be Planned has been called the Agricultural
Technology Management System (ATMS). A generic ATMS 1s presented

in Diagram 3.II.1, which Places the component parts of the systenm
in relation to each other, Those are:

¥the "technology sector™ with its subsectors (the technology
generating sector, the technology transfer sector, and the
technology using sector);

®the 'politico-bureaucratic structuren", composed of formal
representatives of the government and decision makers, and the
channels through whiceh interests of all groups in the system are
made known to policy-makers;
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®the "external sector”™, composed of donors, international

technology generating institutions, and mul tinational firms
eéngaged in technology generation and transfer;

®the underlying "structural‘conditions", which include
primarily world markets for inputs and outputs and the resource
base of a country;

®the "policy environment,” made up of all laws, regul ations,
customs and practices which limit the way in whieh components of
the technology sector behave. .

These all-inclusive components influence, and are themsel ves
influenced by, events occurring in the system.

III. Analytical Stages for an ATMS Review

The purpose of an ATMS review 1is to enable a donor or
national authority to identify a 1ist of interventions, and to
determine which interventions are likely to succeed and produce

The methodology is composed of three principal stages
logically linked one to the other. It begins at a high level of
aggregation--a macroeconomic view of a country's agricul ture-~-and
broceeds sequentially to more detailed levels of analysis. It
lneludes an institutional analysis of the system and its key
organizations, and case studies of selected technological
events. For conceptual purposes, the approach can be likened to
a funnel with screens at each stage which sift information with
increasing detail as the funnel narrows.

Each screen is designed to eliminate information not bearing
directly on the impact (value and distribution), resources,
management and organization, and the environment supporting the
agricul tural technology and transfer process of a particular
country,. We argue that resources (R), management (M), and

environment (X) are all-inclusive determinants of technological
impact (B).

Purpo se, contents, instruments of analysis and procedures
for each stage of analysis are summarized in Table 3.III.1, and
further discussed in the following sections.



Table 3.III.1.

ATMS Analyses: Purposes, Contents, Instruments
and Procedures

STAGE I

Sector Apalvsis

Purpose:

Contents:

Instruments:

Procedures:

Assess the impact of research/extension on
agriculture globally and identify key institutions

and policies affecting technology generation aad
transfer. -

Analysis of production/productivity performance
and relationship to research/extension efforts,
policy .environment, and socioceconomic structure of

the country.
Literature search
Review major trends in agricultural outputs and

inputs and in activity levels of
research/extension agencies.

STAGE II

Fupnctiopal Analyvsis

Purpose:

Contents:

Instruments:

Procedures:

Describe the ATMS in terms of key funetions.
Establish database on roles of major organizations
and mechanisms for participation in key functions.

Analysis of 13 key functions of the ATMS and role
of major institutions in terms of level of

responsibility and mechanisms of participation in
each function.

Linear Responsibility Charts, database management
progranm.

Record in database framework information on
organizations and partiecipation in key funections.
Analyze complexity and coherence of systenmn.

ta)
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Events Apalysis

Purpose:

Contents:

Instruments:

Procedures:

Analyze technological cycles across commodities
and through time; document role of institutions

and policies with respect to the nature of
technological change.

Chronology of techniéal, economic, and
institutional events in principal commodities.

Literature search, interviews, database management

For significant events record date, nature of
event, commodity, institutional invol vement,
nature of institution. Array data to relate time,
technol ogy and institutions.

Policy Apalvsis

Purpose:

Contents:

Instruments:

Procedures:

Describe key macroecononmic, intersectoral,,and

agriculture sector policies which impact ATM,
Identify intervention points.

Study impact of government role, exchange rate,

policies affecting relative prices, allocations to

agricultural sector, and sector policies impacting
ATM.

Literature search, interviews.

Review economic literature, policy documents

Improvement Apalysis

Purpose:

Contents:

Instruments:

Procedures:

Identify improvements in the ATMS as a whole and

within resource use and internal processes of key
institutions.

Study of mandate, human resources, infrastructure,

and performance of key internal functions of major
institutions.

Survey of Institutions, Human Resource Inventory

and earnings function analysis, literature search
and interviews

Initiate mission with survey of key institutions,
Supplement data as mission progresses; analyvze
using cross-country comparisons.

Preliminary analysis on administrative data,
administer human resource survey, analyze
conditions of service using earnings functions.

37



Lase Stydies

Purpose:

Contents:

Instruments:

Procedures:

STAGE III

Define ATMS by examining specific examples of its
Operation; identify key actors and forces;
identify points of improvement in Systen.

Outline key events, actors, and issues 1in
technology generation; assess 1impaet of
technological advances. Focus on key resource,
management and environmental variables influencing
impact of the technology generating sector.

Literature review, interviews, Intervention
Opportunities Matrix

Select cases to highlight issues relating to
resource, management and environment variables;
identiry technological events and positive and
Regative determinants of ATM success.

L1a)
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A. The Analysis of Agriculture's Structure and Performance

The logical starting point for the first stage of the
methodology is a review of agricul ture's structure and
performance. It provides basic factual information about growth
in agricul tural production, changes in technology, and the
evolution of underlying social, economic and political forces
affecting the agricul tural sector. Among these factors are
patterns of land distribution, inefficiencies in resource use,
and the degree of integration between the agricul tural sector and
the rest of the economnmy. ’

The approach is to overlay secondary data and available
literature on the agriculture of the country with information on
the process of agricul tural change in the regi on as awhole. The
purpose is to identify areas of similarity and differences which
distinguish the country's agricul tural structure and performance
from that of other countries. Special attention should be given
to understanding salient differences which bear on B, R, M, and
X variables.

B. The Institutional Analysis of the ATM System

At this stage, the methodology calls for the identification
of principal institutioms within the ATM System and an
understanding of how those institutions relate to one another.
Particul ar attention is given to identifying institutions and
groups which are found to have significantly affected
agricul ture's performance and structure at the first stage of
analysis.

The institutional analysis of the ATM System is composed of
a functional analysis of the system, an events analysis, a poliey
analysis, and an institutional improvement analysis. The
purpose, contents, instruments and procedures of each analysis
are detailed below.

1. Functional Analysis
a. Purpose

A system review examines potential improvements in both the
structures and mechanisms for the performance of key functions of
the systemn. The functional analysis provides a methodology for
describing an ATM System in terms of "key functions™ and the role
which particular organizations play with respect to each
function. The ATM System is not comnsciously defined by mocst
participants in it. Consequently, the functlional analysis
provides a framework within which improvements can be
systematically discussed. A function may be performed
inadequately because there are too few (or too many:’
organizations peforming 1it, or because the mechanisms for
performing it require improvement. A donor organization may also

39



use the functional analysis to compare ATM Systems across

countries to assist in the development of regional investment
strategies. ’

b, Instruments of Analysis

The main instrument is a "linear responsibility chart™ 1In
the business literature, this is used to identify individuals,
tasks, and responsibilities for execution within a project. In
an ATMS review, we identify 13 key functions that an ATM Systen
must perform, the important organizations in the system, their
level of participation in each funection, and the mechanisms for
such participation. These become entries in a database of the
system.

Conceptually, the 13 key functions are arrayed across the
top of a matrix as columns while the component organizations are
the rows. By going down a column, all organizations involved in
performing a given function and the extent of their involvement
can be identified. The number and locations of participants in
the ATM System help identify points of weakness. By goling across
a row, all the functions that an organization performs 1in the
system can be shown and concentration or dispersion of effort can
be highlighted.

C. Contents

Thirteen key functions are identified which an ATM systenm
must perform, or at least influence. If the system carries out
all 13 functions effectively and coherently, it is likely to be
"suyccessful." These key functions, and the analyses that must be
undertaken, are:

# Define macroeconomic strategy

Analyze the organizations involved in making basic
macroeconomic policies relating to rates of exchange, relative
prices, and size of government which set the overall framework in
which the agricul tural sector operates, These policies impact
agricultural innovations.

# Dpefine intersectoral allocation of resocurces

Determine the share of the government's budget devoted to
agricul ture and the way in which that proportion is fixed. This
is a measure of the importance attached to agricultural
development and of the potential resource avyailable for
agricultural technology generation and transfer.

# Develop human resources for the agricultural secter

Netermine whether ATMS organizations re efficieat in

developing and managing their own human resources. Management of

Lo
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human resources involves the identification of needs, planning
for human resources, the execution of training plans, and the
establ ishment of conditions of service which attract and retain
the human resources required by the system.

® Generate domestic political support for agricul tural
research :

Organizations need political support for their activities.
Determine whether the ATMS organizations actively seek to

generate support or detract from support for agricultural
research through inaction or opposition.

®* (Generate external support for agricultural research

Identify organizations which generate external support for
agricul tural research/extension, and the mechanisms they use,
The external support an ATM System enjoys may be a crucial
element in its suceccess or failure.

# Set goals for the agricultural sector

Clarify how goals are set for the agricul tural sector. The
establishment of realistic goals and the creation of appropriate

mechanisms by which they are set are important functions for the
success of the sector.

® Allocate resources within the agricultural sector

The amount of resources devoted to research, extension,
credit, input supply and marketing guarantees is a decision
variable affected by the political-bureaucratic structure.

Analyze the mechanisms through which each organization influences
those decisions.

# Determine research strategies

The determination of research strategies involves the
identification of development objectives, the expression of
those objectives as research problems, and the choice of
appropriate research strategies to solve those problenms.

Determine the role and effectiveness of each TGS organization in
Ssetting these strategies.

® Generate and assess technology
Identify all organizations which generate and assess
technology. Technology generation takes place primarily in

national research institutes, but universities, private firms,

and external organizations are also involved in generating and
assessing technology.

* Transfer technology

Identify and analyze institutions and mechanisms invclved in

L1




technology transfer. Interfacing between research and extension
is an important function of the ATM Systen, In the absence of an
effective publie éxtension service, a variety of other channels
emerge for the transfer of technology and for related information
exchange.

* Provide sSupport services

Support service organizations in agricul ture provide a range
of services--from seeds to credit and tractor hire. Identify the
principal organizations and the services they provide. Note as
well the provision of Support services by orgacizations not
primarily part of the Support service sector.

® Evaluate impact

Several organizations a3sess impact on the ATM System of
agricultural research. Identify these organizations and analyze
the evaluation methods they use.

® Market final output

Describe and analyze the role of agencies involved in market
regulation and intervention.

For each participant in the system, its responsibilities and
mechaniams for participation in the key functions are described.
The responsibilities are: Decide, Finance, Coordinate, Execute,
Participate, Advise, Inform, and Request. The mechanisms for
participation in a funetion Bay run the gamut from formal lines
of authority through procedures for consul tation or lobbying to
informal exchange of information.

d. Procedures

Given the accessibility of microcomputers, even at the field
level, information can be stored in a database format and updated
43 new organizations are created, as the formal functions of old
organizations are modified, or as the mechanisms for involvement
are changed. At any moment, it is then Possible to produce
tables showing organizations and ATM functions.

2. Events Analysis
a. Purpose

The events analysis systematically records and analyzes the
evolution of institutions, policies, and technologies produced &ty
the ATM System. As part of the institutional analysis, :it
provides a way of studying the changing roles of public and
private sector institutions over time and their relation to the
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technologies being produced. It can also be used to document the
role of the external sector, or that of a particular institution.
The events analysis helps integrate the case study analysis and
the institutional analysis through its systematic recording of
both the technological and institutional characteristics of

events., The analysis can be continuously updated by a local
mission or research institution.

b. Contents

The propoﬁed method encourages team members to record
systematically several important pieces of information about each

event cited in the literature and in personal interv. ews. This
information includes:

®the sector of the ATM System in which the event originated
(publiec or private, external or domestic);

8the responsible component of the ATM System (politial
bureaucratic structure, tecanology generating sector, technology
transfer sector, service sector, technology using sector, or
post-harvest sector);

#the date on which (or period over which) the event
occurred;

*the nature of the event (agronomic, biological, chemical,
mechanical, economic, policy, or institutional);

®a description of the event;

®the individual commodity to which the event relates
(particularly where cycles of technological change and supporting
policies are likely to be different across commodities);

®the principal organization involved in the event;

®the cooperating organizations which participated in the
event.

c.- Instruments

The events analysis emerges from a systematic management of
information gained from personal interviews, and study of
available literature. Both the case studies and the institutional
analyses will provide raw material for this approach. The use of
a database management program for recording and arraying the
information permits new information to be incorporated into the
analysis at any time,

d. Procedures

Each event i1s described and stored in a database management
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Program, As additional events are encountered in interviews and
the literature, the database of events can be expanded and
refined. By reordering and processing data in ways which
highlight different relationships, certain hypotheses about the
the ATM System and the roles of different agents in the systen
can be formulated and tested. Some of the analyses permitted are:

8Cycles or technology

These may be studied with a chronological analysis of events
by date, nature, and commodity. In the usual Latin American
pattern, agricul tural improvement took place first through
improved agricultural practices, followed Successively by
mechanization, chemical, and seed technologies. Each of these
technologies builds on experience with the preceding technology,
and a country which tries to assimilate advanced chemical and
seed technologies without having established research on basic
agronomic practices may require special assistance.

®Institutional participation

A chronological ordering of events, relating the nature of
technological change to the institutions involved, permits the
identification of roles played by public and private or foreign
and domestic participants and the ways these have changed over
time. It may be used to document a history (or absence) of
collaboration among institutions, which is important when jJudging
proposals for improvement of the System, or to highlight the
contributions of a given organization.

The method provides a way of exploiting all information that
may be gathered during the course of a system review, Having
identified important events through interviews or reading, the
analyst incurs only a small marginal cost to record them in the
detail described above and then to have thenm permanently
available for further analysis.

3. Policy Analysis
a. Purpose

In the policy analysis, we study certain key policies and
describe both their intended purpose and implications for the
agricul tural sector. Many policies may be desigzned to serve non-
agricultural interests that have major impacts onm the ATM Systen.
The end product of the policy analysis 1is the identification of
policies that are constrainats to the ATM System which are subject
to improvement through political or management change. If a
particul ar policy cannot be changed, leaders of the ATM System
may seek compensatory measures. For example, a country may
maintain an overvalued exchange rate to facilitate capital
imports, to keep parity with a major tradicg partaer, or to serve
the interests of a Key sector. The negative effects on
agriculture may Justify compensatory subsidies, guota
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restrictions on competing products, and selective taxes to

prevent relative prices of traded and non-traded inputs from
being distorted.

The key policies studied by the methodology are at three
levels: macroeconomic policies that affect the overall econony;
policies that affect the intersectoral allocation of resources;

.and policies within the agricultural sector itself.

b. Contents

At the maecroeconomic level, interest focuses on policies
affecting exchange rates, the level and role of government in the
economy, and relative product ard input prices. For most
countries, the exchange rate 1s the key price determinant in the
economy. Its value has major implications for all sectors. Since
the exchange rate may be fixed, a variety of compensatory
measures may be in effect.

In studying the role of government in the econonmy, interest
focuses on the resources the government controls relative to GDP
and their allocation. It also focuses on whether or not these
allocations to agriculture take place within a context of
governmental expansion or austerity, a matter of importance when
planning improvements to the ATM Systen.

At the maecro level, policies which affect the relative
prices in the economy are examined. They may involve exemptions
from taxes, subsidies on capital, controlled interest rates, and
social policies toward employed workers which increase real
wages. Such policies are generally enacted for the dominant
sector, but their effects spill over into agriculture.

Finally, the importance that the government attaches to
scientific and technological research is examined since policy
toward science and technology may be indicative of the importance
government attaches to research, including agricultural research.

At the level of the intersectoral allocation of resources,
interest centers on the priority accorded to agriculture
(expenditures on research, extension, subsidies, and other
services) in relation to the size of the agricultural sector
itself. For this analysis, comparisons with other countries
provide a frame of reference. Efforts are made to understand
whether the ratio of agricultural expenditure relative to
agricultural gross domestic product reflects investment,
transfers through subsidies, or the costs of bureacracy.

The final level of policy analysis addresses the policies of
the agricultural sector itself, and the coherence of research,
extension, and related programs. Particular attention is given
to the extent to which research, extension, subsidies, aad
support services operate in the same or opposing directions, and
whether or not such policies operate uniformly across the
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agricultural sector or only for particular crops.

¢. Instruments

The policy analysis relies on literature searches,
interviews with policy makers, and analysis of basic statistics
relating to government expenditures, public finance, and the
behavior of the banking system. Sector studies provide much of
the information about specific policies.

d. Procedures

Initial attention focuses on identifying policies operating
at the three levels described above. Reasons for each poliey and
its implications for the agricul tural sector are described.
Where implications for the agricultural sector are negative, the

Possibility of changing the policy, or enacting compensatory
measures, is assessed.

4, Institutional Improvement Analysis
a. Purpose

The preceding analyses help identify key organizations and
System=~level improvements. The institutional improvement
-analysis carefully considers individual organizations, It looks
at the major technology generating and transfer institutions with

a view to suggesting improvements in institutional processes and
resource use,

b, Content

The analysis of a particular institution begins with its
origins, mandate, and governance structure. An organization
emerges out of a given context and both its mandate and
governance structure will reflect conditions prevailing at the
time of its creation. A first step, therefore, is a synthesis of
materials dealing with the creation of the institution: its

purpose, relationship to other organizations, its powers and
means of action.

The key internal functions found important in other studies

provide the focus for the analysis of individual organizations.
These are:

®problem identification

®priority setting

%obtaining adequate financial support
fattracting/retaining human resources
'development of adequate infrastructure
®programming research
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Smanaging linkages with the technology'environment
Smonitoring and evaluating research; and
fcommunicating results to clients and policy makers.

The institutional improvement analysis compiles the information
needed to assess the adequacy of the performance of these
functions and to suggest improvements.

c. Instruments

Information for the improvement analysis comes from personal
interviews, literature reviews, aand the results of two surveys.
The surveys and their use are discussed be 1l ow.

#Survey of Institutions

The analysis of a particular institution requires data of
both a quantitative and qualitative nature. Much basic
jnformation on the structure, organization, funding, and human
resources can be collected through a survey instrument like the
ISNAR/IFARD Survey of National Agricultural Research Systems.
The standardization of information collected across institutions,
and eventually across countries, provides a means of comparing
institutions with "norms" for the region. Many countries have
already responded to the current Survey and the data are beling
checked and refined for publication in ISNAR as a data base on
national research systems.

®Human resource inventory

The quality and quantity of human resources are the basis of
any research system. The collection of comprehensive data about
scientific personnel is a first step toward understanding the
functioning of the institution. Information must include the age,
sex, and educational characteristics of scientists and sendior
administrative personnel; their career history, their current
function and location, and detailed information on remuneration
and other benefits. In many advanced systems, this information
is available from administrative records and may be compiled by a
local research assistant, or drawn directly from the computer.
In other systems, not all this information is available and use
of a human resource inventory questionnaire is recommended
(e.g. ISNAR Working Paper #3).

d. Procedures

Where the data have been compiled in consistent fashion,
comparisons across countries or institutions may be the best
guide to the relative effort of an institution. Attention
focuses on key ratios such as operating budget per scientist,
operating budget as a percentage of total budget, and percentage
of total budget coming from national sources. We propocse the
use of standard database information like that being collected by
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ISNAR and IFARD, but a major donor is likely to have its own
information.

%Analysis of human resource information

The analysis of human resources involves study of three
issues: the sufficiency of human resources in quantitative terms,
the appropriateness of the disciplinary mix, and the adequacy of
conditions of service for retaining and motivating researchers.

The first issue is studied by comparing the ratio of M.S.
and Ph.D. scientists to total scientific staff with norms for the
region, or with advanced systems. The appropriateness of the
disciplinary mix is derived from the basic disciplines and
specializations that are critical in the research or extension
program. This comparison of needs and resources leads toward a
human resource plan.

The attraction and motivation of human resources is a
management issue. To analyze the problem, an elementary human
capital approach should be taken which treats investment ia human
beings in the same way as investment in physical capital.
Productivity, and therefore salary, are presumed to be related to
formal education and experience. In developing countries, the
prediction of earnings from a multiple regression analysis of
education and experience factors is helpful in summarizing labor
market information and in identifying the principal determinants
of income. This "earnings function" estimates the relationship
between the salary of scientific and technical personnel and
formal education, experience, and personal and Jjob
characteristics. Income profiles may be derived from the model
and compared across institutions. The height and shape of the
income profile give important evidence about conditions of
service and the ability of an employer to retain personnel, Flat
income profiles offering little promotion tend to produce high
turnover unless salaries are higher than in other institutions;
rising profiles attract and retain staff but become expensive to

maintain. Improvements must deal with both the structure and
level of salaries

C. The Case Studies
1. Purpose

The case studies define the ATM System by examining specific
examples of its operation at the "field level." Individually, the
cases are micro-level pieces of the ATM puzzle. Collectively
they form a detailed picture of the System as a whoele, Thelir
purpose 1is to test hypotheses generated in other phases of the
ATMS Review concerning the performance and productivity of
research/transfer programs in the field. An equally ifmportant
oblective is to identify constraints cperating on the Systen
which are not revealed in other phases of the review and wh:en
need improvement. The case studies are %hus a vital comc-lements
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to the institutiomal analyses. Without ¢then, serious
misjudgements could be made by failure to understand how policies
are actually executed. While case studies are not normally a
part of donor assessments, the additional effort yields a more
pragmatic awareness of System constraints and more fipely tuned
recommendations for change. Suggestions for improvements in the
System and in individual commodity programs are a principal
product of the case studies. .

2. Contents

An introduction to each case study quickly outlines key
historical events and trends, key actors and issues which
determine the performance of the commodity, discipline, region or
issue selected. This section closes with a brief identification
of the principal problems to be resol ved.

An historical and structural analysis focuses in some detail
on key indicators of production and consumption trends, on trends
in technology generation and application, and on the impact of
technological advances. The analysis begins by setting the case
in perspective within the agricultural sector, for example, by
indicating the importance of a commodity in terms of its
production value. Key yield, price and cost data subsequently
permit an evaluation of productivity. The next section reviews
historical developments in the Technology Generating Systenm
(TGS), identifies central institutions, and discusses the most
important advances and constraints of the System. A final
section analyzes the impact of technological advances on
production and productivity in terms of commodity ylields and
production costs. Comparisons within the region and beyond help
set achievements and constraints in perspective. '

An important part of the study focuses on key resource,
management and environmental variables which have influenced the
effectiveness of the TGS. The adequacy of human, financial and
physical resources is assessed, as well as their contribution to
TGS achievements. An analysis of key management functions
follows, indicating how well available resources were manipulated
to reach commodity objectives. A final section focuses on key
variables external to the TGS == principally institutions anc
their policies == which affect the performance of the TG S. or
greatest interest is whether these external forces have alided or
impeded the functioning of the TGS and its impact.

Included in each case study, just preceeding the analysis of
key variables, is a table summarizing critical technologicail
events and their impact on the development of that commodity.
The determinant factors -~ both positive and negative -~ are
summarized for each event in a subsequent table. Each factor is
identified as a resource, management or environmental variable.

A final section summarizes major conclusions anad
recommendations for improvement which are made throughout tae
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analysis. They are prompted by the analysis of variables

determining the performance of the System, and address needs
Specific to the commodi ty as well as to the System as a whole.

3. Instruments

The Intervention Opportunities Matrix (IOM) is the unifying
instrument of analysis for the case studies. It brings together
key resource, management and environmental variables from the
studies and groups them to clarify which variables have been most
important in determining the benefits of the Systen,

This final, miero-level stage of the methodology serves to
test inferences distilled from previous stages concerning the
importance of R, M, and X on field=level outcomes. It 1is
essential since factors which appear to be highly important (or
unimportant) to the productivity of technology generating
institutions at early stages may have made little difference (or
a great deal of difference) when examined in the fiel d. Al so,
the IOM helps rank the relative importance of each variable, and
thereby identifies critical areas for interventions by national
and international organizations.

Arrayed along the vertical axis of the Matrix (Table
3.III.2) are significant technological outcomes and their
associated impacts, identified in the institutional and case
study analyses. Along the horizontal axis are R, M and X
variabl es, Cells in the matrix are filled with measures of the
importance of each variable in the observed outcomes.

Ideally, technological outcomes should reflect values of the
total economic benefits of the associated research, as well as
Some measure of the distribution of benefits among consumers and
producers. In practice, however, proxy variables of taese
concepts will need to be devised.

We suggest ranking the total level of benefits for each
technological outcome, and similarly ranking the distributional
impacts for consumers and producers. In a sophisticated coding
Scheme, variables could be assigned numerical values from one %o
five. Hence, if the level of benefits is high and both producers
and consumers received correspondingly high shares of the
benefits, the technological event would receive a score of 1=-1-1,
However, a variable which notably constrained the level of
benefits but was neutral in terms of its effects on the division
of benefits between producer and consumer groups would receive a
score of 5-3-3. In a simpler coding scheme, variables could bde
rated positive, negative or neutral and their importance
determined by a tally of these signs.

Scoring schemes for the IOM must be accompanied by
narratives which add background and interpretive information.
The Matrix is an organizational aid wkich serves primariliy to fix
ideas and to summarize observations of the review team, as well
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Table 3.III.2.

VERTICAL
1.
2.
3.

Intervention Opportunities Matrix

AXIS - Benefits of technological events (B)

Level

Share going to, and distribution among consumers
Share going to, and distribution among producers

HORIZONTAL AXIS - Determinants of technological events
Resource Variables (R)

Budget resources

1.

2'

3.

a.
b.
c.
d.

level
continulity
balance
source

Human resources

a.
b.
C.

quantity
quality
continuity

Physical infrastructure

a.
b.

avallability
quality

Mapagement Variables (M)
Structure and organization
Priority setting

Evaluation and monitoring
Financial resource management
Human resource management
Management of interactions

e o e

WO 00~ o I
L]

a.
bl
c.

inside TGS ' .
with other national institutions
with international institutions

Techpnology Epvironment Variables (X)

Policy environment

10.

11'

12.
13.

a.
b.
c.
d.
e.
L.

development policies and objectives
fisecal policy

macro price policy

science and technology policy
private investment incentives
service infrastructure

Structural conditions

a. political ideoclogy

b. cultural and historical environment
c. soclo-economic environment

d. population

e. ratural factors

Donors

International technology generation and transfer

systen



as to highlight especially significant variables and influences.
For example, an R variable which seldom receives scores of less
than four or five must be interpreted as a pervasive constraint
to technological generation. If a variable received low values
for many high payoff technological events, we would infer that it
has been a very important determinant of the payoff of
technological events.

Thus, suggestions for consolidating success in the Systenm
flow from an analysis of positive determinants, anad
recommendations for improvement are derived from the weighing of
negative determinants. Nevertheless, the IOM cannot provide
exhaustive detail or substitute for familiarity with the System.
Instead, it is a tool which assures a systematic approach to an
analysis of key variables and their interactions in determining
the performance of the ATMS.

4. Procedures

Since the cases should represent a true picture of the whole
ATMS when considered collectively, their selection is important.
Initial review of available literature and interviews with
representatives of central institutions in the agricultural
sector should be planned with the goal of identifying suitable
cases. These cases should illustrate key interactions of ATMS
components with regard to R, M, X and B variables, i.e., cases
which reflect differences in allocation of sectoral resources, in
the management of those resources and of linkages withino the
ATMS, in the influence of ATMS environmental variables and in the
distribution of benefits. Each case should be chosen to
highlight one or more key issues relating to those variables,
which are summarized in Table 3.IIL3. These issues are clearly
related to the IOM in that they are specific examples of the
generalized variables making up the matrix.

Identification of a national counterpart broadly familiar
with the ATMS to assist in contacting key individuals, setting up
interviews and planning field visits is extremely helpful., That
individual can also suggest senior representatives of
organizations and groups in the TGS, TUS and TTS who would serve
as an Advisory Committee to the study tean.

Once potential cases are identified, consul tation with the
Advisory Committee is important to benefit from the members'
broad knowledge of the System. Final selection is based on the
Committee's recommendations and the study team's knowledge of
factors important in regional agricultural systems.

Statistics and literature for each case are taen
collected and reviewed. Visits are made to interview
representatives of key institutions and groups in the TGS, TUS
and TTS. Important technological events and thelr impact are
identified, and causal determinants plnpointed. Initiatl
hypotheses are reached concerning prinecipal R, M, X and 3
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Table 3.III.3. Criteria for Case Selection

Resource Variables (R)
Financial resource availability
Research manpower quantity and quality
Adequacy of physical infrastructure

Mapagement Variables (M)
Priority of the case in the national TGS
Urgency of a problem facing the case
Research expenditure on case in relation to total research
budget, and to value of case in agricultural sector
Research manpower allocated to case in relation to other
cases

Research focus, organization and strategy

Environmental Vardiables (X)
Inmportance of case to agricultural sector product and
empl oyment generation
Growth potential of market for commodity
Role of national institutions
Policy environment
Role of private sector
Role of international TGS
Role of donor community

Bepefit Varjiables (B)
Impact of new technology
Distribution of benefits among producer groups
Distribution of benefits among consumer groups



variabl es, These are discussed with the Advisory Committee,
which can assist in clarifying events and reorienting hypotheses.

A second set of field visits is made to fill out the
emerging picture, gather additional data and confirm or adjust
conclusions. A concentrated period of reflection and writing
follows, with major effort devoted to reaching conclusions and
recommendations. Another meeting is held with the Advisory
Committee to discuss these, with adjustments as necessary. The
report is finalized and presented. A seminar is also organized
in the host country with top representatives of all key
institutions to achieve the greatest discussion and dissemination
of results and to stimulate action on the recommendations.

IV. Guidelines for Organizing an ATMS Review

This section is addressed to the manager of an ATMS review
and provides guidance for staffing, schedul ing, and reporting.
The approach stresses the importance of interaction with national
staff and a local advisory committee, the need for alternating
periods of field work and desk analysis, and the need for

structured opportunities to integrate the various stages of
analysis.

A Local Advisory Committee

An ATMS review should be carried out in cooperation with a
local authority at a level Sufficiently high in the hierarchy to
have its recommendations recognized by all components in the
system. The methodology calls for the constitution of a local
Advisory Committee to provide initial guidance to the study team
and periodic review of its findings. Members 'should be broadly
representative of the technology sector and key institutions in
the politico-bureaucratiec structure; have disciplinary training
in the blophysical sciences, rural soecial Sciences, or management
sclences; and represent local public and private organizations.

The Committee's initial contribution is to identi?y
princlpal organizations in each of the components of the ATMS,
including actors in the private sector and pol itico=-bureaueratic
Structure whose roles are often underestimated in reviews
concentrating on the public technology sector, It also suggests
contacts and provides introductions to many of the orzanizations.
Finally, it plays an important role in the selection of case
Sstudies which highlight the impact of resource, management and
environmental factors ian the ATM process.

Subsequently, the Advisory Committee provides critical
review of the findings of the study at its different stages o?
analysis. This includes discussions of <the characterizatisn cf
the ATM System as presented in the functional and institutionz.l
improvement analyses, the evolution of the system descrited Iin
the sector analysis and events analysis, and discussioncf “a=2
specific case studies falling withinmn the competence of individuzl
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members.

B. Loecal Coordination

A local coordinator should be appointed by the study team on
the recommendation of the Advisory Committee for the period the
team 1s in-country. The person selected would also serve as the
the Committee's Secretary. This local coordinator would help
arrange a productive and cost-effective agenda of local
interviews and assist the team in acquiring necessary data and
literature, An agricul tural economist, having wide familiarity
with the country's agriculture, working in a planning unit of one
of the institutions-in the technology sector, is an ideal
candidate since such a person would be well positioned both to
provide information and contacts and to benefit from the study.

c. Information Collection and Analysis

The analysis has been likened to a sieve which begins at a
bhigh level of aggregation and narrows its focus progressively to
finer levels of detail on particular organizations, proce sses,
and case studies. An initial period of data collection and
interviews in the field must be followed by sufficient time for
reflection and analysis and to carry out the first sifting of the
information. Preliminary conclusions about the institutions arnd
cases can be drafted at home base and provide material for
consideration by the Advisory Committee. During a return visit,
deeper analysis of key institutions and processes and study of
additional organizations can expand and enrich the functional and
improvement analyses, More complete detail can be gaired on each
of the case studies, and additional commodities or events can be
added to highlight R, M, and X factors not previously included.

D. Integration of the Institutional Analysis and Case
Studies

The institutional and case studies analyses are
complementary ways of examining the same phenomenon, notably the
impact of resource, management and environment factors on the
process of technology generation and transfer. Frequent meetings
between individuals engaged in the two analyses are necessary to
ensure integration of their findings and to provide hypotheses
for further investigation. For example, weak institutional
linkages between policy makers and the technology sector may
appear from the institutional analyses and be confirmed by the
case studies at the commodity level; weak linkages between
research and extension may appear at the institutional level but
have little impact on the success of technology generation and
transfer at the field level. The integration of these analyses

takes place through frequent discussions among team members and
periodic review by the Advisory Committee.
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E. The Role .of the Review Team Leader

The role of the team leader extends beyond the actual pericd
of fieldwork and writing that makes up the mission proper. It
begins with defining the specific purpose of the mission and its
timing to ensuring that the findings are being used. The
activities of the leader are:

1. Establish the Purpose of the Analysis

The ATMS review may be undertaken to provide information on
a system which is poorly understood or to target particul ar
organizations for improvement while taking account of
environmental factors. The attention given to the different
parts of the analysis depends on its purpose.

2. Asaemble'Existing Information for Team Briefing

The leader must identify and assemble relevant studies and
sector analyses for briefing of team members. Considerable time
may be saved if team members have had the opportunity to study
basicec documents prior to coming to the field.

3. Discuss the Review with Local Donor Representatives

Local donor representatives can make useful inputs into the
ideatification of key ATMS institutions and processes of donor
invol vement, They may also have suggestions for individuals to
serve on the local Advisory Committee, although final selection
will depend on agreement between the team leader and national
authorities cooperating with the study.

4, Select Team Members

With strong local backstopping and cooperation, we telieve
the study steam can be limited to three members: a poiitical
economist/agricul tural economist contributing to the sector
analysis and interventions opportunities matrix; an ATM Systenm
specialist to contribute to the functional and improvement
analysis, and a biophysical scientist to lead the case studies of
technological events.

5. Schedule and Ensure Execution of the Mission

The team leader is responsible for organizing the tiaming of
the mission to ensure the presence of team members at the saae
time, periods of interaction among them and the Adviscry
Committee, and a period for integrating the separate analiy=zes.
Final publication and submission of the report rests with
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team leader.

6. Organize Follow-up

The methodology calls for an in-country seminar to discuss
the conclusions and recommendations of the report with
representatives of key ATMS organizations. This is a crucial
step to turn information and recommendations into action. It
will be the first discussion of the ATMS approach for some
participants and an opportunity for them to view thelir
institutions in a wider framework. If the recommendations gain
wide acceptance among participants, members of the local Advisory
Committee could take the lead in promoting improvements in line
with the findings of the mission.

V. Costs, Logistics, and Timing

Diagram 3.V.1 outlines the stages of an ATMS review. From
left to right it shows the activities which must be carried out
in the field and at home base, The preliminary review of
literature and briefing of the team members takes place at home
base. The discussion of terms of reference of the study,
organization of the Advisory Committee, and identification of the
principal components of the ATMS takes place during an
exploratory mission in the field. Preliminary analysis of the
information is carried out at home base. This i3 followed by an
extended period of field work to compile detailed information for
the case studies and the institutional analyses. Returning to
home base, the team prepares and integrates the institutional
analyses and the case studies. A preliminary identification of
points of intervention is then taken to the field for discusson
with the Advisory Committee, A final report is prepared taking
account of suggestions of the Advisory Committee.

The study team of three persons would need a period for pre-
study (15 days); another for a first investigative ¢trip to
prepare the ground in-country (7-10 days); two periods of
intensive field work, with time for writing first drafts 1in
between (90 days); and a final period for drafting the report (45
days). Therefore, we estimate a 16 person-month level of effort
by the study team, plus up to three person-months by the local
coordinator, for the entire study. Total costs for an
internationally recruited team to work in Latin America should
not exceed $ 125,000 (Table 3.V.1). This includes the generation
of basic information about the ATM System which is needed to
support the various analyses undertaken.

The costs of an ATMS review as just described assume that
an external review team, working with a local coordinator, musc
collect and analyze the basic information which supports the
various analyses. This includes original data collection on the
structure, finances, and human resources of key institutions, as
well as undertaking case studies of selected crops. The times
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Diagram 3.V.1. Scheduling of an ATMS Review

Months
1 2 3 b4 5 6

Activity

1. Pre-Mission Preparation XX

2. Exploratory Mission XX

3. Preliminary Analysis IXXX

4, Main Field Work XXXX

5. Main Analysis XXX

6. Review Findings with
Advisory Committee X

7. Final write-up and
pubtlication . XXXXXX

8. Follow-up with ATMS
Seminar X
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Table 3.V.1,.

Costs of an ATMS Review

Litenm Units Jotal Lost/Unit Lost
Staff

Economist months 5.5 $4,000 $22,000
ATMS Specialist " 5.5 4,000 22,000
Biophysical

Scientist " 5.5 4,000 22,000
Local Coordinator " 3.0 2,000 6,000
Iravel

International Round trips 12 1,000 12,000
Per diem days 180 100 18,000
Domestic Round trips 6 250 1,500
sSupport Staff

Research Assistant months 2 1,500 3,000
Secretarial months 4 2,000 8,000
Communications 1,500
Publication and
Distribution 7,000
Total $123,000




indicated for alternating periods of data collection and apnalyasis
are the minimum required, given the need to cast a wide net at
the beginning, and to sift information at each stage of the
analysis to arrive at a detailed understanding of the functioning
of the system. Even small Latin American systems are complex and
a minimum amount of time i3 required to visit key officials and
technical people. The corollary is that the costs are not likely
to rise much as the system to be studied becomes larger.

The cost of an ATMS review is not high in relation to the
amounts of money that a major donor is normally prepared to
invest., As a one-time investment, the description of the ATM
System will become an input to other planning activities. The
constraints identified by the methodology fit directly into the
log frame analysis of a Project Identification Document. The
permanent database on the system will save future missions the
task of collecting and analyzing basic material that is often
difficult to obtain, Finally, the nature of the policy dialogue
over system improvements will be improved by casting of the
discussion in a formal framework.

However, there are ways of reducing costs of suca reviews.
Significant economies could be realized 1if one or more
organizations were given the task of creating specialized
capabilities for collecting and analyzing information. Spreading
the investment in setting up a permanent.database over a number
of reviews would certainly bring the average cost of a review
down. In addition, this would facilitate the cross-country
comparisons that the methodology affords. Second, the members of
the consortium could continuously refine the methodology, and
this should further reduce the costs of an ATMS review, subject
to the recognition that even small systems are compl ex. Finally,
those working with the database and the methodology could brief
assessment teams on their use, thus decreasing the in-country
time required by team members.
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III. Case Studies
A. Introduction

1. Relationship of Case Studies to Institutioral
Analysis

Given the complexzity of the ATM system, it is important to
examine specific examples of bow ATMS interactlions affect the
performance of agricul tural commodities or other subunits of the
sector. Commodities have beea chosen in this study because much
of the Panamanian Technology Generating System (TGS) is organized
along commmodity lines. However, it would te equally appropriate
to choose an area-specific focus such as a regional development
project, or a thematic topic such as plant protection,
particularly when such approaches are taken by the TGS. Given
additional time and budgetary resources, a case study of this
nature would be undertaken to complement the commodity studies.

The intent of the case study analysis is to examine the
working of the ATMS "in the field." Case studies are carried out
through extensive interviews with key actors in every component
of the ATMS - with researchers, research administrators,
producers, private sector representatives, administrators and
policy-makers in the support service institutions. Visits are
made to laboratories, experimental statioms and farms to see the
TGS in action, and to processing plants, seed production units,
libraries and offices of the many agencies and institutions
making up the ATMS, Pirst-hand exposure tothe ATMS in the field
and to the range of views expressed by participants in the ATMS
facilitates an in-depth understanding of the system.

The commodity case studies serve well to identify
variation among institutional priorities and policies arnd to
reveal strengths and weaknesses of the systenm Analysis cf cases
in which commodity performance has been unsatisfactory has
targeted points of intervention, while cases of satisfactory
commodity performance signaled patterms for reicforcement.

Examination of commodity cases confirms, alters and
contrasts assumptions regarding institutional priorities. For
example, BDA, IMA, ISA and ENASEM are all heavily committed to
the rice sector with much lesser commitments to a few other
commodities. In contrast, IDIAP focuses its budgetary resources
on animal production, rice and maize, but Iits mandate encompasses
over 20 additional commodities. The comparison raises questioas
regarding the effectiveness of a research orgaanization with such
a large mandate, and indicates that policy conseasus may be a
constraint.

Commodity case studies are particularly useful fer analy
interactions and linkages between ATMS iastitutionms in the Du
and private sectors. Carefully selected and cozntrasted
studies reveal factors which favor sitrong private se
interactions with public sector TGS institutions and thcose
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constrain 1it.

Commodity analysis elucidates the effects of variables in
the TGS policy environment, either at the national or
international level. For example, only at the commodity level can
the contribution of the ITGS be appreciated. Issues for analysis
include the appropriateness of internationally generated
technology, management of institutional linkages to the ITGS, and
role in national TGS manpower development, among others. '

Finally, benefits from the TGS are quantified in terms of
increased production and productivity of agricultural sector
commodities, Distribution of those benefits is traceables
through a structural analysis of farm size and share of
production per size class. The information is then used to
evaluate the appropriateness and effectiveness of institutional
clientele targeting policles. This issue 1is particularly
relevant when Jjudging the effectiveness of the TGS for
traditional commodities as opposed to market-oriented
commodities,

2. Criteria for Selection of Case Studies

The objective of this process is to select a limited number
of cases which best illustrate key interactions of ATMS
components with regard to R, M, X and B variables. Cases were
selected on the basis of criteria which were summarized in Table
3.III.3.

Justification for the selection of the commodities rice,
maize, legumes, onion and tomato is derived from these criteria.
Rice and maize were selected because of their major importance as
food crops in terms of value and employment generation. The two
commodities provide a contrast between R, M, X and B variables
for commercial erops versus traditional crops. The rice case 1is
a unique example of the positive effects of policy consensus on
the impact of the TGS, in contrast to the lack of conseansus and
impact characterizing the maize case. Maize 1llustrates the
peculiar constraints placed on the selection of research
strategies for traditional crops within the pudblic TGS. The
contrasting market orientations of the commodities are reflected
in differing weights placed on the distribution of benefits in
rice and in maize.

The legume case is actually a comparison of three related
commodities - cowpea, bean and soybean. The issues highlighted
in these cases relate to market demand and incentives for private
sector investment. In the case of cowpea, decline in market
demand has resulted in neglect by the TGS and in the pol iecy
environment, despite the crop's relative importance in production
value and rural employment generation. In contrast, a strong
market demand for a particular bean variety has markedly
influenced legume research priorities in the TGS. The case of
soybean is that of a commodity without producers and without a
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market. Soybean 13 unique in that TGS resources were allocated
to technology generation for a new crop and technology was
successfully developed, yet the policy environment failed to
provide incentives for private sector investment to create 'a
market. Soybean also illustrates the ability of the TGS to solve
technical problems when research atrategies are freed fron
constraints.

The onion case represents the positive influence of producer
groups on the TGS, and the effect of market potential as an
incentive to private sector investment. In this case, producer
cooperatives have provided leadership for TGS efforts and
influenced allocation of research manpower. It will be
seen that their support has influenced the policy environment,
although it remains unfavorable.

The tomato case highlights the impact of a single private
sector organization on technology generation, transfer and
adoption to an extent not matched in any other commodity. The
company 1s collaborating closely with the public TGS in tomato
research. Transfer and adoption of new technologies is easured
via production contracts with farmers, which also guarantee the
market. The company 1s also successful at influencing the poliey
environment, This degree of coordination amoag public and
private sector organizations 1s unique, but raises interesting
questions with regard to distribution of benefits.
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B. Rice
1. Introduction

From the mid-1940's to the B1id-1970's, the principal
constraints to rice production in Panama were technical in nature
- the need for lmproved varieties and production practices,
including mechanization., Certain resources were lacking -
skilled human resources and physical infrastructure. Technologies
and expertise were Supplied from external sources. The politico-
bureaucratic Structure focussed its attention on nurturing the
development of the rice-producing sector, Supplying credi:t and
Physical infrastructure, Placing human resources in technology
adoption and transfer, and developing policies designed to
Provide market incentives. The private sector Was permitted free
rein to provide the Décessary inputs and to benefit from their
distribution.

The Technology Generation Systenm (TGS) was non~existent in
the early Years, but began to develop with the experience of
adopting imported technologies. Skilled human resources were
fostered through daily interactions with expatriate scientists
and through formal training programs abroad. Direct invol vement
of expatriate teams 1in the adoption of rice technologies ceased
with the termination of the SICAP program in 19614, National
personnel began to take their Places, still preoccuppied with the
adoption of technology, but already working toward the
replacement of other external resources, such as improved seed.
Seed multiplication and distribution technologies were
Successfully adopted and by 1973 had almost totally substituted
for the importation of improved seed from external sources,

The young TGS continued to grow into the mid-1970's through
many institutional reorganizations. The importance of the TGS was
fully recognizing with the creation of IDIAP in 1975, The se
eévents culminated in the production of annual rice Surpluses by
the mid-1970's,

The mid-1970's marked the turning point in the development
of the rice TGS. The achievement of surplus production - a
laudatory event - signalled the realization of national goals
Wwith respect to rice production and the need to reorient
agricultural sector priorities. Meanwhile, the release of
nationally-developed rice varieties in the late 1970's indicated
the naturing of the TG S. However, the politico-bureaucratic
structure was slow to make adjustments, Policies and
institutions werse Still oriented toward encouraging rice
production, and those who had benefitted (producers,
intermediaries) had the political Strength to oppose changes. By
the early 1980's, economie constraints had increased to the peint
where the need for reoriertation of sector policies was clear.
Budgetary réesources and external variables have become the most
limiting constraints, and Banagement is focussed on increasing
efficiency of production - a2 more difficult task than lncreasing
Production per se. The TGS continues to exploit external sources
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of technology through the international IGS, which is also
preoccuppied with similar concerns about production efficiency.

However, resources may begin to flow out of the rice TGS as the
policy environment is reoriented.

2. Historical aad Structural Analysis
a. Production and Coasumption Trends

Rice is the most important food erop in Panama, despite its
relatively recent introduction in the 18th century. Rice
production accounts for roughly 20 percent of the national
agricul tural product (IDIAP, 1983a) and is second orly to bananas
in value (Anon., 198%). BRice provides roughly 20% of the calories
and 143 of the protein inm the national diet. Per capita
consumption at 56 kg/year is one of the highest in the region
(DEC, 1984; Lasso, pers. comnm.).

Rice is produced as a sSubsistence crop thoughout the
country using traditional methods. 1In sharp contrast, commercial
production of rice in Panama is highly mechanized and makes
extensive use of aerial applications of fertilizers acrd
pesticides. The most productive province (Chiriqui) accounts for
almost 50 percent of the national harvest (DEC, 1985).

Currently, the production area is slightly greater than
100,000 ha. Rainfed rice predcminates; only five per cent of the
area is irrigated. Mechanized production methods are used on
Balf of the area and traditional methods on the remaining halrf
(DEC, 1985; Lasso, pers. conm. ).

Production volume was roughly 200,000 metric tons (t) of
paddy rice for the 1983/83F season and national yields averaged 2
t/ha (DEC, 1985). Traditional farmers average only 1 t/ha while
mechanized farmers reap 3.5 t/bha, and yields of 5 - 6 t/ha have
been achieved in rainfed rice (Lasso, pers. comm.). Nationa:
yields are low in comparison with reglonal countries - %ten

countries have higher yields and only tw@wo have lower yields (FaC,

The structure of rice production i1s determined by farm size
and technological level of production methods. Nipnety=-six per
cenat of all rice farms are 3ubsisteace farms of one bectare,
dccounting for 57 per cent of total rice area but only 32 par
cent of production. At the other end of the scale, 1.6 per ceat
of the rice farms occupy 30 per cent of total rice arsea

(averaging 33 ha}, but provide 51 per ceat of total producticn
(DEC, 19385).

Production costs are estimated at $250/aa for traditional
methods and 8600-800/ha for mechanized rainfad rice (IsArszz2y,
1982; 1S4, 1984; Lasso, pers. comm., Watts, pers. comm.). Cosc:as
of fertilizer and other chemical ‘nputs are as much as thre

tines higher than in the O.S3. (d20m., 1984, These costs nav
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also been higher than in other regional countries until recently,
when regiomal prices rose to comparable levels due to the strong
U.S. dollar (Gordon, pers. comm.). High production costs and
relatively 1low productivity are responsible for national
production inefficiencies, despite the good performance of top
producers.

Panama achieved self-sufficiency in rice for the first time
in 1955 (IDIAP, 1983). Virtually the only rice imported is used
as seed. However, contraband rice enters the country from Costa
Rica because of high price supports (approximately $300/t for
paddy rice) paid to Panamanian farmers. Surplus production has
occurred periodically sinece 1973.

Rice 1s commercialized through both public and private
channel s. However, 30 percent of the harvest is consumed on-farm
and never enters the market. The largest proportion of the
commodity 1s marketed through an intermediary network of more
than 100 private mills (only 40 of which have storage capacity).
The national Agricultural Marketing Institute (IMA) purchases and
stores 10-20 percent of the production at guaranteed prices. The
price paid to producers is set by the Minister of Agriculture,
based on recommendations provided by the Natiomal Rice
Commission. (However, this price i1s guaranteed only for that
portion purchased by IMA - most farmers receive less). The price
paid by consumers is set by the Office of Price Regulation. Lue
to the importance of the commodity, the spectrum of institutions
involved in the politico-bureaucratic structure is wide and
interactions are complex.

b. Trends in Technology Gemeration and Application

Currently, IDIAP and FAUP are the prinecipal rice technology
generating institutions, with inputs from the internmational
agricultural research organizations and, to a limited extent,
from private firms. The development of the present TGS spans
four decades and merits a brief review.

Traditional methods of rice production prevailed in Panama
until the 1940's and, on many small farms, to the present.
However, important events occurred in the early 1940's which set
the stage for the rapid expansion of modern rice production in
the next three decades: The Ministry of Agricul ture, Commerce
and Industry (MACI) was created in 1940; agricultural training
capability was established inm 1941 with the founding of the
Instituto Nacional de Agricultura (INA - part of MACI) at Divisa;
and the Banco Agropecuario was organized inm 1942 (IDIAP, 1983a).
INA proved to be a vehicle not only for training, but also for
applied research and extension, and for collaboration with
international technical assistance agencies. The establishment
of the Banco Agropecuario set in place a mechanism to channel
public funds to agricultural development. The first efforts to
introduce mechanization followed very quickly in both the public
(INA)} and private sectors and set a pattermn for the future
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(IDIAP, 1983a). Publiec and private contributions to technology
development in rice proceeded both collaboratively and
competitively with almost equal impetus for over two decades.

The decade of the 1950's saw a spurt of technological
advances 1in agronomic practices, plant protection and
institutional development. Two important events paved the way
for external technical assistance to strengthen the TGS. The
first was the arrival ‘of an agricultural mission from the
University of Arkansas, which spent the years 1952-53 in
residence at INA. The second event was the creation of the
Servicio Interamericano de Cooperacion Agricola (SICA?), a
cooperative effort involving U.S. and Panamanian scientists wgo
worked together from 1958 to 1963. SICAP provided valuable
professional experience for Panamanian scientists, several of
whom hold key positions in the TGS today (IDIAP, 1983a; Ocana,
pers. conmm.). Late in the decade, the Agricultural Faculty was
created at the University of Panama (PAUP), which was to play an
important role in research and technology gezeration in the
1960's and 1970's.

Meanwhile, the national Economic Development Iastitute
(IPB) promoted the use of mechanization and fertilization, and
new insecticides and herbicides were introduced by SICAP aad the
Arkansas Mission in collaboration with researchers from MACI.
Importation of improved varieties from the U.S. began at the end
of the previous decade. These were tall varieties (Nira,
Bluebonnet, Rexoro) which yielded 1.3 - 1.8 t/ka and were widely
adopted during the 1950's, IFE initiated a program in 1953 to
stimulate national seed production capabilities by providing
price inacentives for high quality seed. IFE also coilaborated
with the private sector to provide credit for the purchase of
fertilizer, Late in the decade, a soil laboratory was
established by SICAP to provide solil analyses aand to tailcr
fertilization recommendations more precisely (IDIAZ?, 1923a).

The {960's saw a major expansion in land area devoted %o
rice production and the increased use of mechanization. Alce
areas rose from roughly 100,000 ha to 133,000 ha in the middle of
the decade. Production jumped almost 50%, from 109,000 in the

1950's to 163,000 t paddy rice by the end of the decade (DEC,

1985). The increase was due as much to expansion of land area as
to bigher yields.

The private sector strengthened its role in the 196C's by
developing compreheasive exteansion programs, including techaniecal
assistance and credit for inputs. They distribduted the
insecticides and the new herbicide propanil, which were
introduced by SICAP. By 1965, propanil was adopted extensively,
due to its effectiveness 13 controlliing pnarrow-leaved weeds
(IDIAP, 1983a; Lasso, pers. comm.; Ocana, pers. coma.).

ri

Numerous agronomic studies were carried out durizg the
1960°'s. Follcwing the termination o2 the SICAP® ancd Arxazsas
progranms, FAQ ipitiated collaborative programs with MACEI.
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Irrigation and fertilization were the focus of two major projects
of four and six years, respectively. The seed production program
was also transferred to MACI. Significant efforts were made to
up-grade .soil testing capabilities with analytical procedures
from North Carolina State, financed by USAID (IDIAP, 1983a).
FAUP conducted experiments through the 1960's on rice technology
adaptation and validation, mostly short-term in nature, but
important in building human resources (Lasso, pers. comnm.).

Early on, rice blast caused by Pyricularia orvzae proved to
be a major constraint to rice production, to which the American
varieties were susceptible.: Not until 1963 were improved
varieties with genetic tolerance to blast available in Panama,
imported from Surinam via El1 Salvador. These were tall varieties
developed prior to the "Green Revolution." The first dwarf
variety, IR-8, was introduced in 1967. 1In the following year a
hybridization program was started at INA in Divisa, and INA's
mandate was expanded to cover the entire country (IDIAP, 1983a;
Lasso, pers. comm.).

Adoption of mechanization was largely completed by the start
of the 1970's, and land area devoted to rice declined slightly
during the decade. Widespread adoption of the new dwarf
varieties was principally responsible for rising yields and total
production over the decade. MACI, FAUP and INA played important
roles in evaluating and disseminating germplasm and agronomic
practices introduced from the outside. Other technological
adjustments were needed, however, because the new varieties were
susceptible to rice blast. Massive use of fungicides, introduced
by INA, was necessary to combat the disease. The first blast-
tolerant dwarf varieties, products of national breeding efforts,
were released in 1977 (Lasso, pers. comm.). These were
Ssignificant advances for a country which, little more than a
decade earlier, depended omn tall, poorly adapted introduced
varieties.

A surge in the formation of collective farms, the result of
agrarian reform legislation, markedly affected the structure of
rice production during the 1970's. These organizations received
technical assistance and services from public sector agencies and
were quick to adopt mechanization, chemical inputs and improved
varieties. Their contribution to nationmal rice production
reached 15 percent in the first part of the decade, but
declined to 10 percent by the end of the decade, due to
reductions in area. This trend continued into the 1980's (IDIAP,
1983a; Ocana, pers. comm.).

A major reorganization of national agricul tural institutions
in the m1d-1970's significantly altered the sector's politico-
bureaucratic structure and resulted in a recrganized Ministry for
Agricultural Development, MIDA; creation of the national
agricul tural research agency, IDIAP; the agricul tural marketing
institute, IMA; and the agricultural insurance institute, ISA.
With respect to rice research, the institutional reorganization
resulted in the transfer of senior investigators from MIDA and
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FAOP to IDIAP, but did not Slow the pace of rice research. In
fact, collaboration between FAUP and IDIAP is better on rice than
on any other commodity, The institutions collaborate on
Danagement of international varietal nurseries, production orf
basic and registered seed, and share seed storage facilities
(Rodriguez, pers. comm.). Since the leadership of rice
technology generation during the 1970G's and 1980's was shared
principally by these two institutions, we turn Eow to a brierf
review of their programs.

¢. PAUP and IDIAP Rice ?rograms

As the major national cereal crop, rice has received Bigh
priority in research at FAUP and at IDIAPR. However, research at
FAOP has not been as closely coordinated as that at IDIAP due to
differences in their respective mandates., PFAUDP's goal is the
generation of technology for teaching purposes, with students as
its primary clientelae. IDIAP's mandate, in contrast, is the
generation of technology for national agricultural development,
with farmers as its primary clientele. However, a 1983 review of
FAUP research programs led to the recommendation that research be
aligned more closely with national needs (Neyra, 1983).
Inpl ementation of these recommendations will be incorporated in

an expansion of FAUP's research centers, currentliy under
contemplation.

The orientation of pice research at FAUP placed increasing
emphasis on genetic improvement during the 1970's. Collaboration
with international agricul tural institutions Such as IICA, IRRI
and CIAT provided access to sources of germplasm for evaluation
and selection under local conditions. Tolerance to rice bl ast
¥as the foremost objective (Lasso, pers. conmm.). Major efforts
were also devoted to the production and processing of improved
rice seed, to reduce dependence on imzported supplies. The sale
of this seed to the national seed company, ENASEM, provides a

sigrificant source of income to FAUPR's budget (Rodriguez, pers.
comm. ).

At present, rice research at FAQP 1is carried out by cne
senlor investigator, one assistant, and three technicians, The
annual program budget, exclusive of salaries and maintenance or
facilities, is approximately $10,000 (Rodriguez, per. comnm.).
The 1983/84 researech program included 10 projects - five on =he
evaluation of genetic materials, ore an seed production, and four
083 agronomic practices, FPAUP maintains a rice gerarlasa
collection at good seed storage facilities in Tocuamen (Panams
province) aad Alanje (Chiriqui province).

Alth the creation of IDIAP 4in 1975, rice researchers
assigned to the new iastitution carried their program with &

Jowever, tae two programs are closely coordinatad, =2 fac
the leader of PAU's rice program recently servad sSeveral ves
as IDIAP'S DBirector General. The hybridization program Iinicias
in IN4 and transferred to FAUP was continued ia IDIA? wity ¢
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same goals of tolerance to blast, in combination with tolerance
to drought and to minimum inputs. Justification for a national
hybridization program was based on the Severity of the disease in
upl and rice varieties, and the lack of attention to the problen
in international programs at CIAT and IRRI (Lasso, pers. conm.),
The first blast-tolerant varieties, Anayansi and Damaris, were
released by IDIAP in 1977 upon culmination of development
initiated in INA. Anayansi still maintains its tolerance today
with yields quite comparable to those of introduced varieties
(IDIAP, 1983a; Lasso, pers. comm.).

In 1982, IDIAP entered into close collaboration Wwith CIAT on
rice breeding research as CIAT intensified its efforts on upland
rice (Lasso, pers. comm.). CIAT provided over $10,000 for the
collaborative program in 1984 (IDIAP, unpub.) Four new varieties
-two developed in the national program and two developed
cooperatively with CIAT - are in final evaluation trials and
should be ready for release soon (IDIAP, 1983b; Lasso, pers.
comm. ).

Approximately 75 percent of IDIAP's rice improvement program
is devoted to evaluation of CIAT breeding materials, and 25
Percent to 1its own breeding efforts (Lasso, pers. comn.).
IDIAP'S crossing Program is small (100 or fewer crosses per
year), but the leader values the experience and flexibility that
it provides his program. These efforts contribute to the
development of the national TGS.

Results from agronomic studies indicate that weed control,
inadequate fertilization and insect control are the most
important production constraints, in that order. -Improved
agronomic packages have been available since 1981 and are
continually refined (IDIAP, 1983b). The international TGS is
still an important resource for agronomic technology - CATIZ has
provided roughly $100,000 for research on farming systems
including rice production (Bejarano, pers. comm.; IDIAP, wunpub.).

IDIAP's 1984 operatiang budget provided $325,000 for the rice
program, roughly 20 percent of the total budget and the largest
of any crop (IDIAP, unpub.). In terms of human resources, the
staff 1s composed of ome PhD Scientist, five technicians and five
part-time specialists. The 1984 research plan included 22
experiments on genetic imprcvement, 16 on agronomic practices
including plant protection, rine on physiology and nutrition, and
three on validation and improvement of production practices
(IDIAP, unpub.).

d. Impact of Rice Technological Advances

An assessment of gains in rice production and yields sirce
1950 reveals major advances and continuing problems. Natiorpal
rice yields have increased roughly 60 percent since 1950 (DEC,
1985). This modest gain is disappointing when one considers that
the yields of available varieties rose 150 percent during the
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same period. Imported varieties available in 1950 were yielding
1.82 t/ha, compared to yields of 34.54 t/ha of varieties available
in 1984 (IDIAP, 1983a). The dramatic increase in varietal yields
is roughly comparable to the increases realized by mechanized
rice farmers. The slow incremental gains in national yields
imply a stagnation in Yields realized by a large Ssegment of
traditional farmers, offsetting gains achieved by mechanized
farmers, National yields lag 30 - 50 percent behiand yields
obtained in other Central American countries (FAO, 1983).

Of the varieties themsel ves, 80-90 percent of those plantad
on mechanized lands are introduced, but a nationally produced
variety ranks fiprst in yield and Second ia area (Table
4,IIT.1). National varieties are more widely used on traditional
farms due to their lower demand for chemical iaput s, particul arly
for blast control (Lasso, pers. commn.). IDIAP estimates that 4if
blast=-tolerant varieties
area, the savings in production costs for chemical control would
be $3.6 million annuvally (IDIAP, unpub.). The Severity of the
blast problem and the limited availability orf blastetolerant

varieties from external sources justify current national efferts
in plant improvement.

Turning to the production of certified seed, efforts by
FAUP, IDIAP, ENASEM and precursor organizations, as well as the
recent additionm of privats firms, have had a major impact onm the
availability of improved seed. Sufficient quantities ¢?
nationally produced seed have obviated the need for imports since
1973 (DEC, 198s). Regulations controlling seed quality require
strengthening, Since millers are still permitted to sell seed o
indeterminate quality. The high cost of certified seed is due to
small supplies of some varieties. This problen should be
ameliorated under a recently initiated BID/EZNASEM project.

Table §,.III.1. Panpama: Origin, area arnd Yield of princi

gal rice
varieties grown on mechanized farms, 1984

Jarietw Origin Area (ha) Xleld (t/Rha)
CICA 8 Colombia 18,074 3.62
T 5330 Panama/7A0?2 7,075 3.31
CR 5272 Costa Rica 8,103 3.21
CR 1113 Costa Rica 3,382 3.22
ORYIZIc4 1 Colombia 3,193 3.43
METZICA 1 Colombia 1,594 3.47
ANATYANST Panama/IDIA? 1,507 3.46
ELONI Suripam 603 35.39

Scurce: Lasso, pers. coxa.
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Research on agronomic practices has been Particularly
1nfluenced by external technologies in the use of chemiecal inputs
to combat weeds, insects and diseases, and to increase soi}
fertility, Fop over two decades, 8XxXperiments were designed to
demonstrate the benefits of these inputs and to encourage theirp
use. The contribution of these inputs to high production costs
has been recognized for some years, but the public TGS has not
been markedly successful in developing and transferring cost-
reducing packages, IDIAP, in collaboration with CATIE, 1is
completing the development of a louer-cost, higher-return
production package in Chiriqui province (Bejarano, pers. conmnm.).
However, plans for the dissemination of the package have not been
laid, since the extension system is only minimallily functional
pending reorganization, In conclusion, the impact of agronomic
pPrograms (particularly in the private Sector) has been
Ssignificant in promoting the adoption of imported technologies
among the country’'s mechanized farmers, but hasgs had negligible
impact among traditional farmers. Efforts to reduce production
costs through the devel opment of improved management practices
are comparatively recent and have not yet had an impact.

Key events in the generation of rice technology and theirp
lmpact are Summarized in Table 4,111.2. Major determinants of
those events are Presented in Table 3.I1I.3, and l1dentified as R,
M or X variables for entry in the Intervention Opportunities
Matrix (I0M).

3. Analysis of Key Variables
a. Resource Variables

Three major resources are considered: buman, physical and
budgetary. Human and budgetary résources have been the
determinant variables, while physical resources have Pl ayed a
lesser role (Table 3,III1.3).

The crucial role of human resource development is
underscored repeatedly throughout the evolution of the
agricul tural sector in Panama, and exemplified in the case of
rice. Scholarship programs dating back to the late 1920's placed
professionally competent People 1in positions to lead
technological development in the public and private sectors, and
to assimilate technical assistance provided from the exterior

role equally as important as their pPublic sector counterparts.
Their presence a3sured an effective distribution System for
eéssential inputs needed to inerease rice pProductivity, Although
the technieal assistance they provided was unarguably biased
toward increased input levels, this Served a purpose in the
initial stages of technology adoption when farmers npeeded
incentives to change production patterns,

Research efforts are still relatively young in the
Panamanian agricul tural sector, and a cecritical mass of scientists
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Table 4,1II.2. Panama:

Zvent

Mechanization

Introduction of
improved varieties

Introduction of

improved agronomic
practices

Development of
national seed
industry

Development of
national varieties

with blast tolerance

National development

of lower cost

production practicss,

Technological Events in Rice

lmpact

Largely responsible for 30% increase in
land area during the 1950's and 60's,
Wwhiebh in turn was responsible for
roughly half of production increases.

Used on half of the production area
today.

Used on 80-90% of mechanized rice
areas. Responsible for half of
production increases since 1950 (in
combination with improved practices),

Used on all mechanized areas, to a
minimal extent on non-mechanized areaas.
Major factor in improved yields, along
with improved varieties.

Major impact on loecal availlability of
improved seed; imports reduced to
insignificant levels.

Planted on 10-20% of mechanized lands,

on roughly 50% of traditional lands.
Savings in production costs estimated
at $2.5 million,

Not yet adoptaed.
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Table 4,I1XI.3. Panama: Major Determinants of Technological
- Events in Rice

Event: Mechapndization

Positive Determinants:

X 10 a,f Establishment of institutions & ﬁolicies promoting
mechanization (INA, MACI/Fomentos Agricolas,
ENDEMA) ) )

X 13 Role of SICAP, Arkansas Mission

I 10 e, Distribution of inputs by private sector

Receptivity and initiative of private producers

M 5, 9b High national priority on modernizing agriculture
in 1950's and 1960's; focussed goal

M 9 ¢ Integration of technical assistance missions

R 1 a,d Infusion of external resources into public &

private sectors

Negative Determinants:
X 10 ¢ Questionable success of ENDEMA

M 5 Divided research focus today on mechanized &
non-mechanized farmers

Evepnt: Introduction of Improved Varieties

Positive Determinants:

M 9 ¢ Exploitation of international germplasm resources

X 13 Technical assistance from SICAP, Arkansas, CIAT

X 10 e Receptivity of private sector

R 2 b,e Two senior rice breeders

X 10 ¢ Development of nationmal seed multiplication
industry

#
Refer to Table 3.III.2 for explanation of R, M and X variatles.
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Table 4,1III.3. Continued.

Negative Determinants:

M 5 Divided focus on mechanized and non-mechanized
rice farming ‘
Loss of confidence by good producers
R 1 a,e Insufficient budget for field research operations
R 2 a Linited human resources in extension
i T a P
Positive Determinants:
X 10 e Receptivity of producers, promotion by private

sector
Provision of credit by private sector

I 13 Linkages with SICAPp, Arkansas, PAO, CATIE

Negative Determinants:

I 10 ¢ Excessive government intervention in market -
no incentive for more efficient production
M 5 Divided foeus on mechanized & traditional farming
Insufficient focus on agronomic practices and
aconomics
M 9 Limited integration of CATIE's agronomic research
R 1 a,ec Insufficient budget for field research operations
R 2 a Limited human resources in ezxtension
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Table 4.111.3. Continued.

Positive Determinants:

M 5 Bigh priority in government (IFE) and TGS (MACI,

X 10 a,e FAUP, IDIAP, ENASEM); private sector ("Central
Agricola,n Semillas Superiores) '

X 9 a,b Input of National Rice Commission

R 2 b,e Expertise in FAUP, IDIAP

Negative Determinants:
M 6§ Quality control, inadequate supply

M4, 9 a,p Need for stricter seed regulations

Positive Determinants:

M 5 High priority in MACI, FAOP, IDIAP
Crisis motivated research

R 2 b,e Two sénior rice breeders
M 9 ¢ Exploitation of international germplasnm
X 13 Linkages with CIAT

Negative Determinants:
R 1 a,¢ Limited resources for research operations

R 3 a,b Restricted to on-farm research
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Table 4.III.3. Continued

Event: Developmept of Lower Coat Production Techpologies

Positive Determinants:

I 13 Linkages with CATIR
R 2 b,e CATIE regional representative
R 1 d Financial resources from CATIE

Negative Determinants:

X 10 ¢ Government intervention in market - no economic
incentive to improve production efficisnecy

M 5 High priority accorded verbally, but little
program support

R 2 a Buman resources limited in research and especially
in extension

R 1 a,e Linited national investment for research
operations
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has yet to be established. Trained professionals are still a
limiting resource, hence the current program in IDIAP to augment
its professional staff in numbers and expertise. In the
meantime, the pool of human resources with extension expertise
has been depleted. Efforts to provide extension training have
received much discussion but have been subject to considerable
delay, pending reorganization of the extension service.

Physical resources for rice technology development, other
than the land itself, have been limited. Physical infrastructure
for technology development in the public sector is limited to
modest experimental centers belonging to PAUP, IDIAP and MIDA;
and grain storage facilities belonging to FAUP, Laboratory
facilities are non-existent at IDIAP and extremely restricted at
FADP. Bowever, plans are underway to expand these with the
construction of several new laboratory buildings for IDIAP on
FAUP land at Tocumen. The lack of extensive experiment stations
undoubtedly limited certain kinds of research, but it effectively
forced researchers onto farmers' fields. The desirability of a
certain amount of experimental land is clear, however, and is
pPlanned for acquisition in current FAUP and IDIAP expansion
programs, Physical resources external to the publiec TGS which
are nonetheless important to the development of rice production
include: ENDEMA's mechanization pool, COAGRO's fertilizer
pl ants, ENASEM's seed processing and storage facilities and IMA's
storage facilities; as well as private mills, seed companies,
chemical houses, ete. These resources have been adequate to
support the achie!ement of self-sufficiency in rice production.

Rice has received the highest budgetary priority nationally
of any crop (excluding bananas) for over three decades. This 1is
true in both publiec and private sectors for credit, research,
technical assistance, distribution of inputs, marketing,
mechanization and other services, Private sector resources were
effective at promoting the rapid development and application of
available rice technology through private banks and agricul tural
chemical distributors. Private sector credit for rice production
bas exceeded public credit for most of the past decade, reaching
over $18 million in 1980 (IDIAP, 1983a). However, current poliecy
in both public and private sectors calls for reductions in the
support price, credit, and area planted. These adjustments are
warranted to curb inefficiencies in rice production and should be
exploited to promote other commodities of greater potential
return to the agricul tural sector.

b. Management Variables

Timing acd balance are important elements of management
which were successfully brought to bear in the 1950's and 60's,
when a broad array of human and financial resources were
concentrated on expanding rice production. The pursuit of this
objective achieved a momentum which successfully brought the
politico-bureaucratic structure into line, with the subsequent
creation of mwmuch-needed infrastructure (ecredit, 4insurance,
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marketing, training, research) for development on a larger scale,

Two significant trends occurred in the 1970's with respect
to the allocation of human resources. Extension efforts were
reorganized to focus on collective farmers, to the virtual
exclusion of other groups. Extension agents were physically
located on the collesctive farms and performed a managerial job,
rather than an instructional one. In hindsight, this use of
human resources was inefficient and had long-term unfavorable
implications for technology transfer in Panama.

In contrast, the assignment of the most kighly trained
professionals to research activities had a positive impact on the
TGS over the long term. The trend began in MIDA and rAUP, and
wWas strengthened with the creation of IDIAP in 1975. Traircing
was a key instrument in professional growth, particularly when
linked closely to program needs. Quality and continuity of
leadership have al so been crucial elements of success. IDIAP and
FAUP have valuable resourcss in senior rice researchers who have
contributed skills and long experience to the progranms,.
Institutions such as MIDA have suffered from high turnover of
staff due to lower remuneration and poor working conditions. The
Government recognizes this problem and receatly adjusted salaries
of MIDA staff to more favorable levels.

The momentum of the rice *movement™ reached a plateau with
the achievement of Surplus production and now shows slgns of a
downward trend. Effective management is urgently needed to
prevent stagnation. Key issues in the TGS are reduction of
production costs and strengthening of socioeconomic capability.
Critical issues in the politico-bureacratic structupre include
limiting of goverament iatervention in the market, collaboration
in setting sector priorities and greater commitment to
Strengthening the agricul tural sector.

Public TGS iastitutions have taken part in several exercises
in recent years to set priorities, generally with the coecclusion
that ®everything is important.”® The result has been that
ingstitutional programs continued on their own course and
coordination between institutions was limited, The current
distance between IDIAP and MIDA conceptions of their interactions
with SENEAGRO illustrates the point. Frequent changes in top
Ranageaent at MIDA exacerbate the situation. A consensus oz
Priorities for the agricultural sector will be difficult without
a2 more favorable and stable politico~bureaucratic eavironment.

Research nmanagement involves the coordination of technical
assistance. In earlier years, technical assistance programs were
coberent because of a close focus on rice. Technical assistaace
programs today are both more numerous and more diverse, At the
Bational level, IDIAP, MIDA, BPA and ISA all provide tecanical
assistance of one fora or another, oftentimes coaflictinzng.
Coordination o2 public sector exiension efforts by a central
agency with linkages to the private sector Wwould be desirajdle,.
Numerous international ageacies are al so providiag technical
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assistance to various public sector institutions with differing
conceptions of how the TGS should function. The existence of an
agricultural sector plan would provide the conceptual framework
With which to coordinate the input of international technical
assistance agencies.

Research to reduce production costs will itself require a
greater input of management skills to coordinate biological and
socloeconomic inputs. Economie analysis is receiving greater
recognition as an integral part of the research, CATIE's
collaborative farming systems research project on rice has paved
the way for further studies, and IDIAP is already taking steps to
Strengthen its socioeconomic capablilities,

Crises are an unavoidable variable in research managment
which have often served to focus attention and resources on the
problem to good effect. The threat of widespread damage from
rice blast to susceptible imported varieties in the early 1960's
led to the introduction of blast-tolerant varieties from Surinam
and later to the focus of IDIAP's rice improvement program on
blast tolerance. Such crises are everpresent - the leading
varlety "CICA 87" is currently menaced by blast and must be
replaced, Astute research coordinators Sshould continue to be
alert to exploit such crises.

¢. Environmental Variables

Variables external to the TGS have Played pivotal roles
throughout the development of rice technology in Panama.
External sources of knowledge (technical assistance) and
materials (germplasm and agrichemicals) were eritical inputs to
the TGS and continue to be important components of the present
System. Many representatives of the TGS now believe, however,
that the most pressing problems are no longer technical but
soclo=political in nature.

The National Rice Commission was established in 1983 as a
mechanism to bring the diverse entities of the ATMS together to
coordinate policies on rice. The Commission has created an
incentive for producers and millers to organize themselves and
has helped improve the procedure for setting prices (Lasso, pers.
comnm.), Both IDIAP and FAUP have representatives on the
Commission who interact with public and private officials to
recommend rice varieties and price support levels. The committee
recommended a seven percent reduction in the support price of
rice in 1985, in line with recent Government policy to reduce
incentives for rice production. Current Government emphasis is
on the production of export erops to reduce foreign debdt.
However, rice is not competitive as an export crop due to high
production costs, except in the case of the most efficient
producers,

The largest association of rice producers has recently
instituted a tax of $1.10/t on riece produced by its members.
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Twenty=~five percent of the revenues generated will be used for
research which the association intends to contract, possibly with
IDIAP (Watts, pers. comm.). Acceptance of contract research
from comparatively weal thy producers' assoclations would appear
to be an equitable solution to the prodblem of providing
appropriate technological advances to those groups, but could
divert limited human rescurces from national projects to more
lucrative private research. One sclution would be to set aside a
percentage of contract funds for a training program

The need for greater coherence between the TGS and the
soclio~political environment is clear. This cannot be achieved
without greater Government participation in setting priorities
for the ATMS, and adjustment of policies in accordance with those
priorities. The essential role of the TGS in solving
agricultural problems must be recognized. In the case of rice,
the Government s8hould reaffirm its commitment to the TGS with
specific goals of greater productivity and increased efficiency.
In turn, the TGS must focus its priorities more sharply on
meeting those goal s.

5, Conclusions and Recommendations

a. Conclusions

%#In spite of significant varietal development, rice
productivity is low and production costs are high.

8Costly and inefficient management practices constitute the
principal technological comstraint.

5The policy environmént has promoted rice but repeated
surpluses are disincentives to the malantenance of this
environment.

€There is limited domestic market potential, and Panama's
exports are pnot competitive.

#Mechanized farmers are well organized and gained most from
technological change.

b. Recommendations

#Commission rigorous studies of the causes of low
productivity and high production costas. Strengthen TGS3
socioeconomic capability.

#Raeazllocate resources in the TGS and assign top priority to
research on cost-effective agronomic practices with Zncreased
efficiency in pesticlide and fertilizer use.

¥Leadership for reformulatiag rice policies should be taken
by the rice commission.





